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ADDITIONAL MATHEMATICS

Paper 0606/11
Paper 11

Key messages

This paper required candidates to recall and use a range of mathematical techniques, to devise
mathematical arguments and present those arguments precisely and logically. Good responses were set out
clearly and demonstrated a good understanding of fundamental techniques. They also showed a good
understanding of mathematical language.

General comments

A good range of responses were provided, showing that many candidates had worked hard and understood
the syllabus objectives, being able to apply them appropriately. Candidates appeared to have no timing
issues and most candidates attempted all the questions.

There were some topics where candidates appeared to be less familiar with the techniques required. These
included sketching and interpretation of graphs of cubic functions, integration of algebraic fractions, solution
of equations involving exponential functions and interpretation of displacement—time and velocity—time
graphs. They would benefit from practice in answering questions from these areas of the syllabus.

Candidates should be aware that if a method is specified by the question, then they must use that method for
their solution. The use of the words ‘Hence’ or ‘use your ..." in the second part of a question is an indication
that the method employed should use the result from the previous part. Care should be taken to read the
wording of such questions. Candidates should also be aware that if they are requested not to use a
calculator it is particularly important to show all steps in their working.

Candidates should read questions carefully and check that they have fully answered the question and have
given their answer in the required form.

Comments on specific questions

Question 1

(a) Most candidates knew that a cubic graph was required but marks were lost by curves that did not
extend beyond x = —1 and x = 2 and by miscalculation of the y-intercept. The x-intercepts were
usually correct.

(b) Candidates should be aware that ‘hence’ indicated that their graph should be used to obtain the
inequalities, with no calculations necessary. Most candidates whose graphs extended beyond 2
obtained x > 2 but few obtained the other inequality. Candidates should be aware of the > sign in
the question and use strict inequalities in their answer.

Question 2

which

Candidates often obtained the integral of % but were less successful with the integral of 5
X_

(x=1)
many also tried to express as a logarithm. Care was required with the bracket in In(x — 1), but many
candidates clearly knew how to apply limits correctly. There was, however, some confusion with signs when
evaluating the final answer.
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Question 3

(a)

(b)
(c)

Most candidates showed a good understanding of the factor and remainder theorems and this
question was very well done.

Most candidates used algebraic long division and many were correct.

Most candidates evaluated the discriminant for the quadratic equation obtained in the preceding
part and found that it was less than zero but few candidates then stated a full conclusion relating to
both q(x) and p(x). Candidates should be aware that, as in the question, the comment should relate
to real solutions not just solutions.

Question 4

Many candidates showed a good knowledge of the application of the binomial theorem and most expanded

(a+ x)3 correctly. The expansion of (1 —%)5 was often marred by slips such as loss of the negative sign in

_?sx and mistakes in expanding (—g)2 . Although some candidates correctly obtained b and c, others did

not realise that b was obtained by identifying and adding two products and ¢ obtained by identifying and
adding three products. The value of a was nearly always obtained correctly.

Question 5

(a)

(b)

(c)

Successful candidates used differentiation or completing the square to find a minimum value. In
some responses there seemed to be some confusion between domain and range. Care had to be
taken to use > and not > as the inequality.

Candidates should be familiar with the shape of the graph of the exponential function. Those who
knew that e* > 0 found it straightforward to add 1 to that. Care had to be taken to use > and not >
as the inequality.

Some responses showed a good understanding of composite functions and obtained
(1+e* )2 +4(1+e* ). The majority of these did not realise that they had obtained a quadratic
equation in e?* and tried to find an expression for In x before finding e?*. Candidates who

successfully found x = %InZ often neglected to express their answer as a single logarithm as

required in the question and lost the final mark. Some candidates misunderstood composite
functions and obtained (1+ e )2 +4x and could not proceed.

Question 6

(a) (@)
(i)
(iii)

(b)

Most responses were correct.
This was not as well done as the first part but there were many correct responses.

Successful candidates had a clear plan to consider cases taking into account that 9 was both odd
and could be the first digit of a number greater than 60 000. Other responses tended to be
unstructured and unsuccessful.

Most candidates attempted to use the formula given on the formula list. The left-hand side was
usually correct but a common error was to use (n — 5)! rather than (n + 1 — 5)! in the denominator of
the right-hand side. Candidates who had n(n — 1)(n — 2)(n — 3) correctly on the right-hand side and
tried to obtain (n + 1)(n + 1)n(n — 1)(n — 2)(n — 3) on the left-hand side often omitted the n or one of
the (n + 1)s. Candidates would benefit from practice in the manipulation of algebraic factorials.
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Question 7

(a) (i) There was some confusion between displacement and distance and —10 was a common answer.
Some responses clearly related to a velocity—time graph as calculations were made to find the area
under the graph.

(i) Few responses showed an attempt to calculate gradients from the displacement—time graph. In
responses where constant speed was shown by horizontal lines it was usual to obtain the line at
velocity = 5 but not the one at velocity = -2.

(b) (i) Most candidates knew that they had to integrate and many did so correctly with some a factor of 2
out. Some responses did not include a constant of integration so could not use the given
information to find an expression for v. However, many good solutions were seen.

(ii) A good number of candidates proceeded from a correct previous part to obtain a correct integral.
An absence of a constant of integration in this part and/or the previous part meant some
candidates could go no further. Some candidates integrated their 5 from the previous part as 5x
rather than 5t.

Question 8

Candidates should be aware that the instruction not to use a calculator in either part means that they have to
be particularly careful to show all relevant working.

(a) Most candidates found x correctly showing full working for the rationalisation. Candidates who
calculated x first were usually more successful when calculating y as no further rationalisation was

required. Those who found y first sometimes found a difficult route, not realising that 2-/3 could
be cancelled. Repeated attempts at expansion and rationalisation then led to arithmetic errors and
miscopying from one line to the next.

(b) Most candidates knew what to do to find a stationary point. Sign and arithmetic errors were evident
in the subsequent manipulation and some candidates omitted the relevant rationalisation steps that
were required in a question where calculators could not be used. Care should be taken to express
the final answer in the form requested.

Question 9
(a)(i) Most candidates obtained the correct factors.
(i) Candidates who connected this question to the previous part usually went on to solve at least one
trigonometrical equation correctly. Very few, however, obtained a complete set of answers and

candidates should be advised on techniques for obtaining all solutions in range.

(b) Candidates should be aware of and learn fundamental trigonometric relationships that are not

included in the formula list. Lack of awareness that sec A = lost all the marks in this

question. Candidates who knew this usually went on to find the value of cos(2¢+%j . Most

responses employed the correct order of operations to find at least one value of ¢, but few

candidates realised how many solutions there were in the given range and should be advised on
techniques for obtaining all solutions in range.

Question 10

(a) Most candidates either used the sine of the half angle or the cosine of the angle correctly.
However, it was necessary to show an answer of 1.696 rounded to 1.70 to be clear where the
rounded answer had come from. Candidates should be advised that finding an angle in degrees
first was rarely successful.

(b) The length of the major arc was often calculated correctly but finding BC or AC was more
problematic. Many candidates did not recognise that the easiest method was to use the cosine rule
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for triangle OBC. Those who calculated the height of triangle ABC were less successful with the
two steps involved. A common misunderstanding was to believe that the angle OBC was a right
angle.

(c) Successful candidates had a clear plan and a clear idea of the calculations required. The area of
the major sector was often found correctly. It was often unclear what candidates intended to add to
the sector area with many adding both the area of triangle AOB and the area of the kite AOBC.
Others used an incorrect value of AC from the previous part. The wording of the question and the
diagram required careful reading.
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ADDITIONAL MATHEMATICS

Paper 0606/12
Paper 12

Key messages

Candidates should be aware that they may need to refer back to the previous part of a question to help them
with a solution. They should not rely on seeing the use of the word ‘Hence’ to indicate this. A check should
also be made to ensure that the demands of the question have been met fully and that solutions are in the
required form and to the required level of accuracy. Candidate should also know the formulae involving
permutations and combinations in terms of factorials.

General comments

It was pleasing to see that many candidates had been well prepared for this examination, showing a good
understanding of the syllabus. Most candidates were able to attempt all the questions, setting their solutions
out clearly. There appeared to be no timing issues or issues with insufficient working space. There were very
few scripts involving overwriting so the process of marking was not hindered by not being able to see a
candidate’s work clearly.

Comments on specific questions

Question 1

Most candidates were able to manipulate the indices correctly for the majority of the terms. Many correct
solutions were seen.

