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Trigonometry

Revision Exercises

1 Express in radians: a 315° b 210°.

2 Find the area of this segment.

3 Find the length of this arc.

4 Find x in each triangle.
a b

c d

5 In the triangle and 
Find the two possible values of 

6 Sketch these graphs.
a b

c d y � arccos uy � �3 csc u

y � 7 � 2 cos 3uy � 4 sin1x � 30 2°

�B.
AB � 7.ABC, �A � 35°, BC � 5
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Revision Exercise 1



Functions

Revision Exercises

3

7 State the equation of these graphs.
a b

Revision Exercises

2

1

0
�1

3

y

��

0

�6

y

��

8 Solve these for 

a b

c

9 Solve for 

10 A sea tide is modelled by in metres above mean sea level at time t

hours after midnight.

a What is the height above mean sea level at 0400?
b When is the first time that the height above mean sea level is 2 metres?
c Sketch the graph of for 

11 Show that 

12 Solve the equation for 

13 In the following diagram, find giving your answer in surd form with a
rational denominator.

cos1a � b 2 ,
0 � u 6 2p.3 sin u � 2 cos 2u � 1 � 0

cos1A � B 2 � cos1A � B 2 � 2 sin A sin B.

0 � t � 12.y � 4 sin 

p

3
 t

y � 4 sin 

p

6
 t,

�
p

2
� x �

p

2
.4 cos x � tan x

8 tan 2u � 8 � 0

2 sin u � 23 � 02 sin 3u � 1 � 0

0 � u 6 p.

4

3

7

	



14 Express in the form 

Hence solve for 

15 Prove that 

16 Prove that for 0 6 u 6

p

2
, u �

p

4
.

sin 4u11 � cos 2u 2
cos 2u11 � cos 4u 2 � tan u

cos 3u � 4 cos3 u � 3 cos u.

0° � x° 6 90°.22 cos 2x° � 4 sin 2x° � 5 � 1

k cos12x � a 2°.22 cos 2x° � 4 sin 2x°

Revision Exercise 2

1 Given that find the set of values of x for which 

2 Find k if, for the equation the roots are equal.

3 Solve these simultaneous equations:

4 Knowing that the values of x satisfying the equation are real
numbers, determine the range of possible values of 

5 For find:

a f(4x) b c

6 For and find:

a f(g(x)) b g(f(x)) c f(f(x)) d g(g(x)).

7 For sketch the graph of and 

8 Solve 

9 Solve for 

10 The one-to-one function f is defined on the domain by 

a State the range, A, of f.

b Obtain an expression for for 

11 Solve the inequality 

12 Show that is a factor of and hence find the other factors.

13 Factorise fully 

14 Show that is a root of and hence find the

other roots.

15 Find an expression for f(x) from its graph.

x˛

3 � 4x˛

2 � 27x � 90 � 0,x � �3

f1x 2 � 2x˛

4 � 9x˛

3 � 2x˛

2 � 9x � 4.

2x˛

3 � x˛

2 � 7x � 6x � 2

�x � 4� � �2x � 3�.

x H A.f�11x 2 ,

f1x 2 �
2x � 1
x � 3

.x 7 0

x 7 0.
2

4x � 1
� 3

�11 � 3x� � 7.

y � f1�x� 2 .y � �f1x 2 �f1x 2 � x˛

2 � 5x � 24,

g1x 2 �
x � 1
x � 1

, x � 1,f1x 2 � 7 � 2x

f ¢1
x
≤.f12x � 1 2

f1x 2 � x˛

2 � x � 4,

k H �.
3x˛

2 � kx � 2k � 0

2x˛

2 � 5xy � y˛

2 � 38.

