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Instructions

There are eight questions on this paper. Answer all questions.

Write your Examination Number in the box on the front cover.
Write your answers in blue or black pen. You may use pencil in graphs and diagrams only.

This examination booklet will be scanned and your work will be presented to an examiner on
screen. All of your work should be presented in the answer areas, or on the given graphs,
networks or other diagrams. Anything that you write outside of these areas may not be seen by
the examiner.

Write all answers into this booklet. There is space for extra work at the back of the booklet. If you
need to use it, label any extra work clearly with the question number and part.

The superintendent will give you a copy of the Formulae and Tables booklet. You must return it at
the end of the examination. You are not allowed to bring your own copy into the examination.

You may lose marks if your solutions do not include relevant supporting work.
You may lose marks if the appropriate units of measurement are not included, where relevant.

You may lose marks if your answers are not given in their simplest form, where relevant.

Diagrams are generally not drawn to scale.
Unless otherwise indicated, take the value of g, the acceleration due to gravity, to be 9.8 m s™2.

Unless otherwise indicated, T and J are unit perpendicular vectors in the horizontal and vertical
directions, respectively, or eastwards and northwards, respectively, as appropriate to the
guestion.

Write the make and model of your calculator(s) here:
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Question 1
(a) Adirected graph is represented by the adjacency matrix M = <

(i) Draw the graph represented by M.

1

(i) Calculate M2.

(iii) What information is provided by the elements of M??
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(b) A gardener plants a new fruit tree which has three new branches. In a branch’s first year of
growth it will not produce any additional branches. Each branch will produce one additional
branch every year after that.

The gardener models this growth pattern by defining U,, to be the number of branches on
the tree n years after planting, with Uy, = 3 and U; = 3.

(i)  Write down the values of U, and Us.

(ii) Write down a difference equation for U,,,, in terms of U,,,; and U, wheren > 0, n € Z.

(iii) Solve this difference equation to find an expression for U,, in terms of n.
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(iv) Plants must be cut back regularly to allow them room to grow. How many of the old
branches should be removed at the end of year 4 to ensure that there are exactly
14 branches at the end of year 5?
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Question 2

The diagram below shows the scheduling network for a project to manufacture a new chemical
compound. The network provides some information about the relationships between the twelve
activities that have to be completed as part of the project.

The edges of the network represent these activities and are labelled with the letters A to L.

The unlabelled edges (shown with dashed lines) do not represent real activities but they help
explain the order in which the activities must happen. The letters used to label the edges should
not be taken as representing the order in which the activities happen.

The nodes of the network represent events or points in time during the project. The source node
is the time when the project begins and the sink node is the time when the project ends.

C

sink
node

source
node

(i) Complete the table on the next page by listing, for each activity, the other activities on which
it depends directly. That is, for each activity X € {C, D, E, ..., L}, write the smallest possible
list of other activities which need to be completed before activity X can begin.

Activities A and B do not depend on any prior activities, so the list is empty for these
activities, as shown.

Use the space below to show relevant supporting work, if necessary.
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Activity Depends directly on ...

A —

B —

a

Q|| WD

s

~

J
K

L

For each of the statements in parts (ii) and (iii) below, state whether you agree or disagree with
the statement. Use the scheduling network and/or your answer to part (i) to justify your answer
in each case.

(i)  Activity D must be completed before activity G.

(iii) Activity E must be completed before activity H.
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The time, in days, to complete each of the activities A to L is given in the table below and has also
been included in the network redrawn on this page.

Activity A B C D E F G H I ] K L

Time (days) 5 3 6 9 4 2 8 4 11 2 7 5

(iv) Calculate the early time and the late time for each event.

Complete the diagram below by writing the early time (upper box) and late time (lower box)
at the node representing each event.

C(6)

A(5) £ 7 H(4)

source i I(11) L(5) sink
node node

B(3) A A K(7)
F(2) G(8)

J(2)

Use the space below to show relevant supporting work, if necessary.
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(v) Write down the critical path for the network.

(vi) Write down the minimum time, in days, needed to complete this project.

(vii) Select any one non-critical activity on the network and calculate its float, in days.

(viii) The project is due to begin on the morning of July 1%t. The key worker needed to carry out
activity G will be away on holidays when the project begins.

What is the latest date on which this worker could return to work without necessarily
causing the project to be delayed? Justify your answer.
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Question 3

(a) A particle has initial displacement s, from a fixed point P. It moves away from P with initial

. . d d?

velocity u and constant acceleration a = = = —;
dat  adt

Use calculus to derive an expression for s, the displacement of the particle from P at any

time t.
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(b) Two athletes, Brian and Clara, are taking part in a relay race. Brian is preparing to hand over
the baton to Clara. During the hand-over of the baton the athletes need to be running in the
same straight line and at the same velocity.

