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INSTRUCTIONS 
 
 
 

1. Answer any FIVE questions. 
 
 

2. All questions carry equal marks. 
 

 
3. All answers must be written in ink on the answer book supplied. 

 
 

4. Diagrams should be drawn in pencil. 
 

 
5. Squared paper is supplied for graphs, as required. 

 
 

6. Please label and number carefully each question attempted. 
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Question 1.                         (50 marks) 

Give brief answers to any ten of the following: 

(a) Describe two ways in which wireless headsets have improved the in-game
experience of online gaming.

(b) Briefly describe the principle of operation of resistance spot welding
and give one example of where it is typically used.

(c) Discuss the contribution that any one of the following has made to technology:
(i) Ferdinand Porsche (ii) Hedy Lamarr (iii) Nikolaus Otto.

(d) Water drinkers for cattle are typically manufactured from
polyethylene which is UV light and frost resistant.  Describe a
polymer manufacturing process suitable for a water drinker.

(e) Give two reasons why tubular aluminium is used in scaffolding.

(f) Describe, with the aid of a diagram, the difference between single-acting
and double-acting pneumatic cylinders.

(g) Explain two benefits of using automatic hand sanitisers in schools.

(h) Outline two reasons why it may be necessary to operate drilling machines
at different speeds.

(i) Annealed copper tubing is typically used to replace damaged brake pipes in cars.
Briefly describe how copper is annealed.

(j) Give two benefits of using telescopic adjustment on the mobile phone
selfie stick shown.

(k) Explain the significance for having a safety factor of 5 (FoS = 5) on a structural beam.

(l) Identify two metals which are commmonly used to protect steel from oxidation.

(m) Outline two reasons for the use of composite materials,
such as carbon fibre and fibreglass, in the production of
modern kayaks.



Leaving Certificate 2021 
Engineering - Higher level 4  

Question 2.                                                                                                                              (50 marks) 
Answer all of the following: 

 

(a) Hybrid vehicle technology was first developed at the 
beginning of the 20th century and until recent 
decades it virtually disappeared from modern 
transport development.  
 

(i) Describe the term hybrid vehicle technology. 

(ii) Identify two benefits of using hybrid vehicles 
in urban transportation. 

                       
                                                                                                                                                     

(b) Ireland’s National Transport Authority (NTA) has extensively researched different types of 
hybrid vehicles as it plans to purchase up to 500 hybrid buses over the next five years. 
Explain each of the following types of hybrid vehicle technology: 
 

(i) Full hybrid;  

(ii) Mild hybrid; 

(iii) Plug-in hybrid.  

 
(c) Describe any one of the following in relation to hybrid vehicle technology: 

 

(i) Regenerative braking; 

(ii) Electric traction motors. 
 

 

(d) Hybrid vehicles are categorised by their design configuration.  
 

(i) Identify the hybrid vehicle configuration 
shown opposite. 

 

(ii) Describe, using the given labels, the 
operation of the hybrid vehicle shown. 

 
 
 
 

(e) Describe how hybrid vehicle technology may impact on any two of the following:                           
              
(i) Vehicle ownership;   

(ii) Environmental considerations; 

(iii) Vehicle maintenance. 

transmission     

battery 

engine 
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Question 3.                                                                                                                                 (50 marks) 
 

(a) Select any two from (a)(i), (ii) or (iii) below and explain the difference between the  
terms in each:  
 
 

(i) Brinell hardness test and Vickers hardness test; 
 
 

(ii) Yield strength and ultimate tensile strength; 
 

 

(iii) Izod impact testing and Charpy impact testing. 
 
 
 
 

(b) The results shown were obtained from a tensile test on an aluminium alloy specimen. 
 

 
 
 
 
 
 

 
(i) Using the graph paper supplied, plot the stress - strain diagram for the alloy. 

 
(ii) Determine the 0.1% proof stress for the alloy. 

 
(iii) Calculate Young’s Modulus of Elasticity for the alloy. 

 
 
 
 

 
 

(c) Non-destructive testing (NDT) of finished components is an essential part of quality 
control in engineering manufacture. 
 
 

(i) Describe, with the aid of suitable 
diagrams, the stages involved in liquid 
penetrant testing.  

 
 

(ii) Describe, with the aid of a diagram, a 
suitable non-destructive test to locate 
internal cavities in a welded joint. 

 

Stress (N/mm2) 
 

 

50 
 

125 
 

195 
 

260 
 

300 
 

330 
 

350 
 

352 
 

Strain (x1000) 
 

 

0.60 
 

1.40 
 

2.20 
 

3.00 
 

3.70 
 

5.00 
 

7.00 
 

8.50 
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Question 4.                                                                                                                                 (50 marks)
   

(a) Heat treatments are performed on steels and other 
metals to alter their properties. A surface hardening 
heat treatment process is shown opposite. 
 