y � x � 3

2kx˛

2 � 6kx � k � 7 � 0,

y 6 0.y � 2x˛

2 � 9x � 5 1x H � 2 ,

0�2 3

y

x

24

16 Using algebraic long division, find 

17 When the polynomial is divided by the remainder

is 18. is a factor of f(x). Find the values of a and b.x � 1

x � 2,f1x 2 � x˛

3 � 4x˛

2 � ax � b

1x˛

4 � 3x˛

2 � x � 4 2 
 1x � 1 2 .
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8 a Expand using the binomial theorem.

b Expand using de Moivre’s theorem.

c By equating imaginary parts, express in terms of 

9 Find the fifth roots of unity and illustrate these on an Argand diagram.

10 What is the coefficient of in the expansion of 

11 Using mathematical induction, prove that is divisible by 42.

12 a are the first three terms of an arithmetic sequence. For
what value of n does the sum of the first n terms, first exceed 100?

b The sum of the first three terms of a positive geometric sequence is 52 and the
sum of the 5th, 6th and 7th terms is 4212. Identify the first term and the
common ratio.

c For what value of n does this geometric series have a sum of 354 292?

13 Prove, using mathematical induction, that for all positive integers n,

where 

14 Prove, using mathematical induction, that for for all

positive integers n.

15 Find a cubic equation with real coefficients, given that two of its roots are and

16 a Use the binomial theorem to expand 

b Express in form.

c Use de Moivre’s theorem to find 

d Using mathematical induction, prove that 
dn

dx˛

n  1e3p˛

2x 2 � 6np˛

n epx, ∀ n H ��.

z˛

6.

reiuz � 23 � i

13 � x 24.
2 � i22.

�4

A � ¢1 0
0 p

≤, A˛

n � ¢1 0
0 p˛

n≤
i˛

2 � �1. 3r˛1cos u � i sin u 2 4n � r˛

n 3cos nu � i sin nu 4

S˛n,
x � 1, 3x � 1, 6x � 1

n˛

7 � n

12x � 1 24¢3x �
1
x
≤6

?x˛

7

sin u.sin 5u

1cos u � i sin u 25
1cos u � i sin u 25

Revision Exercises

5

18 Simplify: a b c

19 Simplify: a b

c

20 Solve these for 

a b

c d

21 Solve these for x.
a b c

22 The sketch shows part of the graph of 
What are the values of p and q?

y � logp1x � q 2 .
4ex � 215x � 7ln x � 12

log31x � 2 2 � log31x � 1 2 � 2log51x � 1 2 � log51x � 2 2 � log5 10

1
2

 loga x � loga 5 � loga 45loga x � loga 6 � loga 54

x 7 0.

log6 8 � log6 3 � log6 4.

logp 12 � logp 6 � logp 82 loga 5 � loga 3

x˛

�˛

1
2 a2x˛

1
2 � 4x˛

� 
3
2 b .

5p˛

1
2 � 3p˛

3
4

p˛

3
2

x˛

7 � x˛

2

x˛

3

Revision Exercises

4

x0

y

�2�3

(1, 2)

y � logp(x � q)

23 Find the exact value of x satisfying this equation:

24 Solve the simultaneous equations and for x, y 7 0.xy � 36logx y � 1

18x 2 132x�1 2 � 6x�2.

Revision eExercise 3
Revision eExercise 4

1 Find the modulus and argument of the complex number 

2 Find all of the roots, real and imaginary, of the equation

3 Prove by induction that for for all positive integers n.

4 Given that where show that thus

finding 

5 Find the coefficient of in the binomial expansion of 

6 A geometric sequence has all positive terms. The sum of the first two terms is 160
and the sum to infinity is 180. Find the value of
a the common ratio
b the first term.

7 Find the sum of the positive terms of the sequence 101, 92, 83, p

¢3 �
1
2

 x≤7

.x˛

5

a, b, c H �.

ax � by � c � 0,z � x � iy,�z � 2� � �z � i�,

t 7 0, 11 � t 2n � 1 � nt

z˛

3 � 10z˛

2 � 37z � 52 � 0.

