
 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

!"#$%&'()*&"+ -&.-$/""0&+. 1"#2( 3$4*).2 /(5"/""02(4 
6"( .("7+8$')428 )4*("+"9&/)0 &+4*(792+*)*&"+ 

 
"#$% &'()*+', &#'-./)012 /13)-' 

'40$)5#'- 6)078#$- 9*2#$:'7)$;, <'$=.6>8?'$32>81=%.67$'22# @, ABCDA "'$>81-E *#1 FG->8#-, 
"#$H'-; 

:;<=>:?=   

I812 5'5#$ %#2>$1*#2 78# )07>)H# )J ' 20$:#; $#:1#?1-E >)HH#$>1'==; ':'1='*=# 27'7#.)J.78#.'$7 81E8.>))=1-E 5)?#$ @.
27'E# >$;)>))=#$ 2;27#H2 J)$ ' 5)7#-71'= 02# 1- 5)?#$J0= 2>1#-71J1> 1-27$0H#-72 J)$ E$)0-%.*'2#% '27$)-)H;K L# 5$#2#-7 
78# %#:#=)5H#-7 )J ' %#%1>'7#% 7#27.*#% '2 ?#== '2 :1*$'71)- '-% 5#$J)$H'-># H#'20$#H#-72 )- %1JJ#$#-7 @.27'E# 
$#J$1E#$'7)$ 2;27#H2K M2 ' $#20=7 )J 7812 1-:#271E'71)- 5$)E$'H, )-# 2;27#H ?'2 2#=#>7#% '2 469N2 -#? 27'-%'$% @O < 
>=)2#% >;>=# >))=#$ )JJ#$1-E 20*27'-71'= '%:'-7'E#2 1- J=#P1*1=17; '-% )$1#-7'71)- 1-2#-2171:17; '=)-E ?178 *#27 >)H5$)H12# 
J)$ ' =)? :1*$'71)- %#:1># ?178 81E8 >))=1-E 5)?#$K I8# -#? >$;)>))=#$ 7;5# ?'2 1-7#E$'7#% ?178 Q/I 1-27$0H#-7'71)-K 
M >)->#57 J)$ ' >)H5$#8#-21:# :1*$'71)- 7#27 5$)E$'H '7 Q/I 12 5$#2#-7#% 1- )$%#$ 7) %#J1-# '%H1221*=# :1*$'71)- 25#>7$' 
J)$ J070$# 1-27$0H#-7'71)-K 

@25#"(84A R$;)E#-1>2, >=)2#% >;>=# >))=#$, :1*$'71)-, Q/I.S, E$)0-%.*'2#% '27$)-)H; 
 

