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Paper 9709/12
Paper 12

Key messages

Now that papers are scanned in for marking it is very important that candidates use a black pen. If
candidates write in pencil and then attempt to overwrite their work in pen their solutions are often very
difficult to read. Similarly the work of those candidates who attempt to erase their pencil workings is very
difficult to mark as the scanner picks up the original erased work as well as the new attempt. It is much better
if rough working is not done separately but the whole attempt at a question is written in pen, in the space
provided, and only diagrams are drawn in pencil.

Candidates should read the questions carefully at least twice and then extract the relevant information from
them. Not fully comprehending the information often leads to candidates not gaining full credit.

General comments

The paper seemed to generally be very well received by candidates and many good and excellent scripts
were seen. The paper contained a number of questions which were reasonably straightforward and gave all
candidates the opportunity to show what they had learned and understood. It also contained some
questions which provided more of a challenge, even for strong candidates. The vast majority of candidates
appeared to have sufficient time to complete the paper.

Comments on specific questions

Question 1

This question proved to be a very accessible start to the paper, with many candidates demonstrating a good
knowledge of the binomial expansion. Candidates were often able to write down the relevant term and
evaluate it correctly. Weaker candidates sometimes did not include the minus sign or found the coefficient of

1 instead of x.
X

Question 2

Most candidates demonstrated a very good understanding of the idea of a perpendicular bisector and full
credit was very commonly gained in this question. Some weaker candidates obtained the wrong gradient for
AB, did not find the gradient of the perpendicular, or didn’t use the midpoint.

Question 3

In (i) most candidates realised the need to use the chain rule and did so correctly, although a significant
number of candidates did not use the fact that the x-coordinate was decreasing and therefore obtained a
positive, rather than a negative, solution. Weaker candidates sometimes differentiated again rather than

using the dy given.
dx

In (ii) the vast majority of candidates knew to integrate and then attempted to find the + ¢. The mistakes that
did occur were integrating incorrectly, forgetting about the + ¢ or using the equation of a straight line instead
of finding the equation of the curve.

© 2019



Cambridge International Advanced Subsidiary and Advanced Level
9709 Mathematics June 2019
Principal Examiner Report for Teachers

Question 4

(i) in particular proved to be challenging for candidates. Many candidates knew that sin’x + cos?x = 1 was
required and those who started with this statement rather than a? + b? were generally successful. In (ii)
candidates who used the identity Sinx

CosX

successful, although some errors occurred in the subsequent re-arrangements.

= tanx to obtain an equation in a and b only, were usually

Question 5

Many fully correct solutions to this question were seen, with candidates generally aware of the formula
required for an arc length in radians and subsequently able to formulate the correct equation using the

information provided in the question. Common errors were: using 180°, g or 2r rather than r; forgetting to

add the two radii for each sector; putting the 2 on the wrong side of the equation; and using the formula for
area rather than perimeter.

Question 6

Those candidates who considered the given equations and thought about their likely shape were more
successful in each part of this question than those who only substituted values. For example, for the curve,
those who considered the cosine curve rather than just substituting 0 and 2x were more successful in (i).
Similarly re-arranging the line into the form y = mx + ¢ and then considering the y-intercept and gradient was
the most successful approach. In (ii) many good curves and lines were drawn although some lines were not
straight (a ruler should be used for straight lines) and some cosine curves did not appear to ‘level off at 0
and 2x. A significant number of candidates omitted (iii) although the majority did see the connection with the
number of intersections of the graphs in (ii).

Question 7

This question was very well answered by candidates, particularly finding the inverse of f in (i), and solving
the equation in (ii). In (i) weaker candidates did not obtain an expression for the inverse of g. Some
candidates either didn’t know how to obtain the value of x when g~ (x) was undefined or forgot to do so. In

(ii) most candidates gained full credit although some weaker candidates evaluated fg (g} or made mistakes

in forming or solving the equation.
Question 8

(i) was very well done, with many candidates gaining full credit, although the other parts, particularly (iii),
proved to be more challenging. In (i) the vast majority of candidates successfully used the fact that when the
given angle is 90°, the scalar product will be 0, although some candidates unnecessarily found the
magnitudes of the vectors concerned. In (ii) most candidates used the magnitudes correctly although some
did not consider the negative square root, or rounded incorrectly. Candidates found (iii) was more
challenging and some candidates did not form the required vectors correctly, misinterpreted the given
information, or did not form the unit vector once OC had been correctly found.

Question 9

This multi-stage question proved to be a real challenge for many candidates, although many fully correct
solutions were also seen. Some candidates did not appear to have correctly interpreted the information
given, and made incorrect steps such as equating the two curves or assuming that x was equal to 3 in the
second curve as well as the first. Candidates who correctly interpreted the information given in the question
often make significant progress. After differentiating the first curve there were a number of different correct
methods that could be used, including: equating the tangent to the second curve and using the discriminant
of the subsequent equation equated to 0 or differentiating the second curve and equating the two gradients.
Some candidates’ solutions were fully correct except that they did not find k or the coordinates of P.
Candidates who drew a sketch of the situation were often successful and this approach is encouraged.
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Question 10

It was important in this question, as always, to read the information given carefully. Many candidates who did
this were able to formulate the correct equations in each part of the question and solve them. Common
errors in the formulation were: in (i) making the sum of the first 10 terms equal to the sum of the first 5 or first
15 terms; in (ii) forming an equation where the 10" term was 36 less, rather than 36 more, than the 4th term;
and in (iii) multiplying the sum to infinity, rather than the sum of the first 4 terms, by 9. A number of
candidates rounded prematurely in (iii) and did not obtain the correct final answer.