Question 2

(a)

(b)

A correctly shaped graph was produced by most candidates. Some candidates omitted to state the
intercepts of their graph with the coordinate axes.

Most candidates were able to obtain the correct critical values of —1 and g usually by

considering two linear equations obtained from the consideration of the modulus equation. This
was by far the most straightforward and quickest method, although squaring each side of the
modulus equation to obtain a quadratic equation was just as acceptable. It was expected that
candidates make use of their sketch in part (a) to help them decide on the correct range of values
using the critical values. It was evident that this was not done in many cases with answers such as

x<-1 x< g being all too common. Candidates should always be aware that they may need to

refer to a previous part in a question to help them with a solution.

Question 3

(a)

(b)

Most candidates were able to find the vector OP using a correct method. Any errors were usually
due to sign errors.

It was important that sufficient detail was shown in order to gain full marks. The mark allocation of
two marks should have alerted candidates to the fact that this part of the question could be done
within two or three lines. This was another example of where the work done in a previous part

should be used to help with a solution. Candidates had found vector OP in part (a) and the
intention was that the vector OP was found in a different form using the given ratio. The two

51 Cambridge Assessment
&P International Education © 2021



Cambridge International General Certificate of Secondary Education
0606 Additional Mathematics June 2021
Principal Examiner Report for Teachers

different expressions for OP could then be equated to obtain the given result. Many candidates did
use this method, whilst other candidates did obtain the given result by using less straightforward,
but equally correct, methods.

Question 4

Integration of the given equation to obtain an equation for 3_y was done correctly by most candidates, with
X

2
errors usually being in the value of the coefficient of (3x +2)3. Many candidates then attempted to find the

value of the arbitrary constant using the given conditions correctly, although some did not consider an
arbitrary constant at all. A second attempt at integration was made by most candidates, again with errors

5
being in the value of the coefficient of (3x +2)3. Many then attempted to find the value of a second arbitrary
constant. There were many correct solutions. It was important that the final answer was given in the form of
an equation as required. As some candidates did not do this, it highlights the need for candidates to check
that they have given their final answer in the form demanded in the question. Some candidates, having found

j_y went on to find the equation of a tangent rather than a curve.

Question 5

(a) Many completely correct solutions were seen, with candidates making the correct use of the
addition and subtraction rules for logarithms. The incorrect statement that
log, p+log,5—log, 4 = % was treated as an error which led to often a fortuitously ‘correct’
answer. )

(b) It was essential that candidates recognise the given equation as a ‘disguised quadratic equation’ in

3*. Many did just this and went on to find the only valid solution of x =-1. Some candidates

introduced their own variable for 3* which was perfectly acceptable as long as they remembered to
given their final solution in terms of x and not leave it in terms of their variable.

(c) Most candidates realised that a change of base for either one of the two terms on the left-hand side
of the equation was necessary. Most changes of base were correct, but some candidates were
unsure of the next step needed in the solution. Most success was had by those candidates who
again introduced their own variable and then obtained a quadratic equation in terms of this
variable, which they were able to use to obtain a correct final solution.

Question 6

It was essential that sufficient detail be given, in both parts of this question, to provide evidence that a
calculator had not been used.

(a) Most candidates attempted to differentiate to find j—i . Many correct derivatives were seen
although some candidates were unable to deal with the inclusion of surds in the terms, not treating
them as any other constant. The resulting equation was invariably equated to zero and a value for
x found. It was essential that evidence of rationalisation of this term be seen, with most candidates
doing exactly that. Many correct responses were seen. Some candidates used the fact that the
given equation was a quadratic equation and were able to state the x-coordinate of the stationary

point using the fact that ‘x = —21’ . This was equally acceptable and equally successful. Other
a

candidates misunderstood the demands of the question and equated y to zero and then attempted
to solve the resulting quadratic equation to find the x-coordinates of the intercepts on the x-axis.
This highlights the need to ensure that question is read carefully so that incorrect assumptions of
the demands are not made.

(b) All that was required in this part was a substitution of the value of x obtained in part (a) into the
original quadratic equation. Many candidates with a correct answer in part (a) gained full marks,
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provided sufficient detail of the substitution and resulting expansions has been seen. It was evident
that some candidates had checked their calculations when their answers did not match the
required form and made appropriate and correct amendments. For those candidates with an
incorrect solution to part (a) method marks were available. The fact that an answer in the required
form could not be obtained, should have prompted further checking of work in part (a).

Question 7

(a) (i)
(ii)

(iii)

(b)

Most candidates provided a correct answer.

Fewer correct answers were seen but many candidates were able to gain credit for recognising that
there were 5 ways of choosing the first position in the password and 4 ways of choosing the last

position in the password (or equivalent °P, ). It was essential that this was part of a product. Credit

was also given if it was recognised that there were 360 or °P, ways of choosing the remaining
positions, again provided that this was part of a product.

Many correct solutions were seen with most recognising that there were 3! (or equivalent) ways of
choosing the first three places and °P, or 60 ways of choosing the remaining places.

Many candidates were able to obtain a correct solution provided they were able initially to write
down the given information in terms of combinations and then in terms using factorials. Some
errors were made with the positioning of the 6, but method marks were available for correct
simplification of the algebraic factorials to obtain n. It is essential that candidates be familiar with
the formulae for combinations in terms of factorials. Little progress can be made otherwise, in
questions of this type.

Question 8

(a)

(b)
(c)

Provided it was recognised that y = Ax” can be written in the form Igy =IgA+blgx with this form

being subsequently used correctly, candidates obtained correct solutions. Some chose to make
use of the gradient of the straight line as a starting point with others forming two simultaneous
equations in terms of b and IgA. Most errors occurred with incorrect substitutions, the incorrect

matching of the gradient to b and incorrect use of IgA.

Most candidates were able to make correct use of their values for A and b obtained in part (a).

Most candidates were able to make correct use of their values for A and b obtained in part (a).

Question 9

(a)

(b) (i)

(ii)

(c)

Many correct solutions were seen. Errors were usually arithmetic or errors in signs. A few
candidates, having obtained a correct solution of 19.1 for their quadratic equation, sometimes gave
a response of 19 rather than 20. It was important that the statement n =20 be seen or implied in a
sentence. Quite a few candidates gave answers such as n =20 or n > 20. This highlights the
need for candidates to ensure that they have given their answer in the correct form.

A correct common ratio was given by the majority of candidates. Errors were usually of the type
r=413.

Most candidates were able to find the first term of the progression and continue of to find the
correct answer in the required form. There were other valid methods which were equally

successful. Some candidates did not realise that % could be written as 37 and hence gave their

answer in decimal form.

It was essential that the common ratio be identified as sind. The demand of the question requires
an explanation, and this was deemed to be the first part of the explanation. It was then necessary
for candidates to state that for the values of 8 given |sin 0| <1, or equivalent, with no incorrect

statements, so the geometric progression had a sum to infinity. Many candidates were able to
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identify the correct common ratio but did not give enough further explanation with too many
candidates stating incorrectly that sing < 1.

Question 10

(a)

(b) (i)

(ii)

Most candidates dealt correctly with cosec’a and sec? &, going on to obtain the equation

1 1
—+
sina coso
However, many candidates did obtain the correct equation of tana = —1. This equation could be
obtained by making use of the appropriate trigonometric identities and subsequent simplification, a
far lengthier method, more prone to errors being made, but as equally valid. Some candidates
obtained quadratic equations by squaring an equation in sin and cos«, but then ended up with
extra solutions which were not discounted. It was pleasing to see many correct solutions for this
part of the question.

=0. Some errors then occurred with candidates simplifying this equation incorrectly.

It was essential that necessary detail be shown. It was intended that candidates start with the left-
hand side of the expression and simplify it, showing each relevant step, in order to end up with the
term on the right-hand side of the expression. The steps that needed to be shown were, dealing

with the fractions correctly together with an expansion of (1-sin 49)2, followed by the use of the

trigonometric identity sin? @+ cos? 8 =1. A simplification of the terms in the numerator together with
evidence of factorising to obtain a common factor in both the numerator and denominator was the

penultimate step to obtain 2 P =2secd. This penultimate step was not shown by many
cos

candidates. There were other equally valid and acceptable methods seen, but these were far less
common.

Most candidates made the link with the work done in part (i), obtaining the equation cos3¢ = %

Most of these candidates were then able to solve this equation to obtain at least one correct
solution and often all three correct solutions. Errors occurred usually with candidates solving the

equation cos¢ = % not taking into account the multiple angle.