BC DE=>FGH?=DFE  
4P7$#H# $#2)=071)- >'5'*1=171#2 '-% 1->$#'2#% 2#-2171:171#2 )J H)%#$- 7#=#2>)5#2 '-% 1-27$0H#-7'71)- 1H5=1>'7# 21E-1J1>'-7 
202>#571*1=171#2 7) H#>8'-1>'= %1270$*'->#2K 425#>1'==; J)$ 78# :#$; 2#-2171:# Q/I.S #P5#$1H#-72 T78# ?)$=%N2 ='$E#27 
1-7#$J#$)H#7#$U #:#- =)? =#:#= #P>17#% :1*$'71)-2 '$# :#$; >$171>'= )$ 0-'>>#57'*=#K F#>8'-1>'= >=)2#% >;>=# >))=#$2 ?#$# 
1-7$)%0>#% '7 469 '=H)27 @O ;#'$2 'E)K I8#; '$# H'1-=; 02#% 7) 5$):1%# 78# >$;)E#-1> 7#H5#$'70$# =#:#=2 '2 $#V01$#% J)$ 
1-J$'$#% %#7#>7)$2 '-% 1-27$0H#-72K 9:#$ 78# ='27 7?) %#>'%#2 78# 5#$J)$H'-># '-% $#=1'*1=17; )J 78#2# >$;)>))=#$2 8'2 
>)-27'-7=; 1H5$):#% '-% 78#1$ $#='71:#=; =)? H'1-7#-'-># '-% )5#$'71)- #JJ)$7 >)H5'$#% 7) >)H5=#P >$;).J=01% 2;27#H2 
?'2 1->$#'21-E=; '55$#>1'7#%K W)?'%';2 H'-; >)H5'-1#2 '$# )JJ#$1-E X5=0E '-% 5=';N 81E8.>))=1-E 5)?#$ $#J$1E#$'7)$ 
2;27#H2 *'2#% )- 5$):#- 7#>8-)=)E; ':'1='*=# )JJ.78#.28#=JK Y#2517# V017# ' -0H*#$ )J *#-#J172, '== 78#2# >))=#$2 '=2) 
1-%0># 5)7#-71'= 5$)*=#H '$#'2 J1$27 )J '== -)-.-#E=1E1*=# H#>8'-1>'= :1*$'71)-2K L178 78# ='27 27'E# )J >)H5=#71)- )J 78# 
Q/I.S-7#$J#$)H#7#$ ' -#? %1H#-21)- 1- 2#-2171:17; ?'2 '>81#:#% '=2) >=#'$=; $#:#'=1-E 5#$70$*'71)-2 >'02#% *; 78# 
>$;)>))=#$2 )J '%Z'>#-7 Q/I 1-27$0H#-72K M2 ' >)-2#V0#-># 469 27'$7#% '- #P7#-21:# :1*$'71)- $#%0>71)- >'H5'1E-K 9-# 
)J 78# 7'2(2 1-:)=:#% ?'2 ' >)H5$#8#-21:# 20$:#; '-% 7#27 5$)E$'H )J '=7#$-'71:# >$;)>))=#$ 2;27#H2K ['$71>0='$ 
#H58'212 ?'2 507 )- :1*$'71)-2 >'02#% *; 78#2# >$;)E#-1> $#J$1E#$'7)$2 7)E#78#$ ?178 %#H'-%1-E $#V01$#H#-72 )- 
>))=1-E 5)?#$ '-% )5#$'71)- 7#H5#$'70$# $'-E#K [)7#-71'= >'-%1%'7#2 8':# 7) H##7 78# J)==)?1-E 25#>1J1>'71)-2\  

! ]27 27'E# >))=1-E 5)?#$\   ]OO L ^AO < 
! @-% 27'E# >))=1-E 5)?#$\   B L ^@O < 
! /)?#27 $#'>8'*=# ]27 27'E# 7#H5#$'70$#\ DB < 
! /)?#27 $#'>8'*=# @-% 27'E# 7#H5#$'70$#\ ]O < 
! 9$1#-7'71)- J$## )5#$'71)- 
! X/)?N :1*$'71)-2 
! _#=1'*=# ':'1='*1=17; '-% 2#$:1>#  
! L#==.#-E1-##$#% 7#>8-)=)E; 

M7 J1$27 78# ':'1='*=# 7#>8-)=)E; ?'2 '22#22#%K I8#$# '$# J1:# >)HH)- 7;5#2 )J >$;)>))=#$2 *07 )-=; 2)H# )J 78#H 
$#'>8#% $#'= 1-%027$1'= 27'-%'$%K `'>1-E 78# $#V01$#H#-72 >))=#$2 *'2#% )- 50=2#.70*# T[IU '-% "1JJ)$%.F>F'8)- T"FU 

 

+EZ'()*^#2)K)$Ea 58)-# bDc Ac d@OOe]d]a J'P bDc Ac d@OOeBdOa ???K#2)K)$E  



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

5$1->15=#2 2##H 7) *# ?#== 2017#% )JJ#$1-E 81E8 >))=1-E >'5'>171#2 '-% J'1$=; E))% #JJ1>1#->1#2K [0=2#.70*#2 '$# (-)?- 7) 
8':# =)? :1*$'71)- =#:#=2 '2 78#; %) -)7 8':# H):1-E 5'$72 1- 78# >)=% #-%, *07 78#1$ 5#$J)$H'-># 12 81E8=; )$1#-7'71)- 
2#-2171:#K L8#$#'2 "F H'>81-#2 ?178 78#1$ >)=% %125='>#$ H#>8'-12H ?1== '=?';2 5$)%0># :1*$'71)-2 *07 '$# $)*027 
'E'1-27 '-; )$1#-7'71)-K I8#1$ ?1%#=; 02# 1- >$;)50H52 1- 2#H1>)-%0>7)$ J'*$1>'71)- =#% 7) H'-; 1H5$):#H#-72 '-% 81E8 
$#=1'*1=17;K         

