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Scien�fic	  Objec�ve	  

The	  evolu�on	  of	  High	  Power	  Microwave	  (HPM)	  sources	  has	  entered	  

the	  third	  era:	  

  First	  era	  –	  power	  derby	  between	  researchers	  in	  US	  and	  USSR/

Russia	  (1960’s	  –	  early	  1990’s)	  

  Second	  era	  –	  pulse	  shortening,	  emergence	  of	  virtual	  prototyping	  

(early	  1990’s	  –	  early	  2010’s)	  

  Third	  era	  –	  effects-‐based	  source	  development,	  interest	  in	  HPM	  

amplifiers	  (viz.,	  dispersion	  engineering	  using	  metamaterials)	  (2010’s	  

–	  present)	  
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Who	  We	  Are	  

  University	  of	  New	  Mexico	  (UNM)	  –	  Lead	  Ins�tu�on	  -‐	  Schamiloglu	  

  Massachuse�s	  Ins�tute	  of	  Technology	  (MIT)	  –	  Temkin	  
  Ohio	  State	  University	  (OSU)	  –	  Volakis	  
  University	  of	  California,	  Irvine	  (UCI)	  –	  Figo�n	  
  Louisiana	  State	  University	  (LSU)	  –	  Lipton	  
  University	  of	  Strathclyde,	  UK	  (US)	  –	  Cross	  
  University	  of	  Huddersfield,	  UK	  (UH)	  -‐	  Seviour	  	  
	  *satellite	  efforts	  in	  blue	  
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  Analy�cal	  Theory	  (UCI	  using	  first	  principle	  Lagrangian	  and	  mul�-‐
transmission	  line	  dervia�ons	  of	  Pierce	  model	  for	  traveling	  wave	  
tube	  (TWT);	  LSU	  developing	  mul�scale	  representa�on	  of	  solu�ons	  
of	  Maxwell’s	  equa�ons	  inside	  structured	  metals;	  UNM	  using	  group	  
theory	  to	  design	  metallic	  metamaterials)	  

  Par�cle-‐in-‐cell	  and	  Electromagne�c	  Simula�ons	  for	  Virtual	  
Prototyping	  (UNM,	  MIT,	  OSU	  for	  interac�on	  structure	  design)	  

  Experiments	  (UNM	  and	  MIT	  for	  study	  of	  beam/wave	  interac�on	  in	  
metamaterial	  SWSs;	  UNM	  for	  metamaterial	  survivability	  studies	  
using	  op�cal	  and	  plasma	  diagnos�cs)	  

Technical	  Approach	  
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  Effects-‐based	  high	  power	  microwave	  amplifiers	  offer	  a	  paradigm	  
shi�	  as	  to	  how	  to	  employ	  directed	  energy	  microwaves	  for	  
electronic	  a�ack	  

  Dispersion-‐engineered	  metamaterial	  slow	  wave	  structures	  offer	  
poten�al	  beam/wave	  interac�ons	  that	  do	  not	  exist	  for	  slow	  wave	  
structures	  made	  using	  standard	  materials	  

  This	  opens	  the	  parameter	  space	  to	  study	  new	  device	  concepts	  and	  
explore	  new	  interac�ons	  to	  achieve	  new	  capabili�es	  across	  a	  wider	  
range	  of	  the	  electromagne�c	  spectrum	  

Why	  is	  this	  an	  Important	  Area	  of	  Research?	  
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Budget	  Overview	  

             
   

 

              
          

            
             
              

             
                

                
               

               
            

    
 
  

 
            

             
                

           
             

              
 

   
               

                
        

 
      

                
             

             
            

             
            
    

         

University Year 1 Year 2 Year 3 Year 4 Year 5 Total/Univ. 

UNM 395k 395k 395k 395k 395k 1.975M 

MIT 375k 375k 375k 375k 375k 1.875M 

OSU 175k 175k 175k 175k 175k 0.875M 

UCI 350k 350k 350k 350k 350k 1.750M 

LSU 205k 205k 205k 205k 205k 1.025M 

Total/Year 1.500M 1.500M 1.500M 1.500M 1.500M 7.500M 

We	  are	  here	  (Year	  2	  anniversary	  date	  30	  September	  2014)	  	  
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Who	  We	  Are	  -‐	  Con�nued	  
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…	  and	  Two	  UK	  Satellite	  Efforts	  
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Collabora�ons	  To-‐Date	  

University	  of	  
New	  Mexico	  

	  

MIT	  
	  

OSU	  
	  

UC-‐Irvine	  
	  

LSU	  
	   Huddersfield	  

	  