Question 11

This was an unstructured question which was intended to test the problem-solving skills of the candidates.

Most candidates realised that they needed to differentiate the given equation using the quotient rule. Most
errors occurred when the candidates were unable to differentiate In(x2 + 2) correctly. This did not stop

further method marks being available provided a correct process was seen. Many correct methods were
seen, with any errors usually being arithmetic or due to incorrect signs. Some candidates found the equation
of the tangent rather than the normal and other candidates found the correct equation for the normal but
found the coordinates of the point where the curve meets the x-axis.
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ADDITIONAL MATHEMATICS

Paper 0606/13
Paper 13

Key messages

Candidates should ensure that they have read each question carefully, made sure that the demand of the
question is met and then given their answers in the required form and to the appropriate level of accuracy.
When a diagram is given, it should be used and referred to in all parts of the question, not just the first part of
a question. Candidates should also be aware that their answers to previous parts may sometimes be needed
to help with a solution, even if the word ‘Hence’ is not used. The word ‘hence’ usually means that the answer
to the previous question part be used so that a specific method of solution is adopted.

General comments

A good understanding of the syllabus was shown by many candidates who had clearly worked hard and
revised well in preparation for the examination. It was, however, also evident that some candidates were
clearly unprepared with many of these candidates leaving many questions unattempted.

Comments on specific questions

Question 1

Most candidates realised that they needed to make use of the discriminant of the quadratic equation. Some
errors occurred when dealing with the constant. Whilst correct critical values were obtained by many, few
candidates were able to form the correct inequalities.

Question 2

(a) The majority of candidates attempted to differentiate a product, usually obtaining a correct solution.
Errors usually concerned the power of the derived exponential term.

(b) (i) Many correct responses were seen, showing a good understanding and application of the chain
rule.

(ii) Use of the answer to part (i) was expected. Few candidates successfully made the connection with
part (i) in spite of the word ‘Hence’. Candidates are expected to know that integration is the
reverse process of differentiation. Of those candidates that integrated correctly, most applied the
limits correctly. Some answers were given to 2 significant figures only. Answers to 3 significant
figures are expected unless otherwise stated.

Question 3

Use of the correct trigonometric identity was made by most candidates. Many then continued to obtain a
quadratic equation in terms of cotd. Some candidates made errors in the solution of this quadratic equation,
usually incorrect signs in the linear factors obtained. It was intended that the answers be given in radians as
implied by the given range and many candidates identified both a positive and negative angle. Some
candidates still chose to give their responses in degrees. Again, the correct level of accuracy was not applied
by some, with 2 significant figure solutions being given.
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Question 4

(a) Most candidates obtained a correct term of 64. There were varying degrees of success with the
other two terms required. Errors were usually either sign errors or errors in simplification. Some
candidates did not attempt to simplify the terms in their expansion, highlighting the need for a
check that the final answer is given in the form specified in the question.

(b) Few correct solutions were seen and many candidates did not attempt this part of the question.
Although use of the answer to part (i) was required, candidates also obtained credit for the correct

2
expansion of (3—%) .
X

Question 5

Many correct and partially correct solutions were seen, with most making use of the relationship

e’ = mx® +¢. Most candidates chose to find the gradient of the straight line, equate it to m and then use it
correctly to find the value of c. Misuse of the laws of logarithms prevented some candidates obtaining full
marks.

Question 6

(a) Most candidates recognised that an equilateral triangle was involved and were able to write down
the correct angle straightaway. Others made use of the cosine rule to obtain the correct angle. It
was pleasing to see that answers were given in radians.

(b) Many correct responses were seen with candidates recognising the need to use an arc length.

(c) Although there were quite a few completely correct solutions, some candidates made errors with
the lengths used when calculating the area of the triangle OAB and the area of the sector ODC.
Careful reference to the diagram may have prevented these errors.

Question 7

(a) (i) Recognition that there are 4 places left to fill and 8 people available to fill them meant that a correct
response was obtained by most candidates.

(i) Fewer correct responses were given. Most candidates chose to attempt to find the number of ways
there were at least 2 teachers on the committee by considering the cases when there were 2
teachers, 3 teachers, 4 teachers and 5 teachers separately. There were varying levels of success
using this method. Very few candidates chose to consider the alternative method. This was the
recognition that there had to be at least 1 teacher on the committee anyway due to the total
number of teachers involved. It was then just a case of subtracting this number (5) from the total
number of ways the committee could be formed.

(b) It was necessary that candidates know the correct formula involving permutations. Of those that
did, many obtained the correct solution by simplifying the factorial terms correctly.

Question 8

This was one of the more demanding questions on the paper, and few correct solutions were seen.

(a) It was essential that the value of b be calculated first, making use of the given period of the
function. Two simultaneous equations involving a and ¢ could then be formed making use of the

intercept on the y-axis and the given coordinates of the point R.

(b) Few correct responses were seen. It was expected that either symmetry or consideration of the
equation of the curve equated to zero and solved, be used.

(c) Very few correct responses were seen. It was expected that use of symmetry and reference to the
given diagram be made to find the coordinates of the minimum point.
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Question 9

(a)

(b)

(c)

Most candidates were able to give the equation of the curve in the correct expanded out form. This
demand was made in order to guide candidates as to what was required next, that is, the use of
differentiation to obtain the coordinates of the stationary points. Many candidates did just this, but
there were quite a few who did not recognise that differentiation was needed and attempted to find
the points where the curve met the x-axis. Many correct responses were seen although there were

some errors in the calculation of the y- coordinate at the point where x = —%.

Although very few completely correct curves were sketched, most candidates were able to obtain
marks for correct intercepts, basic shape and a maximum point in the second quadrant of the
graph. Few were able to distinguish between the necessity of having a cusp at the point where

x =—2 and a minimum stationary point at the point where x =2.

Use of the graph in part (b) and consideration of the y-coordinates obtained in part (a) were
required. Candidates should be prepared to make use of work covered in previous parts even if the
word ‘Hence’ is not used in the question part demand. Very few correct solutions were seen.

Question 10

(a)

(b)
(c)

The mark allocation of this question part should have alerted candidates to the fact that the answer
could not be written down straightaway. Candidates were intended to find the vector OD in terms
of a, ¢ and h, as a starting point. Use of the fact that OF = hOD together with the fact that

OD + DE = OE would lead to the required response. There were quite a few correct responses
from using this approach.

Many correct responses were obtained using the triangle DBE and the given ratio.
It was intended that the vector obtained in parts (a) and (b) be equated and then like vectors

considered. Few correct solutions were seen but many candidates obtained credit for a correct
approach.

Question 11

(a)

(b)

Most candidates were able to obtain the correct coordinates of one point of intersection using
x+2y =10 and x+y =2. Fewer candidates were able to find the correct coordinates for the
second point of intersection. The error made by most candidates was in the interpretation of
|x+ y| = 2. The two equations to be used were x+y =2 and x+ y =-2. Although few correct

points of intersection were seen most candidates were able to gain credit for using a correct
approach with their sets of coordinates. However, some candidates made incorrect use of the
coordinates of the point C, highlighting the need to read the information given in the question
carefully.

Very few correct solutions were seen. It was expected that candidates would draw a diagram of the
situation to help visualise the positions of all the lines and points together with the mid-point of the
line AB. The possible positions of D could then be calculated using displacement vectors or a
similar approach.
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ADDITIONAL MATHEMATICS

Paper 0606/21
Paper 21

Key messages

In order to do well in this paper, candidates need to show full and clear methods in order that marks can be
awarded. In questions where the final answer is required in a given form candidates should be aware that full
credit cannot be awarded for otherwise fully correct work unless this is done. Candidates should be aware of
the general guidance on the cover sheet and ensure that all answers are given to the accuracy indicated. In
questions where the answer is given, candidates are required to show that it is correct and fully explained
solutions with all method steps shown are needed. Repeating information given in the question cannot be
credited. In such questions candidates are encouraged to use consistent notation such as using the same
variable throughout a solution and should avoid replacing a function of a variable with the variable itself. In
questions that state that a calculator should not be used, omitting method steps often results in full credit not
being given for a solution. Combining the steps directly into a simplified form, such as that produced by a
calculator, cannot be credited. In questions that require a solution of several steps, clearly structured and
logical solutions are more likely to gain credit. Candidates should be encouraged to write down any general
formula they are using as this reduces errors and is likely to improve the accuracy of their solutions. In
particular, method marks cannot be given for solving an incorrect equation when the solutions are taken
directly from a calculator without showing any working. When a graph is required it should be completed in
full and as accurately as possible with some labelling to support the sketch.