 
`1E0$# ]\ WS6IN2 >)==#>71)- )J >$;)>))=#$ >'5'>171#2 '-% #JJ1>1#->1#2 T=#J7U, 2>8#H'71>2 )J >)HH)- >$;)>))=#$ 7;5#2 T$1E87U, f],@,dg  

M2 ' J1$27 $#20=7 78# 20$:#; '-% 7#27 5$)E$'H H'1-=; J)>02#% )- "1JJ)$%.F>F'8)- >))=#$2K 469N2 $#>#-7 27'-%'$% 81E8.
>))=1-E 5)?#$ @O < >$;)>))=#$ 78# 9#$=1()- /#;*)=% _"Y Bh]OO T='7#$ '=2) (-)?- '2 R99/[9L4_ Bh]OOU ?178 172 
5-#0H'71>'==; %$1:#- %125='>#$ ?'2 %#7#>7#% 7) *# ' H'Z)$ 2)0$># )J %1270$*'->#2K W#?#$ %#:#=)5H#-72 1H5=#H#-7 H)7)$ 
%$1:#- %125='>#$2 '-% >)H5'$'*=# $#J$1E#$'71)- 5)?#$K I8#1$ %1JJ#$#-7 %$1:1-E H#>8'-12H 12 2055)2#% 7) #P>17# =)?#$ 
:1*$'71)- =#:#=2K I8# J)==)?1-E 2;27#H2 ?#$# H'%# ':'1='*=# J)$ J0$78#$ 1-:#271E'71)-2 '-% J)$ >)H5'$12)- ?178 5$#2#-7 
27'-%'$%2\ 

! 9#$=1()- /#;*)=% R99/[9L4_ ]OFY 
! 60H17)H) T6iSU 6_Y<.DOAY@ '-% .DOAY 
! j$))(2 TRISU R$;)%;-# F.]OBO 
! 9PJ)$% S-27$0H#-72, M0271- 6>1#-71J1> ]OBO R6 
! 9#$=1()- /#;*)=% R99/[9L4_ DK@<    

3C =I<=$;IG 
M :'>00H :#22#= ?'2 %#21E-#% 7) 0-1:#$2'=.J17 2#:#$'= %1JJ#$#-7 >)=% 8#'% 7;5#2K I8# :#22#= 12 #V0155#% ?178 7?) 
7#H5#$'70$# 2#-2)$2, )-# J)$ #'>8 7#H5#$'70$# 27'E# )J 78# >)=% 8#'%, ?178 5)?#$ 8#'7#$ J)$ *)78 27'E#2, #=#>7$1>'= J##%.
78$)0E82, ' 5$#220$# E'0E# '-% :'=:#2 7) *# '*=# 7) >)--#>7 7) ' 50H51-E 0-17K M- )571)-'= $'%1'71)- 281#=% >'- *# 
H)0-7#% )- 78# ]27 27'E#K i#=10H =#'('E# 7#272 )J 78# '22#H*=1#2 ?#$# 5#$J)$H#% 7) #P>=0%# 1->)$$#>7 H#'20$#H#-72 )J 
>))=1-E 5)?#$K  

    
`1E0$# @\ @.27'E# >)=% 8#'% ?178 5)?#$ 8#'7#$2 '-% 7#H5#$'70$# 2#-2)$2 T=#J7U >)=% 8#'% H)0-7#% 1- :'>00H :#22#= T$1E87U 



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

Q'>00H :#22#= '-% 1-7#E$'7#% >)=% 8#'% '$# 2025#-%#% *; ' 21-E=# 27##= >'*=# 8'-E1-E ?1781- ' $1E1% '=0H1-0H *#'H 
J$'H#?)$(K Q1*$'71)- %'H5#$2 '$# H)0-7#% *#7?##- J$'H# '-% E$)0-% J=))$K I8# >)-J1E0$'71)- 12 21H1='$ 7) ' 21H5=1J1#% 
5#-%0=0H ?8#$# 172 J$#V0#->; 12 %#J1-#% *; 78# =#-E78 )J 78# >'*=# T'7 =#'27 J)$ 2H'== 'H5=170%#2UK Y1H#-21)-2 '$# 7) *# 
>8)2#- 7) E'1- ' 5#-%0=0H J$#V0#->; >=#'$=; *#=)? 78# #P5#>7#% =)?#27 >))=#$ J$#V0#->1#2 )J '*)07 ] i3\ 