Question 11

Many completely correct solutions to this question were seen. In particular, (i) was very well done, with
candidates successfully applying the standard rules for the differentiation and integration of this type of
function. Candidates sometimes forgot to multiply and divide by 4 or did one but not the other. In (ii) most
candidates realised that the stationary point was needed but many did not successfully solve their differential
set to 0. A number of candidates did not use the fact that both terms in the equation were a function of (4x +
1), so ended up with an equation that was difficult to solve. Those who did use this were often able to obtain
and correctly solve a linear or quadratic equation. In (iii) candidates generally knew to use the integral from
(i) but sometimes had the wrong limits or did not show all necessary working. When definite integrals are
evaluated, it is important that both of the limits can clearly be seen to have been substituted into the integral.
A significant number of candidates did not attempt this final part.

© 2019



Cambridge International Advanced Level
9709 Mathematics June 2019
Principal Examiner Report for Teachers

MATHEMATICS

Paper 9709/32
Paper 32

General comments

The candidate response to this paper was very varied. There were many candidates who offered strong
responses to all ten questions, some candidates who showed a good level of understanding of the
specification but lacked the arithmetic and algebra skills to complete the work accurately, and some
candidates who demonstrated only a vague understanding of the topics examined.

The candidates scored particularly well in Question 1 (binomial expansion), Question 3 (trigonometric
equation), Question 7 (differential equation) and Question 8 (partial fractions and integration). The
questions that candidates found the most challenging were Question 5 (complex numbers), Question 6(i)
and (ii) (circular measure), Question 9(ii) (equation of a plane) and Question 10 (trigonometric identity and
calculus).

Key messages

e  Show clear working.

Write clearly and do not overwrite one solution with another. Overwriting solutions can result in an
illegible script once scanned.

Check your algebra and arithmetic carefully.

Take care in your use of notation, and particularly in the use of brackets.

If a question asks you to obtain a given answer then take particular care to show full working.

If a question asks for an exact answer then decimal working is not appropriate.

Comments on specific questions

Question 1

The maijority of candidates showed a good level of understanding of the binomial expansion. The most

1
common error in expanding (1 + 3x)3 was to use x in place of 3x. Some candidates only expanded as far as
the term in x2, meaning that they had insufficient terms to complete their solution. Multiplication by (3 - x) to
find the coefficient of x 3 was often completed successfully. Several candidates stated the term in x 3 correctly
but did not go on to state the coefficient of x 3.

A small number of candidates attempted the McLaurin expansion, which was a valid alternative method
although involved rather more work and increased opportunities for arithmetic errors.

Question 2

Those candidates who recognised 9% as (3x)? usually went on to form and solve a correct quadratic

equation. Many candidates rejected the possibility of 3* = —3 and obtained the correct final answer. The
usual ways to solve 3* = 4 were to start with xIn3 = In4 orto use x = logs 4.

Candidates who did not recognise the equation as a quadratic in 3* often started with an incorrect use of
logarithms to obtain the incorrect equation xIn9 = xIn3 + In12. Another common error was to use
9% = 3 x 3%,
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Question 3

The majority of candidates chose to rewrite the given equation as a quadratic in tang, with many reaching
the correct equation tan? 6 = % . Some candidates did not then use the square root, and some only

obtained one answer correctly because they did not consider both square roots. The alternatives of starting

with cot 20 = % and using the double angle formulae to form an equation in sing or in cos 9 were quite

common and usually successful.

Question 4

Most candidates applied the quotient rule or the product rule to find the derivative of ﬁ The chosen rule
1+lnx—;—c
(1+Inx)?
candidates who ‘cancelled’ (1 + Inx) to obtain an incorrect answer such as ﬁ There was some
confusion between the tangent and the normal, but several candidates reached the correct equation

(1+l7nxx)2 = i. Only the stronger candidates went on to reach a correct quadratic in Inx. There were errors due

to incorrect use of brackets and notation: (Inx)? was often written as In?x and this then became Inx?. Some
candidates who reached the correct quadratic in Inx then used the substitution x = Inx to simplify their
equation and stopped work when they had found a value for their x. Several candidates who obtained the
correct solution for x then went into decimals so they did not obtain an exact value for y.

was usually applied correctly. Many candidates simplified

correctly, but there were a minority of

Question 5

(i) The majority of candidates were aware that the conjugate of the given root would also be a root of
the equation. A few candidates changed both signs, and some did not include the i in their
response.

(i) The most popular approach was to start by substituting the given root into the equation to find the

value of k. The question specifically ruled out the use of a calculator. Those candidates who simply

wrote down (—1 + v3i)’ = 8, with no working shown, gained no credit. The common alternative
approach was to use the two known roots to form the quadratic factor x? + 2x + 4 and then use
the linear factor kx + a to compare coefficients and solve for k. When successful, this approach
was very efficient because it gave the third root at the same time. However, the common error was
to combine the quadratic factor with a linear factor x + a, in which case no further progress was
possible. Some candidates obtained the correct linear factor and stated that this was the root.
Several candidates used their calculators to state the third root and gave no supporting working, so
no marks were scored.

Question 6

(i) The simplest solution to this question was to use the isosceles triangle OAB to form two identical

BN
right angled triangles and then use 27 = cos x. Several candidates simply wrote down % =cosx

with no justification, and gained no credit. It was quite common to see longer solutions involving the
sine rule or cosine rule. Many candidates offered no solution.

(i) Candidates needed to equate half the area of the semicircle to the area of the sector. The given
answer enabled several candidates to find their errors and correct their solutions. The most
common errors occurred in the area of the sector, with many candidates using an angle of x rather
than2x. There was a lot of evidence of misuse of factors of 2, with not all errors being traced back
to their source. Some candidates who started with a correct equation lost the factor of x from the
16x in the denominator in the course of their working.
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There were two common approaches used by candidates: either they considered an equation of
the form f(a) = 0, or they worked with an equation of the form f(a) = a. Many candidates were
unable to distinguish between the two forms and tackled the latter but were hoping to find a sign
change. There were several calculation errors in combining the surd and the inverse trigonometric
function. A few candidates worked in degrees rather than radians.