General comments

Some candidates produced high quality work displaying wide-ranging mathematical skills, with well-
presented, clearly organised answers. This meant that solutions were generally clear to follow. Other
candidates produced solutions with a lot of unlinked working, often resulting in little or no credit being given.
More credit was likely to be given when a clear sequence of steps was evident.

Several questions were unstructured and candidates needed to plan their method carefully. There were
many good solutions to these questions. Some candidates wrote down a few relevant steps but did not link
them together.

Questions which required the knowledge of standard methods were done well. Candidates had the
opportunity to demonstrate their ability with these methods in many questions. Most candidates showed
some knowledge and application of technique. The maijority of candidates attempted most questions,
demonstrating a full range of abilities.

Some candidates needed to take more care when reading questions and keep their working relevant in order
to improve their solutions. Candidates should also read the question carefully to ensure that, when a
question requests the answer in a particular form, they give the answer in that form. This is particularly the
case when the question states that an exact answer is required. Candidates should ensure also that each
part of a question is answered and the answer clearly identified. When a candidate uses the blank page or
an additional booklet they should make it clear which question their work relates to. It is not possible in most
cases to connect work otherwise to a specific question which can lead to the loss of potential credit. When a
question demands that a specific method is used, candidates must realise that little or no credit will be given
for the use of a different method. They should also be aware of the need to use the appropriate form of angle
measure within a question. When a question indicates that a calculator should not be used, candidates must
realise that clear and complete method steps should be shown and that the sight of values clearly found from
a calculator will result in the loss of marks.
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Candidates should take care with the accuracy of their answers. Centres are advised to remind candidates of
the rubric printed on the front page of the examination paper, which clearly states the requirements for this
paper. Candidates need to ensure that their working values are of a greater accuracy than is required in their
final answer.

Candidates should be advised that any work they wish to delete should be crossed through with a single line
so that it can still be read. There are occasions when such work may be marked and it can only be marked
when it is readable. Where a candidate feels they have made an error but is unable to offer any alternative
work they are advised not to cross out their work to aid legibility. Rubbing work out then writing over it can
sometimes lead to examiners being unable to read clearly the intended work.

Comments on specific questions

Question 1

(a) This was well done by the vast majority of candidates and most answers were given in the correct
form. This form was specified in the question and writing the values of a and b alone was
insufficient to gain full credit. Many incorrect solutions gained some credit by having the answer
partially correct.

(b) This question indicated that the previous answer should be used and so credit was only applied
where the coordinates followed on from that. Some candidates were confused and simply gave the
minimum value rather than the coordinates of the minimum point.

Question 2

Most candidates were able to calculate the gradient of the required line correctly and in many cases the
intercept also. Some candidates treated the coordinates as values of x and y rather than Inx and Iny. Having
found these values correctly many candidates were able to continue to a correct relationship between Iny
and In x and rearrange this to the required form. Some final answers included + rather than x despite the
form stated in the question. A popular alternative involved rewriting the given equation into log form and then
equating the gradient and intercept accordingly. Candidates who followed this method were most likely not to
state their final answer in the required form and thus did not complete their solution.

Question 3

(a) Success was most commonly achieved by candidates who squared both sides and worked on the
resulting quadratic. These candidates tended to solve the equation and then consider the
inequality. Those writing down the two possible linear equations indicated by the modulus
statement often made an inequality error somewhere which they occasionally attempted to correct
without justification. A not uncommon error was to attempt to combine two correct inequalities into
a single one.

(b) Those candidates who replaced Jx with another variable were almost always successful, most

commonly by factorisation. A few treated the equation as a quadratic in Jx with similar success
provided they realised that their solutions needed to be squared. Many false attempts were seen
involving manipulation of the equation in its given form, or by squaring each term individually. It
was possible to rearrange the equation by taking 1 t/x across to the other side and then squaring
correctly but this was often incorrect at the next step by squaring 2x and 12 separately.

Question 4
(a) While many candidates were able to write down the value of a correctly there was relatively little

success with finding b. The common error was to take the period of the tangent function as 360°
instead of 180°.
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(b) It was very rare to see a completely correct sketch. The vast majority of candidates did not seem to
be aware of the shape of a tangent curve with a mixture of quadratic, sine and cosine curves most
common, or no attempt at all. Of those who drew something resembling a tangent curve the
number of branches was frequently too many or at best a two branch curve displaced. For those
who had an approximate correct shape a little more attention to detail would have helped when
considering the positions of key points. No points were requested by the question but labelling
could help in those cases where accuracy was in doubt. Those candidates who attempted to plot
points often produced a curve whose shape was not good enough.

Question 5

The method of finding the perpendicular bisector of the line joining two points was well understood, and full
marks were often obtained. What seemed to present a difficulty for some candidates was finding the point A
before this could be done. Whilst some accomplished this in a few brief steps others filled much of the
answer space with inaccurate algebra. Some candidates wrote down the coordinates correctly but without
justification which led to full marks being unavailable. In all cases where the correct coordinates were found it
was still possible to proceed correctly to the equation required. In a few cases the equation of the
perpendicular through A was found instead of that through the mid-point of OA and a few other candidates
found the equation of the line rather than the perpendicular. Candidates should also note that finding the
equation of the line itself was unnecessary and time consuming.

Question 6

The general method for this question was to find the derivative of y and then use the approximation

g—y ~ 3_y This was well understood by the majority of candidates. Execution of the method proved much
X X

more challenging, especially with regards to accurate differentiation. Most candidates correctly differentiated
X X
e? to get %eZ or at least a multiple of this. Similarly many candidates knew that the derivative of cos 2x

was a multiple of sin2x. Application of the product rule was usually accurate if attempted. This was only the
case for a minority of candidates. The final step required the substitution of x = 1 into the derivative and
multiplication of this by h. This was an example of a question where the substitution had to be clearly seen.
Correct method was not implied by follow through values that were unsupported by method. Candidates
should also have noted that x was given in radians, as degrees were often erroneously applied.

Question 7

This question was well done by the majority of candidates. The most successful method was to first eliminate
y from the two given equations and then to set the discriminant of this quadratic in x to zero to lead to a
quadratic in k. Eliminating x was also seen but with much less success due to the added complexity of the
algebra required. It was also possible to equate gradients to form a connection between x and k and then
substitute back into the original equation(s). This was seen occasionally but with mixed success, often
stopping at the stage of equating gradients. Some candidates lost the final mark here by giving their answer
immediately in decimal rather than exact form. On this occasion converting the exact form to decimals was
not penalised but candidates should be careful to follow the requirements of the question. As has been
reported in previous years, it is advisable to quote the quadratic formula before using it to reduce the risk of
incorrect substitution.

Question 8

(a) (i) There were some good explanations here involving the validity of logs of negative values and zero.
Many candidates had some idea of this but frequently only considered negative values or zero but
not both. Others offered only manipulation of logs with no conclusion.

(ii) Candidates were fairly evenly split between those who applied the laws of logarithms correctly to
arrive at a quadratic equation in y and those who erred immediately by misapplying the division
rule. Of those who formed the correct quadratic a significant number either did not give an exact
solution or gave two solutions. Careful reading of the question should have indicated that a single
exact answer was expected.
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(b) This question required at least four logarithm rules to be applied. These could be done in a variety
of orders but the key was the answer needed to be in terms of log,9 and therefore work in other
bases only became worthy of credit when converted. Similarly, work which dealt with only part of
the expression needed to be included in the full expression to be meaningful. There were several
completely correct solutions. Some of these were concise while others took a little longer often
combining log terms only to break them back into separate logs later. Many candidates managed to
use the change of base rule appropriately then made the error of adding logs within the second

term. Others dealt with log, Jb correctly and made no further progress. Candidates should be
careful with their general arithmetic as this could prevent good log work being credited — in
log, 9 log, 9

; .

2

particular when became

Question 9

There were a significant number of completely correct and clear solutions here. This was another question
where candidates needed to carry out multiple steps without guidance. Only a relatively small number of
candidates made no attempt and a similar number ignored the calculus implied in the question and treated it
as a coordinate geometry question in error. Most candidates realised the need to differentiate twice and to
use the values given in order to find the constant of integration at each stage. Most of these were aware that
the integral of sin involved cos and vice versa. The difficulty many had was in accurately applying this and
sign and coefficient errors or both were not uncommon. Not including the constant of integration at either
stage had the effect of rendering further work meaningless and candidates should have considered why the

coordinates and value of 3_y had been given.
X

Question 10

(a) Most candidates had some idea of where to start here and there were many fully correct solutions.