6 J B K 3! L ".K!       MBN 
?178  E k cKA] Hh2@ '-% / ! @KB H 

     J ! OKd i3 
I812 '$$'-E#H#-7 '==)?2 J$## 8)$13)-7'= )2>1=='71)- )J >)=% 8#'% '-% :#22#= ?81>8 12 -#>#22'$; J)$ >)H5'$'71:# :1*$'71)- 
H#'20$#H#-72K M>>#=#$)H#7#$2 '$# '77'>8#% '7 78# )07#$ ?'== )J 78# :#22#=K S- )$%#$ 7) H#'20$# :1*$'71)-2 1- 78$## 
%1JJ#$#-7 >)=% 8#'% >))$%1-'7#2 78#1$ 2025#-21)- '-% )$1#-7'71)- >'- *# '%'57#% '>>)$%1-E=;K M- ``I 2)J7?'$# 12 02#% J)$ 
%'7' '>V012171)- '-% '-'=;212K    

             
`1E0$# d\ '=0H1-0H J$'H#?)$( ?178 J$## )2>1=='71-E >)=% 8#'% :'>00H '22#H*=; T=#J7U, %#J1-171)- )J >)=% 8#'% >))$%1-'7#2 T$1E87U 

OC ?FF!DEP QFRI> 
`)$ >))=1-E 5)?#$ #:'=0'71)- %1JJ#$#-7 =#:#=2 )J #=#>7$1>'= %12215'71)-2 ?#$# '55=1#% 7) 78# 5)?#$ $#2127)$2K ]27 '-% @-% 
27'E# 7#H5#$'70$#2 ?#$# $#'% )07 *; 021-E [7]OO '-% J0==; >'=1*$'7#% R#$-)P 2#-2)$2K `)$ 5$'>71>'= $#'2)-2 H)27 )J 78# 
H#'20$#H#-72 ?#$# 5#$J)$H#% ?178)07 281#=%K `)$ 78)2# '- 'H*1#-7 $'%1'71)- =)'% )J B.]O L %#5#-%1-E )- %1H#-21)-2 
'-% $#J=#>71:17; J'>7)$2 H'; *# '%%#% 7) 78# 5$#2#-7#% >))=1-E >'5'>171#2 )J *)78 27'E#2K S- )$%#$ 7) $#'>8 78# =)?#27 
'55$)'>8'*=# @-% 27'E# 7#H5#$'70$#, 2)H# )J 78# D < >))=#$2 ?#$# #V0155#% ?178 281#=%K S7 12 H)0-7#% )- 78# ]27 27'E#, 
#->=)21-E 78# @-% 27'E# >)H5=#7#=;K I8# 281#=% $#%0>#2 78# $'%1'71)- =)'% )- 78# @-% 27'E# J$)H B.]O L 7) 2)H# HL 
%#5#-%1-E )- 78# '>70'= ]27 27'E# 7#H5#$'70$# '-% 17 8'2 1-J=0#-># )- 78# >))= %)?- *#8':1)$ )J *)78 >)=% 8#'% 27'E#2K  