As Brian approaches Clara’s position at a constant speed of 11 m s72, Clara starts running
from rest with constant acceleration f.

A short time later Brian begins to decelerate at 2 m s2.
Clara receives the baton 2.5 s after she starts running.

The baton is exchanged when Clara is 75 cm ahead of Brian and when both athletes have a
speed of 8 m s7L.

After the baton is exchanged, Brian continues to decelerate at 2 m s until he comes to rest.
Clara continues to accelerate at f until she reaches her maximum speed of 12 m s, which
she then maintains.

(i) Calculate the time it takes for Brian to decelerate before he exchanges the baton.
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(ii) Using the axes below, draw an accurate velocity-time graph for the motion of each runner.
Time is measured from the instant that Clara begins to run.

Relevant calculations should be shown in the space below.

A

127

10T

7 8
E

z 67
‘S
°

g 47

2 -4

1 2 3 4 5 6 7
time (s)
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(iii) Calculate the distance between the two athletes when Clara begins to run.
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Question 4

(@) Aballis projected from a point on horizontal ground, with initial speed u and at an angle a
to the horizontal. The ball reaches a maximum height of H, above the horizontal.

Upon landing, the ball bounces with a maximum height of H;.

A

u H,
A

a v vH1

The coefficient of restitution between the ball and the ground is e.

. H
(i) Calculate =2.
H;
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(ii) The ball continues bouncing. Find an expression (in terms of e and H,) for Hs, the maximum
height of the ball after it lands on the ground for the fifth time.
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(b) Two identical smooth spheres, P and Q, each
moving with speed u, collide obliquely. The line
joining their centres at the point of impact is along
the 7 axis.

Before the collision, the velocity of sphere P makes {7 -
an angle @ with the 7 axis and the velocity of sphere
Q makes an angle 8 with the J axis, as shown in the
diagram.

The coefficient of restitution between the spheresis e, where 0 < e < 1.

After the collision sphere Q moves off parallel to the J axis.

. tan6-1
(i) Showthate = ey
tan6+1
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(ii) If 25% of the spheres’ total kinetic energy is lost during the collision, calculate 8 and e.
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Question 5

(a) Inthe network shown below, the edges represent roads and the nodes represent the
junctions of two or more roads, labelled with the letters A to N. The weight of each edge
represents the distance (in km) between a pair of junctions.

C 23 G

E 18 H 16

(i)  Use Dijkstra’s algorithm to find the shortest path from junction A to junction N.
Calculate the length of the shortest path. Relevant supporting work must be shown.
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(ii) A group of engineers want to close down some of the roads to carry out maintenance work.
They wish to close down as much of the road network as possible while still allowing a
person to drive between any two junctions on the network.

Using an appropriate algorithm, find the minimum spanning tree for the network.
Name the algorithm you used. Relevant supporting work must be shown.

Leaving Certificate — Sample Paper 19
Applied Mathematics — Higher Level



(b) A rumour may be spread when a person who has heard the rumour interacts with a person
who has not heard the rumour.

Therefore, the rate of spread of a rumour within a group can be modelled as being
proportional to the product of the number of people in the group who have heard the
rumour and the number of people in the group who have not heard it.

A student models the rate at which a certain rumour spreads within a school population
of 1200 students using the differential equation:

R _ kR(1200 — R)
dt

where R(t) is the number of students of that school who have heard the rumour at time ¢,
measured in days, and where k is a positive constant.

On Monday morning (t = 0), 100 students had heard the rumour.

(i) Solve the differential equation to find an expression that relates R, k and t.

Note that ! =3(3+L).
yx-y) x\y x-y
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(ii) By Wednesday morning 250 students had heard the rumour. Calculate the value of k.

(iii) Sketch the shape of a graph of R against t to show how the model predicts the spread of the
rumour.

A

R (students)
600 800 1000 1200

400

200

5 10 15 20 25 30
t (days)
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Question 6

A learner driver is practising driving around a roundabout.

T

The motion of the car may be modelled as horizontal circular motion around centre O, with
radius r and constant angular speed w, as in the diagram above.

(i)  Write an expression for §, the displacement of the car relative to O at any time t, in terms of
r, w and t. Your expression should use the unit vectors 7 and J.

Note that t = 0 when § is along the T axis.

(ii) Derive an expression for ¥, the velocity of the car at any time t.
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(iii) Use a dot product calculation to show that the car’s velocity and displacement are always
perpendicular to each other.