Many of the candidates who calculated values of the function correctly reached the correct solution
having used the required level of accuracy. Candidates who used an initial value of 1.25 or 1.5
were more likely to reach the correct final answer than those who started from 1. This was largely
due to the fact that candidates kept applying the iterative formula until two successive answers
rounded to the same value correct to 3 decimal places. In cases where an initial value of 1 was
used, the convergence was too slow for this to give the correct answer. When the convergence is
slow, candidates should continue beyond the point where they think that they have found the root
to ensure that the final figure is correct.

Question 7

U]

(i)

The majority of candidates started correctly, by separating the variables and attempting to
integrate. The separation was usually completed correctly, and most candidates recognised the

need to use integration by parts to integrate the function in x. Several candidates had feiydy and

mistakenly believed this to be In(e*). Those candidates who started with the form [ e~>dy were
more likely to reach a correct answer. Many candidates went on to find the correct value for the
constant of integration. The final step, going from an expression for —e ™ to an expression for

y was more challenging for some candidates in dealing with the negatives and using logarithms.

Candidates needed to be aware that In(1 - x) is only defined for values of x less than 1. Many
answers were not expressed correctly, and it was commonly incorrectly stated that In(a) could not
be negative.

Question 8

U]

(ii)

Many candidates started correctly on the partial fractions. There were a few slips in the algebra and
the arithmetic, but many fully correct solutions were seen. Candidates are advised to split the

fraction as far as possible. Those candidates who opted for the partial form of 4+ B¢ could

2x+1  (2x+3)2

gain full marks in part (i) but they still had a lot of work to do before they could complete part (ii).

Many candidates recognised the exact derivatives and integrated to obtain answers of the correct
form. Those candidates who lost the 2 in the first log integral usually repeated the error in the
second log integral. There were some sign and coefficient errors in integrating (2x + 3)?2. It was
rare for candidates who started with the two term form of the partial fractions to make any progress
beyond integrating the first term. Many candidates with incorrect coefficients in their integration
provided the correct answer, but the working often didn’t contain sufficient detail to support the
answer.

Question 9

U]

(i)

Many candidates were able to find the point of intersection of two lines. The majority of candidates
who formed the equation of the line AB correctly went on to form and solve simultaneous equations
and demonstrated clearly that the two lines did not intersect. There was one very common error:

candidates who reached a correct equation 34 = 2 often concluded that 1 = 2

Several candidates found half of the vector 4B rather than the position vector of the midpoint of AB.
It was generally understood that the direction vector of the line AB was perpendicular to m, and
several candidates were able to use this, with their midpoint, to find an equation for m. Candidates
who did not appreciate the significance of the line being perpendicular to the plane tried to use the
vector product to find a normal vector, but did not start with directions in the plane so were not
successful. Several candidates showed understanding of the correct method for finding the point of
intersection of a line with a plane, and those who used all the information correctly usually reached
the correct final answer.
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Question 10

U)

(i)

(iif)

Most candidates gave a correct expansion of at least one of sin(3x + x) and sin(3x - x). Some
candidates then went on to use these correctly to derive the given result. Several candidates did
not link their work to sin4x and sin2x.

Although most candidates were aware of the need to find the value of [ sin 3 x cos x dx, many were
unable to use the result of part (i) with this task. As well as completing the integration correctly,
candidates also needed to determine the upper limit for their integral. It was common to see the
incorrect value % being used. Only the stronger candidates reached the final answer correctly. A

number of candidates did not ‘show all necessary working’ and no marks were given for an answer
that was not supported by correct working.

Many candidates understood that they needed to find Z—z in order to find the coordinates of M.

Several did not follow the instruction to use the result of part (i) and started by differentiating the
original form of the function. This never resulted in an equation in cos2x, but could have been
followed through to find the x-coordinate of M. Several candidates who started with the correct
form 2cos4x + cos2x rearranged this correctly to obtain an expression in cos2x, provided that they
used a correct form of the double angle formula. Some candidates never obtained an equation in
cos2x because they used the double angle formula on both terms at the same time. If they followed
this through, they could reach the final answer by forming a quartic in cosx. Several candidates
who were solving a correct equation gave the final answer as the x-coordinate of the maximum
point, rather than of M.
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MATHEMATICS

Paper 9709/42
Paper 42

Key messages

Non-exact numerical answers are required correct to three significant figures as stated on the question
paper and cases where this was not adhered to were seen in Question 1, Question 2, Question 3,
Question 4 and Question 5. Candidates are advised to carry out all working to at least 4 significant
figures if a final answer is required to 3sf.

When answering questions involving an inclined plane, a force diagram can help candidates to ensure
they have included all relevant terms when forming a Newton’s Law equation or a work/energy
equation. This was particularly noticeable here in Question 3 and Question 4.

In questions such as Question 7 in this paper, where velocity is given as a quadratic function of time,
calculus must be used and it is not possible to apply the equations of constant acceleration.

If an angle is given in terms of the sine, cosine or tangent of the angle then there is no requirement to
evaluate the angle. When needed, all other trigonometric values can be obtained from the given
information. There are examples of this in this paper in Question 3, Question 4 and Question 6

General comments

The paper was generally well done by many candidates, although a wide range of marks was seen.

The presentation of the work was good in most cases and as the papers are now scanned, it is important to
write answers clearly using black pen.

In Question 3, Question 4 and Question 6, values of trigonometric functions were given and these can
often lead to exact answers.

The examination allowed candidates at all levels to show their knowledge of the subject, whilst differentiating
well between even the stronger candidates. Question 5 was found to be the easiest question whilst
Question 7(iii) proved to be by far the most challenging.