 
`1E0$# D\ >))= %)?- )J 0-5)?#$#% >)=% 8#'% ?178 '-% ?178)07 $'%1'71)- 281#=% 



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

 
`1E0$# B\ ]K27'E# >))=1-E 5)?#$ )J %1JJ#$#-7 "F >=)2#% >;>=# >))=#$2 

`1E0$# B 1==027$'7#2 78# ]27 27'E# >))=1-E 5)?#$ )J 1-:#271E'7#% >))=#$ 2;27#H2K I8# !25'"08 BSTG >$;)>))=#$, )5#$'7#% 
'7 -)H1-'= H)7)$ $#:)=071)- )J ]@O $5H, 8'2 ' H0>8 81E8#$ ]27 27'E# >))=1-E 5)?#$ 78'- 78# )78#$ H'>81-#2K I8# 
H#'20$#% ]]O L'77 ^ CC <#=:1- H##72 #'21=; 78# 469 $#V01$#H#-7 )J ]OO L'77 ^ AO <#=:1-K S7 12 78# )-=; @O < 2;27#H 
)JJ#$1-E '%Z027'*=# H)7)$ $#:)=071)-K I812 >'- *# #P#>07#% ?1781- 78# $'-E# )J @O.]eO $5H *; 1->$#H#-72 )J ]O $5HK 
i)? 78# >))=1-E 5)?#$ 12 %#5#-%1-E )- 78# 2#=#>7#% H)7)$ 25##% 12 28)?- 1- J1E0$# eK I8# H)7)$ 25##% 1-J=0#-># )- 
:1*$'71)- =#:#=2 12 5$#2#-7#% ='7#$K  
 
I8# >))=1-E 5)?#$ )J 78# ;(""U4 K ?=D BSVS >))=#$ ?'2 H#'20$#% *#1-E 1-2#-2171:# 7) %1JJ#$#-7 8#=10H 5$#220$#2 7) *# 
02#% J)$ )571H'= eOi3 )$ BOi3 )5#$'71)-, $#20=71-E J)$ *)78 8#=10H 5$#220$# )571)-2 1- ' ]27 27'E# >))=1-E 5)?#$ )J BO L 
^CC <, ?81>8 12 #:#- ?178 78# $'%1'71)- >)$$#>71)- T5=02 B.]O LU 2)H#?8'7 *#=)? H'-0J'>70$#$N2 25#>1J1>'71)- TeBL 
^CC <UK M- )571)-'= eO i3 J$#V0#->; >)-:#$7#$ 1->$#'2#2 78# @-% 27'E# >))=1-E 5)?#$ 2=1E87=;, ?81=# 78# ]27 27'E# 12 
-#'$=; 0-1-J=0#->#%K 
  
I8# <WD <>G@$XSYG3 D <.>))=#$ 8'2 '=2) ' $'78#$ =)? ]27 27'E# >))=1-E 5)?#$ *07 12 ?178 BB L ^CC < 271== l ]O.]Bm 
81E8#$ 78'- 78# RIS ]OBOK I8# )=%#$ :#$21)- )J 78'7 >))=#$ 7;5#, 78# <WD <>G@$XSYG, ?81>8 ?'2 02#% J)$ 469N2 
ISFFS.@ #P5#$1H#-7, 28)?#% ?178 CB L ^CA < *#77#$ 5#$J)$H'->#K 
 
I8# ]27 27'E# >))=1-E 5)?#$ )J 78# FZ6"(8 D+4*(792+*4 K :74*&+ </&2+*&6&/ BSVS ?< >))=#$ ?'2 H#'20$#% 7) *# 78# 
5))$#27 )J '== 7#27#% H'>81-#2 TDB L ^CC <U '-% 12 H)$# 78'- ' J'>7)$ )J @ 7)) =)? 7) H##7 78# 469 $#V01$#H#-7K 4:#- 
?8#- $#E'$%1-E ' H'P1H0H :'=0# J)$ 78# #JJ#>71:# 1-171'= $'%1'71)- 5)?#$ T]O L'77U, 78# H'-0J'>70$#$N2 25#>1J1>'71)- )J 
eB L'77 ^ CC <#=:1- >)0=% -)7 *# $#5$)%0>#%K  
 
I8# F2(0&U"+ !25'"08 ?QXC3@ 12 ' -#? %#:#=)5#% D <.>))=#$ ?178 V017# 81E8 ]27 27'E# >))=1-E 5)?#$K S7 12 78# )-=; D < 
2;27#H )JJ#$1-E '%Z027'*=# H)7)$ $#:)=071)-K F'-0J'>70$#$N2 25#>1J1>'71)-2 >'- *# >)-J1$H#% J)$ 81E8#$ H)7)$ $#:)=071)- 
)5#$'71)-2K M7 ]@O $5H :'=0#2 )J BO L ^BB < )$ CO L ^CC < >'- *# '>81#:#%K j#=)? cO $5H 78# >))=1-E 5)?#$ 12 
%#>$#'21-E '55$#>1'*=; TJ1E0$# eUK   
 