(iv) Show that the acceleration of the car is always directed towards O.
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(v) Derive an expression for the maximum velocity the car could have as it travels around the
roundabout, without slipping. Your expression should be written in terms of r, g and p, the
coefficient of friction between the car and the road.

(vi) Use dimensional analysis to show that the units for the expression you derived in part (v) are
equivalent to the units for velocity.

(vii) Do you think the assumptions made in developing this model were appropriate?
Explain your answer.
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Question 7

(@) A bungee jumper of mass 75 kg jumps from a height of 35 m above water. The jumper is
tied to an elastic rope of natural length 12 m and elastic constant 100 N m™.

(i) Derive an expression for the work done when a spring of elastic constant k N m™ is
stretched by x m.
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(ii) The motion of the bungee jumper may be modelled using the principle of conservation of
energy. Using this model, calculate the distance between the water and the bungee jumper
when the bungee jumper is at the lowest point of their motion.
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(b) A small smooth moveable disk D, of mass 0.2 kg, rests
on a light inextensible string. One end of the string is
connected to block B, of mass 4 kg, which rests on a
rough plane inclined at 30° to the horizontal.

The other end of the string is connected vertically to a
fixed point.

The coefficient of friction between block B and the ¢/’

I 1
inclined plane is e

When the system is released from rest, D moves D

upwards with acceleration a. 50°

The tension in the stringis T.

(i) Show, on separate diagrams, the forces acting on block B and disk D while they are moving.

(ii) Explain why the acceleration of B is 2a.
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(iii) CalculateaandT.

Leaving Certificate — Sample Paper
Applied Mathematics — Higher Level

29




Question 8

A group of scientists are investigating the population, P, of rabbits on a certain island. They
estimate that there are 8000 rabbits on the island and that the population is growing at a
constant rate of 3% per year.

The scientists plan to remove a number of rabbits from the island every year, to help populate
another habitat. They develop mathematical models to predict how P will change if B rabbits are
removed from the island every year.

The first model which the scientists develop uses a difference equation to express the population
of rabbits in year n + 1 in terms of the population in year n.

The difference equation is:
P,,1 =1.03P,—B
wheren > 0,n € Z and P, = 8000.

(i) Solve this difference equation to find an expression for P, in terms of n and B.
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The second model which the scientists develop uses a differential equation to express the rate of
change of P with respect to n, time measured in years.

The differential equation is:

dP
—=0.03P-B
dn

wheren = 0,n € Rand P(0) = 8000.

(ii)  Solve this differential equation to find an expression for P in terms of n and B.
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The scientists want to know what each model predicts the rabbit population on the island will be
after 50 years, if 200 rabbits are removed each year.

(iii) Calculate Pgq using the first model and P(50) using the second model, when B = 200.

(iv) Each of these models makes a different assumption about the removal of the rabbits from
the island. What are the two different assumptions?

(v) The scientists want to know what value of B should be chosen so as to keep the rabbit
population on the island constant. Calculate this value of B using either model.
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Page for extra work.

Label any extra work clearly with the question number and part.

Leaving Certificate — Sample Paper 33
Applied Mathematics — Higher Level



Page for extra work.

Label any extra work clearly with the question number and part.
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Page for extra work.

Label any extra work clearly with the question number and part.

Acknowledgements

Images

Image on page 6: State Examinations Commission

Image on page 8: State Examinations Commission

Image on page 14: State Examinations Commission

Image on page 16: State Examinations Commission

Image on page 18: State Examinations Commission

Images on page 23: thejournal.ie; State Examinations Commission
Image on page 28: State Examinations Commission

Leaving Certificate — Sample Paper 35

Applied Mathematics — Higher Level



Copyright notice

This examination paper may contain text or images for which the State Examinations Commission is not the copyright
owner, and which may have been adapted, for the purpose of assessment, without the authors’ prior consent. This

examination paper has been prepared in accordance with Section 53(5) of the Copyright and Related Rights Act, 2000.
Any subsequent use for a purpose other than the intended purpose is not authorised. The Commission does not
accept liability for any infringement of third-party rights arising from unauthorised distribution or use of this
examination paper.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /Bahnschrift
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Candara-Light
    /Candara-LightItalic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CorbelLight
    /CorbelLight-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoloLensMDL2Assets
    /Impact
    /InformalRoman-Regular
    /InkFree
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /JavaneseText
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothic-Semilight
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /Nyala-Regular
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /Ravie
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiBold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Stephen Austin Distiller settings file V6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 822.047]
>> setpagedevice