One of the rubrics on this paper is to take g = 10 and it has been noted that virtually all candidates are now
following this instruction. In fact in some cases it is impossible to achieve a correct given answer unless this
value is used.

Comments on specific questions

Question 1

This was a standard problem on force systems and the most straightforward approach was to resolve forces
horizontally and vertically. This was the method used by the majority of candidates. Most candidates
performed well on this question. Errors were seen due to the mixing up of sine and cosine particularly when
evaluating components of the 17 N force. Another error often seen was accuracy being lost because of
premature rounding. Candidates should again be reminded that in questions such as this they should keep
all intermediate calculations to 4 or 5 decimal places in order to produce a final answer correct to 3sf. It was
not possible to use Lami’s theorem in this problem since there were 4 forces acting.
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Question 2

This question involved motion that required the application of the constant acceleration equations. The most
direct method, which was applied by the majority of candidates, was to apply the equation s = ut +% at’ to

the motion over the first 5 seconds using t = 5, and to apply the same equation for the first 8 seconds using
t = 8. This gave a pair of simultaneous equations in the variables u and a. Solving these equations produced
the required solution. An error that was seen was candidates attempting to apply the equation to the final 3
seconds of motion but wrongly using the same u as for the first 5 seconds. It was possible to apply the
equation to the final 3 seconds but u had to be replaced by u + 5a. Another error that was seen was
candidates misreading the given information, thinking that the 160 m referred to a distance in addition to the

first 80 m, and applying the equation s = ut +% af’ with s = 240 and t = 13. Overall this question was well

done by the majority of candidates. Although it was possible to determine u and a exacitly as fractions, some
candidates used decimals and in some cases did not give answers correct to 3sf.

Question 3

This was a question in which the angle, 6, was given in terms of tan 8 which meant that it was easy to find
sin B and cos 0 exactly without calculating the angle. There were two different methods to approach this
problem. In both cases it was necessary first to find the friction force. Resolving forces perpendicular to the
plane gave the normal reaction, R, as R = 13g cos 6. Since motion was taking place F = yR = 0.3 x 13g cos
8. One method of solution was then to resolve forces along the plane and since there was no acceleration,
the force T N exactly balanced the friction force plus the component of the weight down the plane. This gave
the value for T. Application of work done = T x 2.5 gave the required answer. Another method was to use the
work-energy principle which in this case stated that the work done by T was equal to the sum of the work
done against friction and the gain in potential energy. Most candidates made a good attempt at this question.
An error seen when using the relationship WD = T x 2.5 was to wrongly also multiply this by cos 8. Some
candidates made sign errors either when resolving forces or when combining work done against friction and
potential energy and others mixed up sine and cosine of the angles.

Question 4

This was another question with the angle given in terms of sin 6 and so it was not necessary to calculate the
angle explicitly. There were two approaches that could be used here. Either Newton’s second law could be
applied to the motion of the car or alternatively the work-energy principles could be used. The majority of
candidates chose to use Newton’s second law. If this approach was adopted then there were three force
terms to consider: the given driving force; the given resistive force; and the component of the weight down
the plane. This combination of forces needed to be equated to 1250a and solved for a in both the up and
down cases. An error seen when candidates applied this method was to omit one of the force terms or to use
incorrect signs when combining them. Once the value of a had been found, application of the constant
acceleration equations such as V2 = u? + 2as could be used to find the required speed. If the work-energy
method was used then the equation consisted of 4 terms, namely the work done by the driving force, the
work done against the resistance force, the change in potential energy and the change in kinetic energy.
Both up and down motion involved the same terms but they needed to be combined with the correct signs,
and errors in sign were the main cause of incorrect solutions. The kinetic energy term involved the required
speed v and the equation could be solved to find this speed in each case. Another error that was frequently
seen was the inclusion of a potential energy and a work done by the weight term, so including the potential
energy twice. This question was well done by a large number of candidates.

Question 5

(i) This question included a given answer so candidates needed to show all of their working. Since the
acceleration was required it was best to apply Newton’s second law to both particles or to one
particle and to the system. This produced two equations involving the tension, T, in the string and
the acceleration, a, of each particle. Solving the equations gave the required results. Most
candidates produced very good solutions to this question. An error that was seen on a few
occasions was to think that the tension acting on particle A was different to the tension acting on

particle B. Since the question asked to show the acceleration was%, it was important that
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candidates did not simply use their calculator to solve the equations as this is not a method for
showing such a result and some detail of the method of solution had to be seen.

(i)  There were several methods available to find the maximum height of B. It was necessary to find the
speed of particle B as particle A reached the ground and this could be achieved by using the

equation V=u’+2aswithu=0,a= % and s = 0.5. Solving this gave the required speed, which

then became the initial speed of the subsequent motion of B as it moved when the string became
slack. Particle B then moved under the influence of gravity until coming to rest. Further use of the
equation v = 1? + 2as with u taken as the initial speed, v = 0 and a = —g = —10 and the extra height

travelled after A reached the ground was found as s =% . The maximum height of B above the

ground was found using 0.5 + 0.5 + % Many candidates made a good start to this part of the

question but forgot to add the extra 0.5 m that particle B had travelled up to the point when A
reached the ground.