Strathclyde	  
	  

Advisory	  Board	  Members	  
	  
Dr.	  Dave	  Abe,	  Naval	  Research	  
Laboratory,	  Washington,	  DC	  
	  
Dr.	  Richard	  Albanese,	  ADED	  Co.,	  San	  
Antonio,	  TX	  	  
	  
Dr.	  Carter	  Armstrong,	  L-‐3	  	  
Communica�ons	  EDD,	  San	  Carlos,	  CA	  
	  
Dr.	  Bruce	  Carlsten,	  Los	  Alamos	  
Na�onal	  Laboratory,	  Los	  Alamos,	  NM	  
	  
Mr.	  Charles	  Chase,	  Lockheed	  Mar�n,	  
Palmdale,	  CA	  
	  
Mr.	  Chuck	  Gilman,	  SAIC	  (re�red)	  
Albuquerque,	  NM	  
	  
Dr.	  John	  Pe�llo,	  SAIC	  Boston,	  MA	  
	  
Dr.	  Don	  Shiffler,	  AFRL/RD,	  Kirtland	  
AFB,	  NM	  
	  
Dr.	  Don	  Sullivan,	  Raytheon-‐Ktech,	  
Albuquerque,	  NM	  
	  
Dr.	  Pravit	  Tulyathan,	  Boeing,	  
Hun�ngton	  Beach,	  CA	  
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Progress	  To-‐Date	  

Our	  philosophy	  is	  to	  explore	  novel	  metamaterial	  slow	  wave	  structures	  
(SWSs)	  and	  explore	  new	  SWS	  concepts	  based	  on	  tradi�onal	  materials	  
–	  dispersion	  engineering!	  
	  

  Revisit	  beam/structure	  interac�ons	  in	  theory	  and	  reconsider	  Pierce	  
Theory	  for	  metamaterial-‐based	  SWSs	  (UCI)	  –	  this	  is	  important	  
because	  recent	  studies	  at	  MIT	  suggest	  behavior	  of	  metamaterial-‐
based	  backward	  wave	  oscillator	  very	  different	  from	  tradi�onal	  one	  
(viz.,	  dependence	  on	  Ibeam/Istart)	  

  Explore	  novel	  metamaterial-‐based	  SWSs	  (MIT,	  UNM,	  LSU,	  UH)	  –	  in	  
this	  manner	  dispersion	  rela�ons	  to	  be	  engineered	  that	  cannot	  be	  
made	  using	  tradi�onal	  materials	  



16/39	  

              Department of Electrical & Computer Engineering  

  Explore	  new	  SWSs	  based	  on	  tradi�onal	  materials	  and	  sub-‐
wavelength	  periods	  (UNM,	  OSU,	  US)	  –	  this	  is	  important	  because	  
there	  is	  no	  guarantee	  that	  a	  metamaterial-‐based	  SWS	  will	  
necessarily	  lead	  to	  a	  be�er	  device	  

  Explore	  metamaterial	  SWSs	  in	  the	  HPM	  environment	  (UNM,	  UH)	  –	  
this	  is	  important	  in	  order	  to	  engineer	  metamaterial	  SWSs	  that	  can	  
survive	  in	  the	  HPM	  environment	  

  Include	  nonlinear	  elements	  in	  metamaterial	  SWSs	  (UNM)	  –	  this	  
adds	  agility	  and	  reconfigurability	  to	  future	  devices	  

Progress	  To-‐Date	  
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Analy�cal	  Theory	  -‐	  UCI	  

Coupled(cavity(TWT(

MTL(segment(interac8ng(with(e(beam(

!  New amplification regimes in waveguides with at least two EM modes 
interacting with a space-charge wave (SCW). Both EM modes are 
synchronous with the SCW velocity. 

!  Enhanced gains in TWTs based on periodic multiple transmission lines, 
especially when using two EM modes both synchronous with the SCW. 

!  “Frozen modes” based on the degenerate band edge (DBE) yield gigantic 
TWT gains. 

!  Two interacting EM modes with e-beam provide for more flexibility to 
engineer dispersion diagrams and wide band TWT amplifiers. 

!  Extension and advancement of the Pierce theory to periodic multiple 
transmission lines  interacting with a SCW. 
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Analy�cal	  Theory	  -‐	  UCI	  

   

             
      

              
           

            
            

          
              

              

Frozen mode amplifiers: 

5Gain L
We have conceived a novel 

approach for pulse compression  
based on DBE. 

Develop designs of novel backward wave oscillators (BWO) based on 
frozen mode regimes (a weak e-beam can produce a strong output signal). 