(i) Identify and describe, with the aid of a diagram, 

the surface hardening process shown. 
 

(ii) Outline two benefits of performing the 
surface hardening heat treatment shown. 

 
  

(b) A simplified portion of the iron-carbon equilibrium diagram is shown.  
 

  
  

 
 
 
 
 
 
 
 
 
 
 
 

(i) Identify the regions A, B, C and D shown. 
 
(ii) Identify and explain the microstructure which is present at 0.83% carbon steel, up 

to 723°C. 
 

(iii) Describe the transformation that occurs at point X, with reference to temperature, 
composition and phase change. 

 
 

(c) Select any two from (i), (ii) or (iii) below and explain the difference between the terms  
in each:  
 

(i) Optical pyrometer and thermocouple pyrometer; 
 

(ii) Grey cast iron and white cast iron; 
 

(iii) Upper critical temperature (UCT) and lower critical temperature (LCT). 

% Carbon 1             2              3             4              5             6   

Te
m

pe
ra

tu
re

 °C
 

 
1400 

 
 

1000 
 
 

600 
 
 

200   
C 

A 

X 

B 

D 
0.83%

723°C 
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Question 5.                               (50 marks) 
  

(a) The crystal structures of three metals are shown opposite. 
 
(i) Identify the crystal structures A, B and C. 

 

(ii) Explain why crystal structure B is likely to be 
more ductile than crystal structure A.  

 
(iii) Describe two possible crystal point defects 

which may occur during metal solidification. 
 
 
 
 

(b) The table shows the solidification temperatures for various alloys of Cadmium and 
Bismuth. The melting temperature of Bismuth is 268°C and the melting temperature of 
Cadmium is 321°C. 
 

 

Using the graph paper supplied: 
 

(i) Draw the equilibrium diagram according to the given data, and label the liquidus 
and solidus lines and the eutectic point. 

 

(ii) For the alloy containing 75% Cadmium, determine from the diagram the ratio 
of the phases at 200°C. 

 

(iii) For the alloy containing 20% Cadmium, describe, with the aid of a diagram, the 
cooling curve for the alloy, referring to the solidification temperatures. 

 
 

(c) Select any two from (i), (ii) or (iii) below and explain the difference between the terms  
in each:  

 
(i) Solid solution alloy and partial solubility alloy; 

 
(ii) Crystalline and amorphous solid structures; 

 
(iii) Eutectic and eutectoid transformations.  

% of Cadmium in alloy 10 20 30 40 50 60 70 80 90 

Start of solidification (°C) 237 205 175 140 190 235 265 290 310 

End of solidification (°C) 140 140 140 140 140 140 140 140 140 

 A  B 

C 
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Question 6.                               (50 marks) 
 

(a) Answer any three of the following: 
 

(i) Outline two main features of electro-slag welding. 
 

(ii) Identify three safety features integrated into oxy-acetylene welding equipment. 
 

(iii) Explain the function of the earth clamp in arc welding units. 
 

(iv) Give two benefits of the formation of slag in manual metal arc welding. 
 
 

(b) Steel girders are frequently used to form a structural base in bridge construction. The 
girders are fabricated from long plates of steel that are continuously welded into the 
desired shape.  

 

(i) Describe, with the aid of a diagram(s), a 
suitable welding process to manufacture 
the girders for the bridge shown. 
 

(ii) Outline three safety precautions to be 
observed when operating a welding unit. 

 
(c) Describe, with the aid of a diagram(s), Tungsten Inert Gas welding (TIG), under each 

of the following headings: 
 

• Principle of operation 
• Electrode type 
• Method of preventing oxidation 
• Applications. 

 
OR 

 
(c) Robotic assisted surgery (RAS) is the most advanced form of “key hole” surgery now 

available. The robotic arms and instruments are controlled by the surgeon who is 
positioned at a console nearby. 

 

(i) Explain the following terms in relation to the 
robotic assisted surgery (RAS): 
 

• Degrees of freedom 
• Machine vision. 

 

(ii) Describe the important role played by stepper 
motors in the control of robotic arms. 
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Question 7.                       (50 marks) 
 

  
(a) Polylactic acid (PLA) filament, as shown, is a thermoplastic bioplastic extensively used as a 

feedstock material in 3-D printing. 
 

(i) Explain the term bioplastic. 
 