Question 6

This question proved to be difficult for some candidates. Two situations were described in the question and it
was necessary to write down the equations which described the motion in each case. The resistive force was
given in terms of the velocity of the particle. In the first case, where the particle moved on a horizontal road,
the speed was given as 18ms™" and the driving force could be evaluated from the given information

36000

18
equation of motion as 2000 = 18A + B. Many candidates did not substitute the value of v = 18 into their
equation. In the second case the car moved up a hill with a given slope and in this case the driving force of

% = 1750 Nwas balanced by a combination of the resistance and the component of the weight of the

car down the slope. The value v = 12 had to be used and the resulting equation of motion took the form 1250
= 12A + B. These two simultaneous equations could then be solved for A and B. The candidates who
substituted the relevant values of v into their equations found this to be a straightforward problem but a large
number of candidates seemed to be confused by the fact that the resistance force was not constant and
were reluctant to substitute a value for v. The condition v > 2 was given in the question, since this
guaranteed that the resistance was positive. However, some candidates thought that it was necessary to
apply this condition and several cases were seen where values of v =2 and v = 3 were wrongly used.

as = 2000 N. The driving force in this case was exactly balanced by the resistive force, leading to the

Question 7

(i) Candidates were asked to sketch the velocity-time graph for the two particles. Although most
candidates sketched the correct straight line graph for the motion of particle Q, a significant number
of candidates chose to represent the quadratic expression for P as a set of connected straight lines
rather than the correct quadratic curve passing through (0,0) and (3,0). In order to fully represent
the nature of the motion it was vital to annotate the axes with values at the critical points and often
this also was not seen.

(i)  There were several different ways of showing that P and Q met after 5 seconds. In all cases the
displacements had to be found. For particle P this involved integrating the quadratic function. For
particle Q, either integration could be used or the displacement at t = 5 could be evaluated by
calculating the area under the straight line from ¢t = 0 to f = 5. If integrals were used for both then
one method was to evaluate the definite integral with limits of t = 0 and f = 5 and to show that both
of these equated to 25. An alternative method was to equate the two integral expressions for the
displacement of P and of Q. This led to a cubic equation which could be factorised as t(t + 1)(t — 5)
= 0 and hence it could be shown that t = 5 is where the displacements were the same. Most
candidates made a good attempt at this question. However some equated the two given velocities
which was not what was required here but was an approach for Question 7(iii).

(iii)  This question proved to be the most difficult on the paper for almost all candidates. There were two
different approaches which could be taken. Either the expressions for displacement found in 7(ii)
could be subtracted to find the distance between the particles at any time or it could be realised
that the maximum distance apart happened when the two velocities were equal. These two
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methods of approach are equivalent. If the distance between the particles was found, then this
expression had to be differentiated and set to zero to find its maximum value. This was equivalent
to setting the two velocities to be equal. This gave a quadratic equation in t which, when solved,
gave the time at which the maximum distance occurred. It was found to be at t = 3.19 seconds (to
3sf). This value of t could then be used in the expressions for the two particles and the values
subtracted to determine the maximum distance. Very few candidates scored full marks on this part.
A common error was to think that the maximum occurred at t = 3. This was very close to the actual
value but came from an incorrect method and hence did not score marks.
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MATHEMATICS

Paper 9709/52
Paper 52

General comments

The work of most candidates was neat and well presented. A few candidates gave answers to 2 significant
figures instead of 3 significant figures as requested. When giving answers to 3 significant figures this means
working to at least 4 significant figures. Most candidates now use g =10 as requested on the question

paper.

The more challenging questions proved to be Question 6(i) and (ii), and Question 7(ii) and (iii).
Question 1, Question 3, Question 4(i) and Question 5(i) were generally answered well.

Key messages

e Candidates should always refer to the formula booklet provided if in doubt of a particular formula.
e Answers should be given to 3 significant figures unless otherwise stated in the question.
e  Write clearly and do not overwrite one solution with another.

Comments on specific questions

Question 1

(i) k could be found by comparing the given equation with the trajectory equation quoted in the
formula booklet.

(i)  Again it was necessary to use the trajectory equation from the formula booklet.

(ili)  Since the horizontal velocity remains constant x =28co0s30x 3.

Question 2

Many candidates were able to find the centre of mass from AB and/or AG but then did not use Pythagoras’
theorem to find the required distance.

Question 3
This question was generally well answered.
(i)  Candidates needed to find the radius and then use F = mro’w’ o’ .

(i)  This part of the question required candidates to resolve vertically.
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Question 4

(i) This part of the question was generally well answered. It was necessary to use Newton’s Second
Law vertically.

(ii)  Firstly, candidates needed to realise that the greatest downward speed occurred when the
acceleration was zero. By putting 10 —40x —50x? =0, x=0.2 could be found. Next it was
necessary to integrate the equation found in part (i) with the constant of integration being zero. By
substituting x = 0.2, the velocity could be found and hence the kinetic energy. Then, by using

2
EE = % , the elastic potential energy could be calculated.

Question 5

This question was generally well answered.

(i) Candidates needed touse T = % twice and then solve the two equations to find a and A.

(i) Byusing T = % and Newton’s Second Law horizontally, the required speed could be calculated.

Question 6

(i) This part of the question proved to be challenging for many candidates. Candidates needed to find
the horizontal and vertical velocities, vy and v, when t = 4. At this point (vH)2 + (v\,)2 = 307, resulting
in an equation involving 8, which when solved gave the required answer.

(i) Candidates needed to use s = ut +%at2 vertically. When completed correctly this gave

s=-33.75. Very few candidates explained that this meant below the level of projection.

Question 7

(i) A number of candidates found r=0.2 from incorrect working. Some candidates used the incorrect
formula for the centre of mass of the semi-circular arc.

(ii)  This part of the question was challenging for many candidates. Candidates needed to take
moments about A and so AC had to be found.

(iii) Many candidates found this challenging. Firstly, candidates needed to take moments about A. This
resulted in the equation 0.8Y = (0.8 -0.27) X%+0.27[X AO where O is the centre of the
semicircle and Y is the distance of the centre of mass from A. Using AB=0.8 -0.2 and
A0O=0.8 —-0.2+0.2, Y could be found. Finally, tan8= % could be used to find the required

angle.
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MATHEMATICS

Paper 9709/62
Paper 62

General comments

The majority of candidates presented their solutions in a logical manner. There was sometimes a lack of
structure which made determining the final answer difficult for examiners.