  TWT with super amplification via 
the DBE mode.  
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Analy�cal	  Theory	  -‐	  LSU	  

' ' ' ' ' '
' ' ' ' '

' ' ' ' ' ' '
' ' ' '

The$LSU$team$develops$mathema1cal$methods$enabling$
systema1c$design$of$metamaterial$structure$for$controlling$
beam$wave$interac1on$inside$High$Power$Traveling$Wave$Tube$
Amplifiers$
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Analy�cal	  Theory	  -‐	  LSU	  
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Analy�cal	  Theory	  -‐	  UNM	  
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Virtual	  Prototyping/Exp’t	  –	  UNM	  Broadside	  Coupled	  SRR	  
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Virtual	  Prototyping/Exp’t	  –	  UNM	  Broadside	  Coupled	  SRR	  
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Virtual	  Prototyping/Exp’t	  –	  UNM	  Broadside	  Coupled	  SRR	  
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SRR	  provides	  nega�ve	  μ	  
	  
Below	  waveguide	  cutoff	  
provides	  nega�ve	  ε	  
	  
Experiments	  planned	  

Virtual	  Prototyping/Exp’t	  –	  UNM	  Broadside	  Coupled	  SRR	  
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Virtual	  Prototyping/Exp’t	  –	  MIT	  Double	  Nega�ve	  SWS	  
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  p   

Complete design of MTM Backward Wave Oscillator Experiment 
500 kV, 80 A electron gun operates in 2 microsecond pulses 
Design for 6 MW of output power near 2.856 GHz 
All parts for the MTM structure have been designed and are on order, 
many have been received 

First operation expected late Summer or early Fall 

Metamaterial Experiment Layout 
Lab setup showing electron gun and 
magnets; grad student Jason Hummelt 

Virtual	  Prototyping/Exp’t	  –	  MIT	  Double	  Nega�ve	  SWS	  
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Backward Wave 
Oscillator (BWO’s)   

Conventional slow 
wave structure unit 
cell 

BWO schematic  

Available/Nominal BWOs 

 Megawatt class device  

 20% power conversion efficiency 

 Fully metallic design 

New Slow Wave Structure  

Much more compact design 

Higher interaction impedance (larger power coupling) 

Much Improved spectral purity of output signal 

50% to 100% better efficiency 

New Slow Wave Structure (SWS) Design  Results  
Mode dominance: Spectral Purity 

Increased interaction impedance 
(

Higher power coupling 
    at least 50% higher efficiency

Virtual	  Prototyping	  –	  OSU	  Double	  Nega�ve	  SWS	  
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Virtual	  Prototyping/Exp’t	  –	  UNM	  Metamaterial	  Survivability	  
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Virtual	  Prototyping/Exp’t	  –	  UNM	  Metamaterial	  Survivability	                       

A set of in situ optical diagnostics is being implemented to observe 
MTM breakdown performance in real time. 

Fast visible camera (1 ns, single frame) 
Breakdown initiation and localization 

Fast photomultiplier array 
Time history 

Visible survey spectroscopy 
Identification of species involved in breakdown 

Visible high resolution spectroscopy 
Ion/neutral temperature (breakdown characteristics) 
Breakdown plasma density via Stark broadening 

Electric field strength via Stark splitting 
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Virtual	  Prototyping/Exp’t	  –	  Time	  Response	  of	  Metamaterials	                       

Cold Test Stand CST Simulations 
SRR’s in propagating w/g 

t 

S21 vs. f 

Input 

Output 

CW 
Source 

Fast PIN 
switch 

Fast 
Detector 

To scope w/g with 
MTM 

Investigate 
1. Time response of 

standard MTM’s 
(SRR’s) and new 
MTM’s for HPM        

 how to optimize? 
2. Behavior in 

propagating and 
cutoff w/g, including 
DN MTM/waveguide 

3. TE10 and other modes 
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Challenges	  We	  Have	  Iden�fied	  

  The	  �me	  response	  of	  metamaterials	  to	  electromagne�c	  fields	  is	  
much	  longer	  than	  the	  �me	  response	  of	  conductors	  

  The	  slow	  group	  velocity	  of	  metamaterial	  structures	  demands	  long	  
pulse	  electron	  beams	  in	  order	  to	  achieve	  satura�on	  

  There	  are	  preliminary	  indica�ons	  that	  beam/wave	  interac�on	  
theory	  for	  metamaterial	  SWSs	  needs	  to	  be	  further	  developed	  and	  
does	  not	  follow	  the	  established	  theory	  for	  tradi�onal	  metallic	  
SWSs	  
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Produc�vity	  Data	  -‐	  Graduate	  Student	  Teleseminars	  To-‐Date	  

The	  inaugural	  MURI	  graduate	  student	  teleseminar	  took	  place	  March	  1,	  2013	  
	  
Student	  teleseminars	  take	  place	  on	  the	  first	  Friday	  of	  each	  month	  at	  11	  AM	  
Eastern	  Time	  US,	  4	  PM	  GMT	  
	  