(ii) Name and explain a suitable  
polymer manufacturing process  
used to produce the polylactic  
acid (PLA) filament.  

 

(iii) Give two reasons for the use of  
polylactic acid (PLA) in 3-D printing.  

 
 
 

(b) Answer any three of the following: 
 

(i) Describe the main differences between natural rubber and synthetic rubber. 
 

(ii) Describe the manufacturing process of plastic pultrusion shown below.  
 

 
 
  
 
 
 
 

  
 
 

(iii) Outline two negative effects on the environment of petroleum-based polymer 
manufacture. 

 

(iv) Describe, with the aid of a diagram, the ethylene monomer. 
 

(v) Explain the polymer manufacturing process of vacuum forming. 
 
 
 

(c) The water dispenser shown has a detachable water bottle made from the 
thermoplastic Polyethylene terephthalate (PET), which can be replaced 
when empty. 

 

(i) Describe, with the aid of a diagram, a suitable polymer 
manufacturing process to make the water bottle. 
 

(ii) Identify and describe two polymer additives which may be 
used during the manufacturing of the water bottle.  

guide plate 
forming and curing die 

preformer cut-off 

resin 
bath 

pulling mechanism 
fibre creel 

polylactic acid (PLA) 
filament 
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Question 8.                                                                                                                                   (50 marks) 
 

(a) A polycarbonate machine guard is fitted to the centre lathe shown. It is used as a safety 
device to protect the user.  
 

(i) Outline three safety hazards associated with the use 
of a centre lathe in the engineering classroom.  

 
(ii) Describe two advantages for the use of 

polycarbonate in the manufacture of machine guards.  
 
 

 
(b) Answer any three of the following: 

 

(i) Explain the difference between a clearance hole and a tapping size hole in drilling. 

(ii) Identify two safety features incorporated into a horizontal bandsaw. 

(iii) Explain two ways in which cutting fluids help the machining process. 

(iv) Describe, with the aid of a diagram, the formation of a built-up edge in metal cutting. 
 

(v) Outline two reasons for dressing a grinding wheel. 

 
 

(c) Precision surface grinding in plastic injection mould making is essential in order to 
produce high quality, high volume moulds.  
 

(i) Explain, with the aid of a diagram(s), 
the precision surface grinding process. 
 

(ii) Outline one method of securely holding ferrous metals 
during the surface grinding process. 

 
OR 

 
(c) The vertical CNC milling machine shown is used to produce complex shapes through  

a process known as a subtractive manufacturing. 
 

(i) Explain the term subtractive manufacturing in 
relation to CNC milling. 
 

(ii) Describe each of the following CNC terms: 
 

• Automatic tool change 
• Tool offsets.  
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Question 9.                                                             (50 marks) 
 

(a) The hand-operated lifting unit shown opposite uses a leadscrew mechanism 
to raise and lower ride-on lawnmowers for servicing. 

 

(i) Describe, with the aid of a diagram(s), the 
operation of the leadscrew mechanism in lifting 
the ride-on lawnmower. 

 

(ii) Describe, with the aid of a diagram(s), one other 
method of lifting a ride-on lawnmower safely. 

  
 

(b) Answer any three of the following: 
 

(i) Suggest two benefits of using grease over oil to lubricate mechanisms. 

(ii) Identify one use for the toggle mechanism shown opposite. 

(iii) Describe, with the aid of a diagram, the operation of an idler gear.  

(iv) Describe one safety precaution that should be incorporated into the design  
of a gear drive mechanism. 
 

(v) Explain, with the aid of a diagram, the operation of a universal joint. 

 
(c) Combilift, a manufacturing company based in Co. Monaghan, specialise in 

multi-directional forklifts that are changing the way companies handle and 
store goods. 
 

(i) Describe, with the aid of a diagram(s), a suitable 
lifting mechanism for the forklift. 

 

(ii) Describe how the design of the multi-directional 
forklift helps to improve workplace safety. 

 
OR 

 
(c) Offshore wind energy is an ever-increasing form of renewable energy around the  

coast of Ireland. 
 

(i) Describe, with the aid of a diagram(s), how turbines 
convert wind energy into electrical energy. 

 

(ii) Outline one advantage and one disadvantage 
of offshore wind energy generation. 
 

leadscrew 



Leaving Certificate 2021 
Engineering - Higher level 12  

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Leaving Certificate – Higher Level  
 Engineering – Materials and Technology  
 Thursday 10 June  Morning 9:30 – 12:30 



<<
  /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
    /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
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-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
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /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
    /Impact
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaConsole
    /LucidaSansUnicode
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /Narkisim
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /Raavi
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /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
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /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