Some candidates could correctly find the vector AB and many could also find the modulus
correctly. There were those who stopped at this point without combining to find the unit vector. It
was not uncommon for candidates to add rather than subtract vectors but there was still scope for
these candidates to demonstrate their other knowledge.

(b) Many answers involved very circuitous routes to finding A. The most successful method was to
find the mid-point as if this was a coordinate geometry question. Candidates might also be
reminded of the usefulness of a clear diagram in such a situation as this.

(c) This proved to be the most challenging part of the question. There were very few completely
correct solutions and many candidates did not score or left the answer space blank. Perhaps the

most straightforward method was to write OF = ﬁO—D and set the y component to —3. There
+

were many other possible methods involving similar triangles or coordinate geometry. Common
errors were to use 2 + 4 or to multiply by 1 + 4. Other common errors were to consider the x
component or to set the y component to zero.

Question 11

(a) (i) This part proved challenging to many candidates. Some managed to gain partial credit and there
were a number of completely correct solutions using a variety of methods. The three terms of the
arithmetic progression were fairly readily identified, and their connection to the terms of the
geometric progression established, although occasionally the same symbol, a, was wrongly used in
both. Forming and solving appropriate equations seemed to be the most challenging task. Perhaps
the more standard method of equating common ratios was the most successful. Some used the
square of the ratio also which could lead to a cubic equation which was not always successfully
solved. An unusual method used by a few candidates was to realise that the ratio of the differences
between successive terms was also equal to r which led to a concise and simpler solution if carried
through correctly. Attempts sometimes filled the answer space and overflowed elsewhere with
much algebra which was difficult to follow. Some circular arguments were seen involving an initial
assumption of the relationship to be shown.

[5%4 Cambridge Assessment
%} International Education © 2021



Cambridge International General Certificate of Secondary Education
0606 Additional Mathematics June 2021
Principal Examiner Report for Teachers

(ii)  Nearly all candidates recognised that they were given the first term and common difference and
substituted them into the formula for the sum of an arithmetic progression with few making errors in
calculation.

(b) (i) It was relatively straightforward for candidates to realise from the data given that both the first term
and common ratio of the geometric progression were 6 and they may have had these values as
part of their solution to part (a)(i). Consequently there were many correct answers. A common
error was to use the first term as 1 confusing it with the arithmetic progression.

(ii) Most candidates knew that the key was something to do with the value of the common ratio and
many realised that as r was greater than 1 the sum to infinity did not exist, which was sufficient.
Some answered by referring to the general condition instead. Occasionally candidates made the
correct comparison then said that the sum did exist. Some also appeared to think that the sum to
infinity of a geometric progression could not be negative and based their response on this.

Question 12

Many candidates realised the need to find the coordinates of A, B and C and that integrating the given curve
might be required in order to find an area. Consequently many candidates gained partial marks and provided
these points were found correctly some candidates managed to follow a method which led to the correct
answer. This was a small proportion as this question proved very challenging. It is advisable in questions like
this to partition the diagram in order to see which sections might need to be added or subtracted before
attempting manipulation.

Often candidates used most of the answer space in long methods to find the required coordinates when B
and A could actually be written down using the given factorised form for the curve and symmetry
respectively. Instead the brackets were frequently expanded, rearranged, then factorised again. A was often
found via the maximum point involving calculus or completing the square. There were more errors in finding
C. The frequently seen method was to combine the two equations, one in terms of x and the other in terms of
k. This usually led to the candidate using the discriminant, with k = 12 a common solution. Many used this
value as a limit for integration disregarding the fact that this was greater than 9, the x-coordinate for B.

When integrating, a number of candidates decided that the coefficient of x* should be positive and therefore
integrated a different curve to the one given, which was not condoned. There were many variations on how
to find the required area, some of which were very elaborate and frequently incorrect. The most concise
method was to find the area of the rectangle with opposite corners at A and C and add this to the area under
the curve to the right of this.
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ADDITIONAL MATHEMATICS

Paper 0606/22
Paper 22

Key messages

To do well in this paper, candidates should read each question carefully and identify any key words or
phrases, making sure they answer each question fully. Candidates need to be aware of instructions in
questions, such as ‘Show that...’. Such instructions mean that when a solution is incomplete, often through
calculator use, a significant loss of marks will result. In questions directly assessing the solving of
simultaneous equations, candidates should show the necessary method step of eliminating an unknown.
When the simultaneous equations are both linear, candidates should not rely on calculators for this step.
Candidates should be encouraged to use their calculator to check solutions for such questions. Sufficient
method needs to be shown so that marks can be awarded. When values are incorrect and the method from
which they arise is not seen, marks cannot be given. Candidates need to take care to ensure that their
calculator is in the appropriate mode when working with trigonometric expressions. In questions assessing
circular measure, converting angles to degrees is unnecessary and introduces more opportunity for error.

General comments

A good proportion of candidates demonstrated knowledge and understanding of mathematical techniques
and were able to interpret and communicate well mathematically. This was particularly the case in
Questions 1, 3, 4, 8 and 9. Some candidates may have improved if they had a better understanding of the
necessity to use bracketing, or correct ordering of terms in a product, to ensure correct, unambiguous
mathematical form. For example, in Question 12(b) brackets were needed around the argument of the
logarithm as it was a binomial expression. Candidates found questions where they needed to apply problem-
solving skills more challenging, for example Questions 6(b)(iii) and 13(b)(ii).

Candidates who wrote answers in pencil and then overwrote them in pen should be aware that this made
their work difficult to interpret. Candidates who wrote answers elsewhere usually added a note in their script
to indicate that their answer was written, or continued, on another page. This was very helpful. The
presentation of work was often clear and good.

Showing clear and complete method for every step in a solution was essential for questions where
candidates were asked to ‘Show that...” a result was of a particular form. This instruction indicated that the
marks would be awarded for the method as the end result had been given. Candidates needed to
understand that, when showing these results to be true, they need to generate the mathematics to arrive at
each result and not use the information given as an assumed part of their solution. The need for this was
highlighted in Questions 10(b)(ii) and 11(a) in this examination. However, the key word ‘Verify...” in
Question 12(a)(ii) indicated that they could and should use the information they were given to demonstrate
that the result under consideration was correct.

Candidates seemed to have sufficient time to attempt all questions within their capability.

Comments on specific questions

Question 1

Many candidates found this to be an accessible start to the paper. Most candidates applied the binomial
theorem, as required, and were also able to simplify the terms correctly. A few candidates made errors when
dealing with the powers of e and a few others omitted to sum the terms, simply stating a list. A small

number of candidates omitted to include the term (e*)".
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Question 2

It was expected that candidates would draw a graph showing all the key features of the cubic function given,
including the end behaviour. A good proportion of candidates drew sufficiently accurate curves and also
marked the y-intercept and the three roots correctly. A few candidates drew only the section of the curve for
-2 < x < 3, which was not condoned as the end behaviour was not indicated. A small number of candidates
omitted or miscalculated the y-intercept, with 6 and 3 commonly seen in these cases. A few others omitted to
show at least one of the roots, commonly x = 1. Weaker responses had graphs that were ruled in sections or
that had incorrect orientation. Very few candidates offered a graph that was not accepted as an attempt at a
sketch of a cubic function.

Question 3

Most candidates identified the consideration of the discriminant as the appropriate technique to solve this
problem. Many candidates were sufficiently careful with the algebraic manipulation needed and were able to
find the correct critical values. A few candidates went on to compose a correct answer. The incorrect answer
—2.5 < k < 2 was quite common. It seems that these candidates misinterpreted the case where roots are real
and equal as being a single root rather than a repeated root. Other candidates either stated an incorrect pair
of inequalities or simply ended their solution with k = 2 and k = —2.5. Some candidates wrote a correct
answer but spoiled it by then stating k= -2, -1, 0, 1, 2. A small number of candidates gave a final answer in
x rather than k, which was not condoned. A few candidates would have improved if they had taken a little
more care in dealing with the initial expression, as sign errors and arithmetic errors were common in weaker
responses.