Candidates often needed to show sufficient method to justify their conclusions. Not communicating intended
processes produced uncertainty about the final answer. Greater accuracy often needed to be used within
calculations, otherwise premature approximation affected the final answer.

Many good solutions were seen for Question 3 and Question 5. The context in Question 1 and Question 4
was found challenging by many candidates. Management of time seems to have caused difficulties for some
candidates to attempt all the questions.

Key messages

Sufficient method must be shown to justify answers.

Candidates should present their working in a clear manner.

Only non-exact answers should be rounded to 3 significant figures.

Referencing to context is important when determining the most appropriate approach for a solution.

Comments on specific questions

Question 1

A number of very clear solutions were seen for this question which used a standard context for throwing dice.
Others needed to more clearly communicate the information required to determine independence, presenting
work in a more methodical manner with annotations provided with the workings. The most efficient approach
seen was to generate an outcome space initially and use this to identify the required probabilities. The best
solutions indicated clearly on the outcome space values that fulfilled the conditions of Events S and T.
Candidates needed to be able to interpret statements like ‘is less than 6’ as not including 6.

The main alternative approach was to list outcomes which fulfilled the events separately and then try to
compare the lists for common terms. In both approaches, a significant number of counting errors were seen
which led to incorrect probabilities. Weaker candidates often assumed independence and calculated

P(S NT) using P(S) x P(T). This is a ‘circular argument and gained little credit.

Question 2

Many good solutions to this normal approximation question were seen. The best solutions often had a simple
sketch to identify the required probability area. Almost all candidates recognised that volume is a continuous
variable, so no continuity correction was required.

A number of candidates were unable to answer the question completely as the calculation of the expected
number of cartridges was omitted. Candidates needed to be aware that this value was an interpretation of
their exact answer, rather than a rounding, so referencing approximation was inappropriate.
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Question 3

Most solutions recognised that this was binomial distribution and used the appropriate formulae and
approximations.

(i) The best solutions clearly stated the outcomes that would satisfy the condition, recognised that
subtraction from 1 would be the most efficient method, and provided a clear unsimplified
expression with efficient use of calculators to achieve an accurate 3 significant figures result.
Weaker solutions often evaluated each term and, because of premature approximation, achieved
an inaccurate final answer. A few candidates attempted to sum the probabilities of all of the
scenarios, but these were often successful. Candidates needed to be able to interpret conditions
such as ‘at least 7’ to indicate that only values higher than 7 were excluded. Some poor notation
was noted, with the omission of the trailing bracket, or complete omission of brackets, but
candidates frequently recovered when evaluating their answer.

(i) Many good solutions were seen. These clearly stated the initial exponential equation, and then
showed an appropriate method of solution. The use of logarithmic properties was acceptable and
an efficient method. Candidates needed to ensure that their final answer fulfilled the stated
condition.

Question 4

Many good attempts were seen to this question. The best solutions stated the z-values appropriately, used
the standardisation formula accurately, and provided clear algebraic solutions of the simultaneous equations
that were generated. A sketch of the normal distribution curve often assisted in identifying whether the
z-value was positive or negative. A number of solutions rounded too early in the process, especially when p
was being eliminated and ¢ calculated first.

Question 5

The maijority of candidates provided appropriate solutions to this question. Others needed to apply the
context information more accurately to understand that a sweet would not be returned to the box.
Re-reading the initial information after attempting each part of a question would have been helpful to ensure
that the context had been appropriately applied.

(i) Almost all candidates attempted the tree diagram which is an extension of Upper Secondary
mathematical knowledge and skills. The labelling was generally clear, although at times candidates
were not consistent with the ordering of outcomes which caused difficulties later. It was not
uncommon to have an unexpected additional branch between the first and second sweet removal
branches where the changes to the box content were stated. Weaker responses often simply
considered the original contents in a non-replacement context or continued the tree diagram to
consider a third sweet being removed, which reduced possible credit. The use of a ruler for the
branches was seen more frequently in solutions which were successful in later parts.

(i) Almost all candidates produced a probability distribution table that was linked with the tree diagram
that was created in part (i). Weaker solutions ignored the context and considered possible
outcomes of up to 6 toffees being removed. Candidates needed to be aware that the total of the
probabilities for all the outcomes is 1, so that no table should sum to more than 1. Where the tree
diagram was inaccurate, many gained partial credit using this property.

(iii) This part was omitted by some candidates who had created a probability distribution table.
Candidates needed to be aware that ‘mean’ and ‘expected value’ were often interchangeable in
this context. The best solutions stated the calculation that was being attempted before evaluating.

(iv) Most solutions identified that a conditional probability was being calculated. The best solutions
often included a statement of the conditional probability formula for the context, used the tree
diagram in part (i) to identify the required probabilities, and handled the fractions accurately. Many
candidates were able to interpret their inaccurate tree diagram in part (i) appropriately and provided
sufficient working to communicate their intentions to gain credit. Weaker solutions interpreted the
denominator P(T) as simply the probability for picking a toffee initially.
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Question 6

U]

(i)

(iii) (a)

(b)

Many candidates found this question challenging. Understanding when using a box-and-whisker
plot is appropriate is a requirement of the syllabus and candidates needed to be able to identify the
key advantages and disadvantages of such a representation. The best responses often included
several advantages including reference to the spread or shape of the data distribution as well as
the more common ease of identifying the median or quartiles. The disadvantage was then normally
related to the lack of other data present, so not being able to calculate the mean or mode were the
more specific answers, although reference to the lack of individual data was also seen. Weaker
answers often referred to the ease or difficulty of constructing the box-and-whisker plot. Uncertainty
of the appropriate technical terms was noted, with the median often being referred to as the mean.