3 � 4i
i � 2

.
1 Differentiate these functions with respect to x.

a

b

c

d

e

f

g

h y � e2 sin2 x

y � 1x � ln 3x 24
y � x cos�1 2x � 4

4x˛

1
2 � y˛

3 � 25

y �
613 sin x � 2 23
15x � 12 22

f1x 2 �
e2x

x˛

3 � 6

y � ln1x � 1 2  tan 3x

y � x˛

3 sin 2x

Complex Numbers, Binomial Theorem, Sequences
and Induction Calculus
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9 If find at the point where 

10 Find the coordinates of any stationary points on the curve and determine

their nature.

11 A container is modelled using a cone with a hemisphere attached at one end as
shown in the diagram below.

y �
ex

x � 1

x �
p

8
.

d2y

dx˛

2y � ex ln1sin 2x 2

Revision Exercises

7

2 Evaluate the following indefinite integrals.

a

b

c

d

e

f

g

h using the substitution 

3 Find the equation of the tangent to the curve at the point (3, 2).

4 The region R is bounded by the x-axis and the part of the curve 

between and Find

a the area of R
b the volume of the solid formed when R is rotated through radians about the

x-axis.

5 The equation of a curve is 
a Find a formula for the gradient of any point on the curve in terms of x and y.
b Find the coordinates of the points where the tangent to the curve is parallel to the

x-axis and the coordinates of the points where the tangent to the curve is parallel
to the y-axis.

6 Consider the graph of y � f1x 2 .

1x � y 22 � 31x � y 22 � 36.

2p

x �
p

3
.x � 0

y � sin 3x

y � 2x˛

2 � 5

x � 4 sin u�216 � x˛

2 dx

�cos�1 3x dx

�e�2x sin 4x dx

�x˛

3 ln 5x dx

� 3x
14 � 3x 24 dx

� 6

236 � 25x˛

2
 dx

�x˛

2 e�5x dx

� 13x˛

1
3 � 2x˛

3
4 22 dx

Revision Exercises

6

a Draw the graph of the derivative of 

b Draw the graph of 

7 Differentiate from first principles.

8 Consider the curve 
a Find the stationary points on the curve.
b Determine whether these are maximum points or minimum points.
c Find the point of inflexion on the curve.
d Determine the range of values for which the curve is concave up and concave down.

y � x˛

3 � 2x˛

2 � 4x � 5.

f1x 2 � 2x˛

3 � 3x � 4

y �
1

f1x 2 .
y � f1x 2 .

x

x � �3

x � 4

0

y

�3

(6, 0)

(�1, �2)

h

r

a Given that the height of the cone is h and the radius of the hemisphere is r, find
the volume of the solid formed.

b If the volume is find a formula for the surface area of the container in

terms of r only.
c Find the value of r for which the surface area is a minimum.

12 Evaluate 

13 Find the area bounded by the curve the x-axis and the lines 

and 

14 Consider the curve 

a Find the coordinates of any maximum or minimum points.
b Find the equations of any asymptotes.
c Sketch the curve.

d Find the area bounded by the curve, the y-axis, the line and the line

15 Show that the solution to the differential equation given that

when is of the form Find the values of A and B.

16 A particle moves in a straight line with velocity, in metres per second, at time t
seconds, given by
a Calculate the total distance travelled by the particle in the first three seconds of

motion.
b Calculate the minimum velocity of the particle.
c Calculate the acceleration of the particle after 6 seconds.

17 The region A is bounded by the curve and by the lines 

and Find the exact value of the volume formed when the region A is rotated

fully about the x-axis.

18 Find the solution to the differential equation given that 

when u �
p

2
.

t � 0
du
dt

� ue�t sin 2t

x �
p

8
.

x � 0y � tan¢1
2

 x �
3p
16
≤

v˛1t 2 � 4t˛

3 � 9t � 6, t � 0.

y˛

2 � Aex˛

2

� B.x � 0,y � 1

y 

dy

dx
� x˛11 � y˛

2 2 ,
y � 1.

x � 5

y �
6

9 � x˛

2.

x � 2.

x � 0y � 2x˛

2 e�x,

�
 3

2 

x23x � 4 dx.
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a Show that these equations do not have a unique solution.
b Find the value of p which makes these equations consistent.
c For this value of p, find the general solution to these equations.