Question 4

Many candidates correctly applied the factor and remainder theorems and quickly formed a correct pair of
linear simultaneous equations. A good proportion of these went on to solve these to find m and n correctly
and then show that p(2) = 0. A few candidates would have improved if they had taken care to include all the

information in their initial steps as, sometimes, they wrote p(%) but omitted ‘= 0’ and occasionally this was

not recovered by sight of a correct, simplified version of the equation. Whilst it is not recommended, the
elimination of the unknown could be implied in this question as it was not the main technique being
assessed. However, candidates who had incorrect equations or who gave incorrect values from correct
equations, with no method shown in each case, lost more marks than those who had shown their method.
Weaker responses often contained sign or arithmetic slips and presentation was sometimes poor. A few
candidates showed that x — 2 was a factor using division or by factorising p(x). Whilst these were acceptable
approaches, they were more prone to error. A small number of candidates formed an equation using p(2) =0
and used this as one of their linear equations to find m and n. This was not permitted as it was circular
reasoning.

Question 5

(a) A good number of correct responses were seen. Common incorrect answers were -2, —1, % or 2.

(b) Again, a good proportion of responses were fully correct. A few candidates gave the answer 3z
only, which earned partial credit, as the function was clearly defined for a domain in degrees. A

small number of candidates calculated 360 x %

(c) Many excellent and very neat graphs were drawn over the whole domain. Many candidates marked
key points to assist them with their sketches. Mostly this seemed to be helpful, although on
occasion, points were mis-plotted and no credit could be given for the resulting shape. Some
graphs were very parabolic and others very straight. A few candidates earned a mark for the
correct period after sketching a graph that was not sufficiently cosinusoidal or that had an incorrect
midline or amplitude, for example. A small number of candidates earned partial credit for a correct
graph for 0° < x < 540°.
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Question 6

(a)

(b)

(i)

(ii)

(iif)

This part of the question was well answered. Most candidates applied the correct distance formula
for two points in coordinate form. Most of these went on to state an acceptable form of the answer.
Occasionally, candidates mis-recalled the distance formula, not understanding its basis in
Pythagoras’ theorem. These candidates may have improved if they had made a simple sketch and
used Pythagoras’ theorem directly with the x and y distances 6 and 10, respectively. A few

candidates left their answer as /136 , which was not condoned for the accuracy mark, or
incorrectly rounded to 11.6.

A very good number of correct answers were seen for this part. It was expected that candidates

would use the simplest method which was to find 6 or similar. However, some candidates

found the equation of the line AC and then solved for y when x was 8. Whilst a correct method, this
more roundabout approach was more likely to result in an error.

Again, a good number of fully correct answers were seen. Many candidates were able to deduce
that the correct procedure was to find the gradient of AC and then use the fact that the diagonals of
a square are perpendicular to each other. Many candidates gave the answer in point/gradient form
whilst many others used gradient/intercept form. Any correct form was acceptable but x and y both
had to be present. Weaker responses sometimes omitted the y with BD = ... being common in
these cases. Some candidates assumed that the sides of the square were parallel to the
coordinate axes. These candidates usually stated that B(11, —4) and D(5, 6) or vice versa and used
these incorrect points to find the gradient of BD. A simple sketch may have helped these
candidates notice that the shape drawn was a rectangle and not a square.

Candidates found this part to be quite challenging. The simplest solutions involved using the

perpendicular gradient found in the previous part of the question. Candidates who had assumed
the sides of the square to be vertical in the previous part continued to do so here. In fact, many

-3
who had not made this assumption earlier did so in this part and stated the incorrect vectors [ j

3
and ( 5]. A few candidates gave the answers —5i + 3j and 5i — 3], which gained only partial credit

as the question demanded that the answers be given as column vectors.

Question 7

Candidates are advised to keep their working values as accurate as possible in questions assessing circular
measure. It is better to keep calculations in exact form for method and only round to 3 significant figures for
the final value. This ensures accurate final answers and reduces the likelihood of making a premature
approximation error, as was seen on occasion in both parts of this question. Whilst it is not recommended
that candidates work in degrees in questions assessing circular measure, it is essential that candidates make
sure that they have their calculator set to the correct mode for their choice of angle. Occasionally it was clear
that candidates had used the wrong mode.

(a)

The maijority of candidates used a correct strategy and attempted to sum the arc length and the
length of the two tangents. Most of these showed full method and earned both the method marks.
Some candidates prematurely rounded their working values and lost the accuracy mark. Most
candidates were able to find the arc length correctly, although some candidates who converted to
degrees did so incorrectly. A few candidates were not taking advantage of the simple form for the

n
arc length when the angle given was in radians. Calculations such as Zix 2xnx18 were not

T

uncommon and more prone to error. A few candidates struggled to find the length of the tangent.
Those who were using basic trigonometry were most successful, although some thought the
tangent was the hypotenuse and used an incorrect ratio. A few candidates used the sine rule but
some were unable to find angle BCA correctly. Weaker responses often showed the sum of the arc
and one tangent.
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(b) Again, many candidates used a correct strategy and attempted to subtract the area of the sector
from the area of the kite. Many did this correctly. Those who used rounded working values or an
unsimplified formula for the arc length in the previous part usually continued in a similar way in this
part. The use of rounded values more commonly resulted in an inaccurate final answer in this part
of the question. Some candidates needed to take a little more care with their strategy as, on
occasion, candidates doubled the area of the kite, thinking it was the area of one of the right-angled

triangles. Candidates who used %bc sin A sometimes needed to take more care over which sides

and angles were required for this formula.
Question 8

(a) A good proportion of fully correct answers were seen to this kinematics problem. Most candidates
were able to solve v = 0 to find the two times at which the particle was at instantaneous rest. Many
candidates were also able to deduce the need to integrate to find an expression for the
displacement and many of these then used it correctly. A very good proportion of these understood
that, whilst displacement can be signed, distance is not a vector quantity and is positive. These
candidates were generally fully correct. Other candidates may have improved if they had
understood the relationship between velocity and displacement, as some differentiated in this part.
A few candidates found a non-zero constant of integration and this was not condoned. Some
candidates omitted to show sufficient method to earn full credit. These candidates may have
improved if they had realised that the substitution of the limits into the integral is a necessary
method step and should be shown. A few candidates found the displacements 112 and 108 and
offered those as their answer, misinterpreting what was needed.

(b) Again, this was generally well answered. A few candidates spoiled an otherwise correct solution by
stating a positive final answer. This was not condoned. Those candidates who differentiated in
part (a) usually integrated in this part.

Question 9

In this question, candidates needed to solve a pair of simultaneous equations. The key step in such a
solution is the elimination of one unknown. This is a necessary step in the method and should always be
shown clearly in order for credit to be given. Many candidates were successful and gave neat and logical
solutions. The majority of candidates rearranged the equation xy + 4 = 0 to make either x or y the subject
and then substituted into the equation 4x° + 3xy + y2 = 8. This needed to be done with care as brackets were
needed for correct mathematical form. The equation that resulted needed to be manipulated correctly into a
form that was either a quadratic in x* or a quadratic in y2 ready to be solved. Many candidates were able to
carry out the algebra needed, often replacing X* or y2 with u or ¢, for example, which simplified the work.
Those candidates who used substitutions such as y = X2 or y= y2 often confused themselves and did not
recover. Some candidates would have improved if they had taken a little more care with signs or with
ensuring that all terms in their equation were included in their manipulation. For example, candidates who
multiplied all terms by X2 or y2 sometimes omitted to include the 8 on the right-hand side of the equation in
this step. A good number of candidates who managed to find a correct form of the equation went on to find
all the solutions, although a few only gave the positive values, or incorrectly rejected the negative values, at
this point. A few candidates made spurious attempts to solve. These commonly had not rearranged to the
standard form ax? +bx +c¢ =0, but had, for example, x* (x* — 5) = —4 which then, incorrectly, became x* = -4

and X* — 5 =—4. It was important that the values of x and y that had been found were correctly paired and
candidates who did not do this were penalised.

A small proportion of candidates used approaches that relied on a great deal of correct algebraic
manipulation being carried out prior to any elimination being seen. These methods increased the chances of
an error being made and so are not generally recommended, even though the algebra used was often skilful.
Mostly, these methods involved substituting xy = —4 into the first equation in some way, in order to create
expressions in x and y for which the candidate could complete the square or an expression in x and y that
could be factorised. Sometimes the equations that resulted were quadratic and sometimes they were linear.
In all cases, including the linear equations, the key step of eliminating an unknown had to be seen for credit
to be given. Candidates who relied on their calculator to solve linear equations at this stage may have
improved if they had understood the instructions on the front of the examination paper indicating that all
necessary method must be shown.
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Question 10

(a)

(b) (i)

(ii)

Some concise, correct responses were seen to this part. The simplest approach was to rewrite the
integrand as e**® or e’e¥, and then integrate. A few candidates multiplied by 3 rather than %
This was condoned for partial credit on this occasion as the initial manipulation had been carried
out correctly and the power had not been changed. Many candidates omitted a constant of
integration. This was also condoned on this occasion. However, candidates should be aware of the
appropriate use of a constant of integration as the omission of such will not always be condoned for

. 1 4 .
full credit. The response Z(e“‘) was a commonly seen incorrect answer.