  March	  01,	  2013	   	   	  University	  of	  New	  Mexico	  
  April	  05,	  2013	   	   	  Massachuse�s	  Ins�tute	  of	  Technology	  
  May	  03,	  2013	  	   	   	  Ohio	  State	  University	  
  June	  07,	  2013	  	   	   	  Louisiana	  State	  University	  
  June	  25,	  2013	  	   	   	  University	  of	  Strathclyde	  
  August	  02,	  2013	   	   	  University	  of	  New	  Mexico	  
  September	  06,	  2013 	  Massachuse�s	  Ins�tute	  of	  Technology	  
  October	  04,	  2013 	   	  Ohio	  State	  University	  
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Graduate	  Student	  Teleseminars	  To-‐Date	  

  December	  06,	  2013 	  Louisiana	  State	  University	  
  February	  07,	  2014	   	  University	  of	  New	  Mexico	  
  March	  07,	  2014 	   	  University	  of	  Huddersfield	  
  April	  04,	  2014	   	   	  Massachuse�s	  Ins�tute	  of	  Technology	  
  May	  02,	  2014	   	   	  Ohio	  State	  University	  
  June	  06,	  2014	   	   	  Louisiana	  State	  University	  
  August	  01,	  2014 	   	  UC	  Irvine	  
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Produc�vity	  Data	  –	  To-‐Date	  

Team # Journal 
Papers in 

Print 

# Journal 
Papers in 
Review 

# Conference 
Papers 

# Post Docs # Graduate 
Students 

# Undergrad 
Students 

UNM 2 1 22 2 5 2 
MIT 3 1 4 0 4 1 
OSU 0 1 5 1 2 0 
UCI 2 1 0 2 2 0 
LSU 2 1 0 1 1 0 
       
TOTALS 9 5 31 6 14 3 
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Accolades	  To-‐Date	  

  Dr.	  Robert	  Lipton	  (LSU)	  elected	  Fellow	  of	  the	  American	  Associa�on	  for	  the	  
Advancement	  of	  Science	  in	  2013	  

  Dr.	  Richard	  J.	  Temkin	  (MIT)	  received	  the	  2013	  IEEE	  NPSS	  PSAC	  Plasma	  
Science	  and	  Applica�ons	  Award	  

  Dr.	  Edl	  Schamiloglu	  (UNM)	  received	  the	  2013	  IEEE	  NPSS	  Richard	  F.	  Shea	  
Dis�nguished	  Member	  Award	  

  Dr.	  Christos	  Christodoulou	  (UNM)	  promoted	  to	  Dis�nguished	  Professor	  in	  
2013	  

  Keynote	  Invited	  Talk	  at	  the	  Intl.	  Vacuum	  Electronics	  Conf.	  2014,	  Monterey,	  
CA:	  “Design	  of	  a	  High	  Power	  S-‐Band	  Metamaterial	  Backward-‐Wave	  
Oscillator,”	  J.	  Hummelt,	  S.	  Lewis,	  M.	  Shapiro,	  R.	  Temkin	  (MIT)	  

  Dr.	  Edl	  Schamiloglu	  (UNM)	  promoted	  to	  Dis�nguished	  Professor	  in	  2014	  
  Dr.	  Edl	  Schamiloglu	  (UNM)	  received	  Interna�onal	  Electrotechnical	  
Commission	  (IEC)	  1906	  Award	  (for	  excep�onal	  achievement)	  
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Future	  Plans	  

  UNM	  to	  hot	  test	  its	  broadside-‐coupled	  SRR	  SWS	  and	  compare	  with	  virtual	  
prototyping	  

  UNM	  to	  work	  with	  OSU,	  UCI,	  LSU	  to	  iden�fy	  op�mal	  SWS	  to	  construct	  and	  
hot	  test	  

  MIT	  to	  op�mize	  its	  DN	  SWS	  and	  suggest	  improvements	  
  Compare	  experimental	  data	  with	  virtual	  prototyping	  (UNM,	  MIT,	  OSU,	  UCI,	  
LSU)	  

  Elaborate	  on	  the	  slow	  response	  �me	  of	  metamaterial	  SWSs	  
  Refine	  beam/wave	  interac�on	  theory	  to	  account	  for	  metamaterial	  SWS	  
(UNM,	  MIT,	  UCI)	  

  Experimentally	  study	  metamaterial	  SWS	  survivability	  and	  propose	  failure	  
model	  (UNM,	  UH)	  

  Study	  advanced	  SWSs	  made	  using	  tradi�onal	  materials	  and	  compare	  with	  
metamaterial	  SWS	  performance	  (OSU,	  US)	  
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h�p://www.ece.unm.edu/FY12MURI/	  
	  

AFOSR	  MURI	  Grant	  FA9550-‐12-‐1-‐0489	  



<<
  /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