8 The vectors a, b, c and d are defined as:

and 

The vector s is defined as Find the connection between p and q
if s is perpendicular to a.

9 Determine whether the lines intersect.

If so, find the position vector of the point of intersection.

10 Find the values of x such that 

11 Given and and that the vector 

has magnitude find the possible values of p.

12 a Find the line of intersection of the planes and 

b Show that this line is contained in the plane 

c Verify using row reduction that the planes

all meet in a common line.

13 a Find the inverse of the matrix where 

b Hence solve these simultaneous equations.

14 The points P, Q, R, S have position vectors p, q, r, s given by

respectively. Find
a the vector equation of the line PQ
b the area of the triangle PQR
c the area of the parallelogram PQRS

s � �2j � 3k

r � �3i � 6j � 7k

q � �j � 5k

p � 3i � 2k

2x � ky � 2 � k˛

2

kx � y � x � 4k

k H �.A � ¢k � 1 �1
2 k

≤
3x � 4y � 5z � �1

2x � y � 3z � 1

x � 2y � z � 3

r . £ 3
�4

5
≥ � �1.

r . £ 2
�1

3
≥ � 1.r . £12

1
≥ � 3

2353,

13a � 4b 2b � 3i � pj � k,a � 2i � 5j � 6k

2 x 3x
�x 4

2 � 3�1 3 2
4 x 0

�3 6 2
3.

r � £36
5
≥ � l£ 2

�3
7
≥ and r � £ 8

�3
9
≥ � l£ 1

�2
�1
≥

1a # b 2c � 1b � d 2 .

d � £ 3
q

�5
≥.a � £ 1

3
�2
≥, b � £ 5

�3
2
≥, c � £ 4

�1
p
≥
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19 Oil drips from a can onto the floor, forming a thin circular film on the ground. The

rate of increase of the radius of the circular film is given by the formula 

Given that when the radius of the film is 3 cm find a general formula for

the radius r at any time t.

20 The surface area, A, of a sphere is increasing at a rate of Find the rate of

increase of the volume, V, of the sphere when the radius of the sphere is 4 cm.

21 A curve has equation 

a Find the gradient of any point on the curve.
b Find the equations of all the asymptotes.

x˛

2

16
�

y˛

2

25
� 9.

5 cm2s�1.

t � 1 sec,

dr
dt

�
2

1 � t˛

2.

Revision Exercises

8

Revision Exercise 5 

Matrices and Vectors

1 Find the value of p for which the following system of equations does not have a
unique solution.

2 Find the angle between the vectors and Give
the answer in radians.

3 The equations of two planes and are

a Write the equation of plane in the form 
b Find the angle between the two planes.
c Find the line of intersection of the two planes.

4 If and find the values of x and y, given that the matrix

product MN is commutative.

5 Given that and find the
value of 

6 The position vectors of the points A and B are given by

where O is the origin. Find a vector 

equation of the straight line passing through A and B. Given that this line is perpendicular
to the vector find the value of q.

7 The variables x, y and z satisfy the simultaneous equations

where p is a constant.
�5x � 13y � 6z � p

3x � 5y � 4z � 9

2x � y � 3z � 4

qi � 3j � 5k,

OA¡
� 3i � 2j � k, OB¡

� i � 5j � 3k

31a � b 2 # c.
c � �4i � 3j � k,a � 2i � 3j � 2k, b � �i � 2j � k

N � ¢1 y
6 4

≤,M � ¢x 7
3 5

≤
r # n̂ � d.p2

p2˛: r � 2i � l1i � 2j 2 � m13i � 2k 2 .
p1˛: 4x � 5y � z � 15;

p2p1

b � 5i � 2j � 4k.a � 3i � j � 5k

5x � 7y � pz � 10

x � 3y � �8

3x � 2y � 2z � 1
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c E(X)
d Var(X)
e the median of X.