A very good proportion of solutions were fully correct. A few candidates were unable to differentiate
sindx correctly but were able to apply the correct form of the product rule. A few other candidates
were able to differentiate sindx correctly but did not realise that the product rule was required. A
few candidates included a spurious ‘+c¢’ in their answer. This was inappropriate and not condoned.

Candidates found this part of the question quite challenging. As the answer had been given it was
essential that candidates showed full and clear working to justify having found the answer correctly.
Better responses clearly linked the integral in this part to the previous part of the question, as
required. These candidates then, step by step, rearranged the equation, integrated as required and
showed the clear substitution of the limits into the integral, being careful with the order of the terms,
any bracketing and signs. Candidates then needed to show the evaluation of each term to fully
justify the values in the given expression. Candidates who omitted to show the substitution of the
limits into the integral often did not show sufficient evidence to earn the final two marks. Some
candidates may have improved if they had rechecked their differentiation in the previous part.
Occasionally, sign errors that had been made in the previous part of the question resulted in
candidates incorrectly adjusting their work in this part.

Question 11

(a)

(b)

This part of the question relied in part on prerequisite geometrical knowledge and some excellent
responses were seen. Candidates needed to form an expression for the volume of the given solid
and write an expression for y in terms of x. Some candidates omitted to read the question carefully
and gave an expression for h in terms of r or x, for example. Other candidates stated x = r without
actually using it as such. It would have been much simpler if they had just written expressions
using x instead of making this statement. These candidates were all penalised. A few candidates
used the volume of a sphere, rather than a hemisphere in their calculations. It was evident from the
inclusion of several ‘halves’ in initial calculations, or from changes in coefficients, that some
candidates had found their answer for the surface area to be incorrect and went back and
corrected their error. This was excellent strategy. Other candidates may have done better if they
too had adopted this strategy, rather than trying to make their working fit the given form. Weaker
responses seen included using the given surface area and equating to 3 + 2nxy and then
solving for y. This was not credited.

Most candidates attempted to differentiate the expression for S given in part (a). Many candidates
did this fully correctly and went on to find the correct value for x. Most candidates were able to

differentiate gnx2 correctly but fewer were successful in differentiating 1000 , with sign errors or
X

1000 commonly seen. A good proportion of candidates knew the appropriate method was to
equate the derivative to 0 and solve for x. Many earned the method mark available for this strategy.
A few candidates found the second derivative and equated that to 0. Some candidates went on to
find the minimum value of S and/or demonstrate that it was a minimum value, neither of which were
requirements of the question.

Question 12

(a) (i)

(ii)

This part of the question was very well answered with almost all candidates able to give the correct
coordinates in an acceptable form.

Candidates were able to use the value x = 2 to demonstrate that the point C was both a point on
the curve and the line. Most candidates did not appreciate that the use of the command word
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‘verify’ allowed them to use the given information in this way. To earn both marks, full correct
method had to be shown. Most candidates equated the expressions and formed a quadratic
equation in x. Providing the equation was correct, the method of solution was shown and the
negative solution which arose was discarded, this was given full credit. A good proportion of
candidates omitted to show any method of solution for their quadratic equation. This was not
accepted as the answer had been given and choosing this approach meant that sight of the correct
method was necessary. Few candidates chose to use the simpler approach of substituting x = 2
into the equations of the line and the curve and showing that the y-coordinates were the same.
Again, for full marks, the method shown had to be complete and no step should be assumed. The
simplest way to do this was to write each equation with y as the subject and then substitute x = 2.
Candidates who changed the subject first were more successful. Candidates who substituted first
tended to omit some working.

Some neat, clear and fully correct answers were seen to this part of the question. Candidates who
integrated the equation of the curve correctly and were careful with writing down their logarithms
with brackets to show correct mathematical form often went on to give a completely correct
solution. Candidates who omitted brackets often made errors in the work that followed. A few

candidates multiplied In(2x + 1) by 2 rather than % Some candidates had a correct strategy, but
not all could carry out their plan correctly. Candidates who found the area of the triangle using
%xbasexheight were more successful than those who integrated the expression for the line.

Attempts at using integration to find the area of the triangle often contained sign errors, errors when
substituting limits or use of incorrect limits. Candidates were not allowed to use their calculators to
answer this question and so use of decimals in the working was penalised. Weaker responses

. . . . 1 (2x+1)°
typically included integrating as .
2x +1 0

Question 13

(a)

(b) (i)

(ii)

Most candidates used a correct order of composition for the expression fg(x). A good proportion of
these candidates went on to find an acceptable, fully simplified form. However, some candidates
were unable to fully simplify the expression which resulted. To be fully simplified, it was required
that there were no common factors and/or that the numerator or denominator of any fraction was
not itself fractional. A small number of candidates formed a product of functions, f(x) x g(x). This
misunderstanding was not condoned. A few other candidates attempted to form gf(x), which was
also not condoned.

Many correct answers were seen to this part of the question. Common incorrect offerings were

x>0, ‘the range of flis >0’ andy e R.

Candidates found this final question very challenging. The best candidates understood that they
could form a quadratic equation in x and y and solve it for either y or x using the quadratic formula.
A few excellent, fully correct answers were seen, with the choice of the positive square root fully
justified although most of these candidates assumed the positive square root without comment and
were penalised. Some candidates omitted to notice that the square root was positive and gave an
answer including ‘t’. Perhaps consideration of the one-to-one nature of inverse functions may have
helped these candidates. A few candidates earned a mark for at least writing the quadratic in a
useful form. Most candidates made no real progress with this part.
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Paper 23

Key messages

To do well in this paper, candidates should read each question carefully and identify any key words or
phrases, making sure they answer each question fully. Sufficient method needs to be shown so that marks
can be awarded. When values are incorrect and the method from which they arise is not seen, marks cannot
be given. Candidates need to take care to ensure that their calculator is in the appropriate mode when
working with trigopnometric expressions, particularly in questions involving calculus.

General comments

Some candidates seemed to be reasonably well-prepared for this examination. A good proportion of
candidates were able to use algebraic manipulation when needed, particularly in Questions 2, 3, 5 and 6.
Some candidates were also able to write or interpret problems using correct mathematical form, as required
in Question 9(a)(i) and 9(a)(ii), for example.

Questions 6(b), 8(b), 9(b)(ii), 10(a) and 11(a)(ii) required candidates to ‘Show that’ a result was correct or
an expression was of a particular form. Showing clear and complete method for every step in these solutions
was essential as the answer had been given and the marks were awarded for the method.

Candidates should also understand that, when a part of a question begins with the word ‘Hence...’, itis
expected that they should use the previous part or parts of the question to answer the current part. This will
often be the most straightforward method of solution and will be assessing a specific skill. This was seen in
Questions 5(b) and 9(a)(ii) in this examination.

Candidates seemed to have sufficient time to attempt all questions within their capability.

Comments on specific questions

Question 1

Candidates generally found this question to be an accessible start to the paper. Many candidates performed
well and all those who made progress showed sufficient terms in the numerator and denominator to
demonstrate that they had not used a calculator. A few candidates made an arithmetic slip and lost the
accuracy mark.

Question 2

A reasonable proportion of candidates earned all of the marks available, presenting complete and logical
answers which included discarding the extraneous solution that arose. The most common error from

candidates who made little, or no, progress was to form the equation 30 =14** —21**" +19 .
Question 3

(a) Most candidates attempted this part of the question. Some candidates were careful with converting
the roots to powers and simplified correctly. Other candidates made slips in their working.

Commonly the x in the numerator was omitted or 481 was stated as 3*. A few order of operations

& B Cambridge Assessment
QP International Education © 2021



Cambridge International General Certificate of Secondary Education
0606 Additional Mathematics June 2021
Principal Examiner Report for Teachers

errors were also made. A small number of candidates used a rounded decimal value for the power

% . This was not condoned.