Whereas part (i) required a generic response, this part was placed in context and comments
needed to relate to the specific data provided. Again, many candidates didn’t show understanding
of the appropriate technical terms, with median and mean frequently interchanged. Many
candidates simply calculated the value of each measure of central tendency without making any
conclusion. The best solutions identified that 768 was considerably larger than any other value thus
making the mean inappropriate, and that there was no repeated value so effectively no mode,
meaning that the median must be the most appropriate. Weaker answers often ignored the context
and simply provided a reasoned approach with general descriptions of the median, mean and
mode.

Many solutions lacked the accuracy required at this level, with the use of inappropriate scales
common. Candidates needed to ensure that any scale they used enabled them to communicate
effectively their accurate values wherever possible. Most candidates found the median
successfully, but the remaining quartiles were often incorrect. Good box-and-whisker plots were
constructed using a ruler, ensuring that the diagram clearly communicated the intended value of
the 5-points, with the whiskers being drawn at the middle of the box height and not entering the box
itself. A linear scale using 1 cm for 20 minutes ensured accuracy and needed to be annotated with
both the values linearly and labelled both ‘time’ and ‘minutes’. Weaker solutions were often drawn
freehand, omitted the labelling on the scale, and used a scale such as 2 cm for 37 minutes.
Candidates needed to understand that at this level diagrams that represent statistical data need to
be labelled with both units and the item that is being measured.

Where the quartiles were identified in part (iii) (a), most candidates were able to accurately
calculate the interquartile range. Weaker responses often simply found the difference of the term
values and restated the median as the answer.

Question 7

Most solutions recognised that this was a permutation and combination style question, and candidates were
generally able to determine whether ‘arrangements’ or ‘selections’ were required by context. Candidates who
presented their working in a clear manner were often more successful.

(a)

(b) (i)

The context for this part caused difficulties for some candidates. Successful solutions often had
simple diagrams to visualise the problem, and this was a technique which provided support for
some candidates. Most solutions considered loading the boats in the order stated in the question,
although many solutions did not realise that once people were in a boat, they could no longer be
placed in another boat, so that the pool of people being chosen from was reducing; 8Cs x 8C2 x 6C4
was a common error. Some candidates calculated the ways of arranging the people in the boats,
but then believed that the order that the boats were loaded needed to be considered, and amended
their answer by multiplying by 6. Few candidates used permutations in their solutions.

Good solutions often included a simple ‘diagram’ to visualise the condition applied in the question.
Most solutions realised the impact of the repeated value and divided as required. Weaker solutions
often didn’t multiply by 2 to allow for the order of ‘odd’ and ‘even’ to be interchanged.
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(ii) Again, the best solutions included simple visual representations of the condition that was being
applied. The more successful approach was to consider the arrangements of 3,7,7,7,8 and then
determine how the 2s could be inserted between the numbers. A significant number of solutions
didn’t divide by 2 to remove the repeated value impact of the value 2.

Candidates who calculated the total number of ways the values could be arranged and then
subtracted the number of ways where the 2s were together, were often less accurate. Many
solutions didn’t divide appropriately to remove the impact of the repeated values. A significant
number of solutions didn’t consider the 2s as a single item when calculating the number of ways
that the values could be arranged, with the 2s together leading to some extremely complex and
inaccurate approaches.
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MATHEMATICS

Paper 9709/72
Paper 72

Key messages

It is important that candidates know how to round answers to the required number of significant figures (see,
in particular, comments on Questions 1 and 3 below)

If candidates use additional sheets for working, the question number must be clearly indicated.
Standard statistical notation needs to be used correctly.

Confusion between standard deviation and variance continues to prevent some candidates gaining marks
(see Question 2 below).

When carrying out a significance test, the comparison between the test value and critical value (or

equivalent) must be clearly shown in order to justify the conclusion (see comments on Questions 3 and 7
below).

General comments

This was a reasonably accessible paper for candidates. There were some very good scripts but also some
scripts which demonstrated that candidates had found the paper very challenging. Question 3 (particularly
part (i)) was well attempted as was Question 6. Questions that proved to be more demanding were
Questions 2 and 7.

As mentioned above, it is important that candidates can round correctly to 3.s.f. There were occasions where
only 2 (or even 1) s.f. were given with no indication of more accurate figures; candidate who do this are
unable to gain accuracy marks.

There did not appear to be any time issues for candidates on this paper, and presentation was generally
good.

The comments below indicate common errors and misconceptions. However, many full and correct solutions
were presented.

Comments on specific questions

Question 1

Question 1(i) was well answered, though many candidates gave their answer as 0.084 rather than 0.0842. If
there was no greater accuracy seen here candidates did not gain the mark as 3.s.f. was required.
Candidates were either confusing significant figures with decimal places, or thought that the zero after the
decimal point was significant.

Parts (ii) and (iii) were reasonably well attempted, though manipulation of factorial notation and indices
caused confusion for weaker candidates.
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Question 2
Candidates found this question very challenging, particularly part (ii).

In part (i), some candidates did not describe the distribution (Normal) fully and did not give the parameters.
Others confused standard deviation and variance, correctly working out one, but stating it was the other.
Standard notation for the Normal distribution was not always used correctly here. There were also
candidates who did not know what the question required.

Very few candidates gave a correct answer in part (ii). Statements such as ‘it should be Normal’ were quite
common but did not gain credit. Candidates had to have made it clear that the population (i.e. X here) was
Normal in order for the distribution to be exact. Incorrect answers involving the central limit theorem or values
for n were often seen.