4 How many different arrangements, each consisting of four different digits, can be
formed from the digits 1, 2, 3, 4, 5, 6, 7 if
a i the last number of the arrangement is odd?

ii three of the four digits are odd?
iii the arrangement must contain the digit 3?

b What is the probability of an arrangement chosen at random starting with an odd
number and ending with an even number?

5 A manufacturer of nails finds that the boxes they produce for sale contain nails
whose lengths are normally distributed with mean 2.5 cm and standard deviation
0.75 cm.
a What is the probability that a nail picked at random has a length greater than

2.7 cm?
b What is the probability that a nail picked at random has a length less than 2.1 cm?
c What is the probability that a nail picked at random has a length between 2 cm and

3 cm?
d If there are 250 nails in a box, what is the expected number with a length of more

than 3.1 cm?
e What is the maximum length of any nail in the bottom 25% of the distribution?
f Given that a box is rejected if more than 4% of nails are less than a certain length,

what length is this?

6 In a factory making packets of biscuits a sample of 100 packets is taken. The mass of
each packet is shown in the table below.

Revision Exercises
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d the equation of the plane containing P, Q and R
e the angle between the line PS and the plane containing P, Q and R
f the perpendicular distance of S from the plane containing P, Q and R.

15 The point is on the line L, which is perpendicular to the plane with
equation 
a Find the Cartesian equation of the line L.
b Find the coordinates of the point of intersection of the line L and the plane 

c The point P is reflected in the plane to the point Find the coordinates of 

d Calculate the distance 

e Find the equation of the line in parametric form which passes through the points
and Q which has coordinates 13, �2, 3 2 .P¿

PP¿.

P¿.P¿.p

p.

2x � y � 3z � 24 � 0.
pP˛13, 4, �2 2
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Revision Exercise 6 

All questions in this exercise require a calculator.
1 A discrete random variable X has the following probability distribution.

x 0 1 2 3 4

0.15 0.22 0.38 0.2 0.05 

Find:
a E(X)

b

c
d Var(X).

2 The marks x from an IB mathematics examination are shown below. The examination
is marked out of 120.

E12X � 1 2
E1X˛

2 2

78 65 92 105 37 44 81 70

34 95 76 40 99 59 39 64

110 61 37 91 84 51 27 12

87 78 69 57 37 61 68 30

a Draw a box and whisker plot of this data.
b Calculate the interquartile range.
c Find the mean mark.

d Construct a cumulative frequency table using 
e Draw a cumulative frequency diagram of this information.
f Estimate the values of the median and the interquartile range from the cumulative

frequency diagram.
3 A continuous random variable X has a probability density function

where k is a constant.
Find:
a the value of k

b P11 � X � 1.5 2

f˛1x 2 � bkx˛

3 for 0 � x � 2
0 otherwise

x � 10, x � 20, x � 30 p

245 2
246 5
247 12
248 18
249 21
250 19
251 13
252 10

a Calculate the median and the interquartile range.
b Calculate the mean of the sample.
c Calculate the standard deviation of the sample.
d Calculate an unbiased estimate for the standard deviation of the population.
It is decided to model the distribution using a normal distribution X with the mean
calculated above and the standard deviation for the population.
e Find 

f Given that 50% of the packets of biscuits have masses between m grams and n
grams, where m and n are symmetrical about 248 grams and find the
values of m and n correct to 1 decimal place.

g What mass do more than 87% of packets of biscuits have? Give the answer correct
to 1 decimal place.

7 If and find:
a m

b

c P1X � 3 2
P1X � 4 2

E1X˛

2 2 � 2.5,X � Po1m 2

m 6 n,

P1X � 250 2 .
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c Find the probability that it fails more than one year after manufacture.
d A certain vehicle needs four batteries and all need to be working for the engine to

start. Find the probability that the engine will start more than one year after the
batteries have been manufactured.