(b) (i) A two-step process was needed to find the value of a. A reasonable number of candidates were
able to manipulate the equation into a solvable form either by dividing or multiplying both sides by 2
or by rewriting the argument of the logarithm as 82, for example. A good proportion of candidates
then went on to complete the solution correctly, although occasionally slips were made in solving
the exponential equation that resulted. A small number of candidates made no progress with this
part of the question.

(i) A multi-step approach was needed for this part of the question also and a few excellent responses
were seen. A key piece of information, which was overlooked by some candidates, was that the
answer needed to be in base a. This should have guided them to the first sensible step of applying
the change of base rule to change the base to a. Once this had been achieved, the candidates
then needed to manipulate the denominator so that it was written as a single constant. Final

answers of %Ioga 3a or log, J3a were acceptable. A small proportion of candidates confused the

base and the argument of the logarithm and worked as if they had Iog(a2)3a . Some candidates
made no attempt to answer.

Question 4
sinx
Ccos X

y =tanx and then differentiating. Most candidates attempted to apply the quotient rule. Some candidates

were successful with this, although sign errors were more common with this approach. The next step was to
use the derivative to find the approximate change in y and some excellent solutions were seen. Common

A small proportion of candidates identified the most efficient method of solution by rewriting y =

as

. - . T . .
errors seen in weaker responses were omitting to substitute x = 7 having the calculator in degree mode

or using h—g instead of h.

Question 5

(a) Again, some excellent responses were seen to this part. A good proportion of candidates were able
to find the correct critical values for the quadratic inequality. Some candidates were then able to
form the correct inequality in x as their final solution. Other candidates offered only the critical
values or wrote incorrect inequalities, with x < 1.5 x < 7 being very common.

(b) A reasonable proportion of candidates understood the need to integrate between the critical values
found in part (a). Some responses were fully correct. A few candidates made errors when
integrating. Other errors seen included making rounding errors or omitting to write the final answer
as a positive value, which was required. Some candidates made no attempt to answer.

Question 6

(a) Most candidates used the factor theorem and correctly showed that p(—0.25) = 0. Some candidates
omitted to write ‘ = 0’ which was not condoned, or made slips when writing powers.

(b) Good responses involved forming the factor 4x + 1 and using this to find the quadratic factor. Most
candidates used algebraic long division. Candidates should know that factors of polynomials are
generally of the form ax + b where a and b are integers. Most candidates used the factor x + 0.25,
which was condoned for this particular question. There was some confusion between factors and
roots, with candidates finding repeated factors and identifying them as repeated roots. This was not
condoned.
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Question 7

(a)

(b)

Very few reasonable graphs were drawn. Some candidates drew the part of the curve in the first
quadrant only. This was not accepted as the full shape needed to be attempted, including seeing
the asymptotic behaviour. Some candidates had graphs with incorrect curvature and many made
no attempt to answer.

Candidates were more successful in this part. A good proportion were able to find the y-coordinate,
although many wrote decimal values, rather than giving the exact form. Some decimals were not
given to at least three significant figures and this was not accepted. Good responses showed
correct differentiation. A few candidates appreciated that the form of the derivative was a multiple

1

of but did not multiply by 4. A small number of candidates found the correct gradient of the

tangent but then continued to find the gradient of the normal and use that in their equation.
Candidates who wrote the y-coordinate in exact form, more consistently earned the final mark for
forming the equation.

Question 8

(a) (i)

(ii)

(b)

Some good, fully correct responses were seen to this part of the question. A few candidates earned
one mark for knowing that the argument of the cosine remained unchanged and stating a multiplier

o+

that was either negative or 3. Some candidates simply stated cos (Tj which was not sufficient.
Some candidates made no attempt to answer. Some, otherwise good, responses omitted the

constant of integration. This was condoned for this question but it is expected that candidates know
the appropriate use of a constant of integration.

It was rare to see a fully correct answer to this part of the question. Some candidates did observe
that a correct first step was to rewrite the integrand as 5. A small number of candidates integrated
this correctly with respect to 6. For this question, the constant of integration was necessary for full
credit to be awarded. A few candidates were penalised for omitting it. Weaker responses included
integrating 5sin’#as + 5cos’6 and 5cos’6as 5sin’6.

A few candidates expanded the brackets and simplified prior to integrating. Some of these
candidates were able to integrate one or other of the two terms that resulted, but correct integration
of both terms was rarely seen. A few candidates simplified but omitted to integrate. Some

candidates misinterpreted 2x'as 2i whereas other candidates integrated iz as Inx*. Many
X X

candidates made no real progress as they attempted to integrate the integrand in its given form.

Question 9

(a) (i)

(ii)

(b) (i)

(ii)

Success was varied in this question. A small proportion of candidates gave a fully correct
completed square form. A few candidates earned a mark either for (x + 1)2 or for the correct
constant. Many candidates made no real progress

In this part of the question it was necessary to interpret the completed-square form from part (i). As
few candidates had an expression of the correct form in the previous part, correct answers were
rarely seen. The most common incorrect response was to state that the range was the set of real
numbers. Many candidates made no attempt to answer.

Very few correct responses were seen. Candidates often expressed both the domain and range in
terms of x or gave the domain using y and the range using x. This may have been an issue with
misinterpreting ‘the domain of g is the range of g‘1’ and ‘the range of g is the domain of 9‘1’.
Candidates found this part of the question very challenging. Many made no real progress. A small
proportion of very good solutions were seen, usually by completing the square. However, the
selection of the positive square root was not justified and this was needed for full credit to be
awarded.
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Question 10

(a) A few fully correct responses were seen. Some candidates were able to find a correct expression
for y in terms of x but made no progress beyond that. The few that did substitute into a correct
expression for the surface area sometimes found the manipulation needed to arrive at the correct
form of the answer too challenging. Many candidates made no attempt to answer.

(b) Again, some fully correct responses were seen, although they were rare. Some candidates were

unable to successfully apply the chain rule to v x°® +900 , with slips in the power of the derivative
not uncommon. A few candidates attempted to apply the quotient or product rule and success was
varied. Candidates who knew that the next step in the process was to equate the derivative to 0
and solve for x were rewarded for persevering to that point. It seems likely that some candidates
had not studied this particular topic as many candidates made no attempt to answer.

Question 11

(a) (i) A reasonable proportion of candidates gave neat, fully correct solutions to this part of the question.
Various successful approaches were seen, including equating expressions for the difference,

equating expressions for 1 and using the sum of the three given terms to find the difference.
q

Some candidates made a correct initial step, equating expressions, but were unable to
demonstrate what was required correctly, either because they were unsure how to complete the
solution or because they had made a slip in simplification. This was more common if their first step
involved both p and g terms. A few candidates earned a mark for making a correct single
statement. Other candidates offered no response of any value.

(i) Candidates were more successful in this part with a reasonable number earning full marks.
Occasionally slips were made in simplifying the algebraic expression or brackets were omitted in
the first step and subsequent errors were made because of this. Some candidates may have
improved if they had referred to the formula page at the start of the paper, as the expression for the
nth term of an arithmetic progression was not always stated correctly.

(b) The maijority of candidates were able to write a correct pair of simultaneous equations using the
sum to infinity and the second term. Occasionally candidates attempted to use the sum to n terms
formula instead of the sum to infinity, so perhaps a little more care was needed when studying the
formula page. The equations needed to be combined correctly to gain further credit and this was
not always achieved. Candidates who were careful when rearranging terms were more successful.
Some candidates were writing the quadratic equation with a fractional constant and solving it
without simplification of the terms to integers. This was condoned, even though the factors that
resulted were not of the form ax + b where a and b are integers, as was expected. On this
occasion, candidates who made slips in their method of solution from which they recovered, were
not penalised for the slips which had been seen.

Question 12

Candidates found this final question to be very challenging with very few marks being awarded in any part. In
part (a), a very small number of candidates differentiated correctly. Most of these went on to find either a
negative time with the calculator correctly in radian mode or a positive time with the calculator incorrectly in
degree mode. It is vital that candidates understand that, for this specification, arguments for trigonometric
functions in calculus questions will always be in radians and radian mode should always be used. Most
candidates made no attempt to answer either of the last two parts of the question and those that did were
unsuccessful.

& B Cambridge Assessment
QP International Education © 2021



	0606_s21_er_11
	0606_s21_er_12
	0606_s21_er_13
	0606_s21_er_21
	Paper 0606/21
	Paper 21

	0606_s21_er_22
	0606_s21_er_23


<<
  /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



<<
  /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



<<
  /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 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /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 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /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 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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 [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