Question 3

Part (i) was particularly well attempted, with the majority of candidates able to correctly calculate unbiased
estimates of the mean and variance. Confusion between the two formulae for the unbiased variance was not
as prevalent as has been the case in the past, with the majority of candidates using the formula given on the
formula sheet. Very few candidates gave the biased estimate of the variance. Once again, there was
confusion by some candidates in giving a final answer correct to 3 significant figures.

There were many full and complete solutions for part (ii), but in some cases the hypotheses were omitted or

incorrect and errors were made when standardising (for example not using J50 ). In order to justify the
conclusion, a comparison between the test value and the critical value had to be clearly shown either as an
inequality statement or on a fully labelled diagram; some candidates did not show this comparison. It is not
sufficient to merely state ‘compare’. The conclusion to the test should be written in context and should not be
definite.

Question 4

This question was reasonably well attempted. Many candidates scored highly, though few candidates gain
full credit. Errors included using an incorrect variance, incorrectly using a continuity correction or calculating
an incorrect area (> 0.5 rather than < 0.5). Very few candidates realised that their calculated probability
needed to then be doubled for the final answer.

Question 5

Part (i) was usually well attempted, though ‘p’ was sometimes omitted, or A or u incorrectly used. Weaker
candidates did not always realise what was required. In part (ii) candidates often did not choose the required
Binomial distribution B(40,0.1). Whilst the confidence interval in (iii) was generally well attempted, there were
candidates who either incorrectly used 0.1 and 0.9, or did not work with proportions. Part (iv) required
candidates to check if 0.1 was in their Cl and make a conclusion from this. Comments such as ‘it’ lies in the
Cl are too vague and did not gain credit, and some candidates did not give both the required parts of the
answer.

Question 6

Questions on probability density functions are usually well attempted and this question was no exception. In
part (i) most candidates realised that the requirement was to integrate f(x) with limits 1 and b and equate to
1. The resulting equation in ‘a’ and ‘b’ was usually correctly rearranged to the form given. Part (ii) was also
well attempted, though weaker candidates confused the values of 0.5 and the median. Instead of integrating
from 1 to 1.5 and equating to 0.5, the integral was incorrectly evaluated from 1 to 0.5 and equated to the
median 1.5. In part (iii) it was required to integrate xf(x) with limits 1 and b. This was usually well attempted,

though weaker candidates were unable to correctly carry out the integration of xf(x) (i.e. 1 ).
X
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Question 7

This question was found to be very challenging by candidates. In part (i) many candidates did not fully
understand that 320 was the number of passengers who bought tickets, or, alternatively, the number of seats
on the plane. It was not simply the number of passengers or, as many candidates thought, the number of
passengers who bought tickets but did not turn up. A Poisson distribution with A = 3.2 was required in part
(ii). Errors included an incorrect value for A, an extra term, or a missing term, in the expression for P(3,4,5) or
even an incorrect expression involving P(<6) and Pr(> 2). The justification for using the Poisson
approximation in (iii) was often not fully correct or was not in context. It was not sufficient to just say np <5,
np needed to be stated as 1.6 to be ‘in context’. Part (iv) was poorly attempted, with candidates using a
range of methods: from the correct Poisson distribution to incorrect Poisson distributions or more usually
trying to incorrectly model the situation with an invalid Normal distribution. Some candidates only included
one term in their (correct form of) calculation and lost marks accordingly. The final conclusion for the test
should be fully justified, written in context and not definite.

© 2019



	9709_s19_er_12
	9709_s19_er_32
	9709_s19_er_42
	9709_s19_er_52
	9709_s19_er_62
	9709_s19_er_72


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ArialCyrMT-Italic
    /CourierCyrPS-Inclined
    /ERKurierKOI8RRegular
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GraphSymbol-Normal
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /HelveticaCyrillic-Bold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Minion-Black
    /Minion-BlackOsF
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-BoldItalicOsF
    /Minion-BoldOsF
    /Minion-DisplayItalic
    /Minion-DisplayItalicSC
    /Minion-DisplayRegular
    /Minion-DisplayRegularSC
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-ItalicSC
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Minion-Regular
    /Minion-RegularSC
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SemiboldItalicSC
    /Minion-SemiboldSC
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /NuptialScript
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /Times-BBACRbook
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNRCyrMT
    /TimesNRCyrMT-ACRbook
    /TimesNRCyrMT-Bold
    /TimesNRCyrMT-BoldInclined
    /TimesNRCyrMT-Inclined
    /TimesNRomCyrMT-Bold
    /TimesNRomCyrMT-BoldInclined
    /TimesNRomCyrMT-Inclined
    /Times-Roman
    /Times-RRACRbook
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-Black-Thin
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /Univers-ThinUltraCondensed
    /Univers-UltraCondensed
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.440 841.680]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ArialCyrMT-Italic
    /CourierCyrPS-Inclined
    /ERKurierKOI8RRegular
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GraphSymbol-Normal
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /HelveticaCyrillic-Bold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Minion-Black
    /Minion-BlackOsF
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-BoldItalicOsF
    /Minion-BoldOsF
    /Minion-DisplayItalic
    /Minion-DisplayItalicSC
    /Minion-DisplayRegular
    /Minion-DisplayRegularSC
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-ItalicSC
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Minion-Regular
    /Minion-RegularSC
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SemiboldItalicSC
    /Minion-SemiboldSC
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /NuptialScript
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /Times-BBACRbook
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNRCyrMT
    /TimesNRCyrMT-ACRbook
    /TimesNRCyrMT-Bold
    /TimesNRCyrMT-BoldInclined
    /TimesNRCyrMT-Inclined
    /TimesNRomCyrMT-Bold
    /TimesNRomCyrMT-BoldInclined
    /TimesNRomCyrMT-Inclined
    /Times-Roman
    /Times-RRACRbook
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-Black-Thin
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /Univers-ThinUltraCondensed
    /Univers-UltraCondensed
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.440 841.680]
>> setpagedevice