14 Charlie’s Cake Company’s best selling cake is their Gateau Supreme. The mass of
each cake is normally distributed with a mean of 300 grams and a standard devia-
tion of 30 grams. A cake is rejected if the mass is less than 265 grams or more than
325 grams.
a Find the percentage of cakes that are accepted.
The settings on the machines which make the Gateau Supreme are altered so that
the mean mass changes but the standard deviation remains unchanged. With the
new settings 12% of cakes are rejected because the mass is too high.
b Find the new mean mass of the Gateau Supreme, giving your answer to 3

significant figures.
c Find the percentage of cakes which are now rejected because the mass is too low.
d Five Gateau Supremes are chosen at random. What is the probability that exactly

two of them will be rejected because the mass is too low?

15 The probability of finding a mistake on a particular page of a book is 0.09.
a In the first five pages of a book, what is the probability of finding exactly three

mistakes?
b In the first eight pages of the book, what is the probability that there are at least

two mistakes?
c What is the most likely number of mistakes in a chapter of 15 pages?
d What would be the expected number of mistakes in a 400 page book?
e Given that the first page has no mistakes, what is the probability that there are

more than two mistakes in the next ten pages?

Review Exercise
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8 Each morning, Pierre decides whether to cycle to school or to take the bus. The
probability he cycles is 0.4. If he cycles to school the probability that it rains is 0.65
and if he takes the bus to school the probability that it rains 0.25.
a What is the probability that he takes the bus to school and it does not rain?
b What is the probability that it rains on the way to school?
c Given that it rains, use Bayes’ theorem to determine the probability that he took

the bus to school.

9 Jean is practising his tennis serve. The number of times he hits the service box fol-
lows a binomial distribution. The expectation that he hits his service in the service
box is 4.08 and the variance is 1.3056. Find
a the number of times he practises his serve
b the probability that he hits the serve in the service box
c the probability that he hits the serve in the service box three times
d the probability that hits the serve in the service box more than four times
e the probability that he misses the service box at least once.

10 Bill is trying to buy a new computer and decides to buy it from one of three com-
panies. The probability that he buys it from company A is 0.4, the probability that
he buys it from company B is 0.45 and the probability he buys it from company C is
0.15. If he buys the computer from company A, the probability it will develop a
fault within the first year is 0.05, if he buys from company B it is 0.09 and if he
buys from company C it is 0.11.
a Calculate the probability that Bill buys a computer from either company A or

company B and that it does not develop a fault within the first year.
b Calculate the probability that the computer that Bill buys will develop a fault

within the first year.
c Given that Bill’s computer develops a fault, what is the probability that he bought

it from company C?

11 A dressmaker is making dresses on a machine and occasionally minor faults are
produced. The number of dresses with minor faults follows a Poisson distribution
with mean 0.9. Calculate
a the probability of exactly two dresses with minor faults
b the probability of at least two dresses with minor faults
c the most likely number of dresses with minor faults
d the probability of at least one dress with a minor fault.

12 Bella plays a game with two fair cubical dice. If the sum of the scores is a prime
number she gains $3, if the sum of the scores is an even number other than 2 she
gains $1. Otherwise she loses $5. Let X be the discrete random variable “Bella’s
gain”.
a Write down the probability distribution for X.
b Calculate E(X).
c Calculate Var(X).
d How much should Bella gain or lose when the sum of the scores is a prime

number in order that the game is fair?

13 The probability of a car battery failing x months after manufacture is given by a
continuous random variable with probability density function

where k is a constant.
a Find the value of k.
b Find the probability that a car battery fails within 9 months of manufacture.

f˛1x 2 � c k
12

 x˛

2 0 � x � 24

0 otherwise

Revision Exercises

12



<<
  /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
  /CreateJDFFile false
  /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

  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