 
 
 



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

 

 
`1E0$# e\ 9#$=1()- /#;*)=% R[]OFY >))=1-E 5)?#$ '7 :'$1'*=# H)7)$ $#:)=071)-, >)H5'$#% 7) )5#$'71)- '7 -)H1-'=  

H)7)$ 25##% ]@O $5H 78# ]27 27'E# >))=1-E 5)?#$ %#>$#'2#2 '7 AO $5H *; ]em '-% '7 eO $5H *; ddm T=#J7Ua  
9#$=1()- /#;*)=% R[DK@< >))=1-E 5)?#$ '7 :'$1'*=# H)7)$ $#:)=071)-  

J)$ 7?) ]27 h @-% 27'E# =)'% >'2#2 O L h] L '-% BO L h ]L  T$1E87U 
 

 
`1E0$# C\ @K27'E# >))=1-E 5)?#$ )J %1JJ#$#-7 "F >=)2#% >;>=# >))=#$2 

`1E0$# C 1==027$'7#2 78# @-% 27'E# >))=1-E 5)?#$ )J 1-:#271E'7#% >))=#$ 2;27#H2 J)$ >#$7'1- ]27 27'E# =)'% >'2#2K S- 5$1->15=# 
'== 7#27#% >))=#$2 J0=J1== 78# 469 $#V01$#H#-7 )J B L ^@O < ?8#- '220H1-E 78# 1-171'= $'%1'71)- =)'% )J B.]O LK I8# @O 
<.>))=#$ !25'"08 BSTG[ 78# D <.>))=#$2 <WD <>G@$XSYG3[ <WD <>G@$XSYG '-% 78# !25'"08 ?QXC3@ '$# 
5)?#$J0= 2;27#H2 ?178 20JJ1>1#-7 H'$E1-2K 
    
W)-# )J 78# D <.>))=#$2 ?'2 J)0-% 7) 8':# ' @-% 27'E# >))=1-E 5)?#$ )J ] L ^DK@ < '2 25#>1J1#% *; 78#1$ H'-0J'>70$#$2K 
I8# !25'"08 ?QXC3@ 28)?#% ?178 ] L ^B < 78# *#27 :'=0#, J)==)?#% *; 78# ISFFS.@ >))=#$ <WD <>G@$XSYG ?178 ] 
L ^eK@ <K M== 78# )78#$2 '$# 7) *# $'%1'71)- >)$$#>7#%K 



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

XC ?>\F?FF!I> ]D;>:=DFE !I]I!< 
L178 7812 2#7.05 '*2)=07# H#'20$#H#-72 )J 78# :1*$'71)- =#:#=2 '$# 5$'>71>'*=; 8'$% 7) '>81#:#K S- 5$1->15=# 78# J$## 
)2>1=='71-E >)=% 8#'% H)0-7 12 21H1='$ J)$ '== >))=#$ 7;5#2, *07 12 5$'>71>'*=; 1-J=0#->#% *; 78# 271JJ-#22, 5)2171)-, =#-E78, 
28'5# #7>K )J 78# '77'>8#% 8#=10H =1-#2 T%'H51-EU '-% *; ?#1E87, 28'5# #7>K )J 78# >)=% 8#'%2 78#H2#=:#2K S7 ?'2 '1H#% 7) 
(##5 78#2# 5#$70$*'71)-2 '2 =)? '2 5)221*=# 1- )$%#$ 7) E#7 >)H5'$'71:# $#20=72K W#:#$78#=#22, -0H*#$2 )- '*2)=07# 
:1*$'71)- =#:#=2 8':# 7) *# 8'-%=#% ?178 >'$#, *07 78# 25#>7$'= #-#$E; %127$1*071)-2 '$# ?#== 2017#% 7) >)H5'$# 78# 
%1JJ#$#-7 >$;)>))=#$ :1*$'71)- 25#>7$'K 
F#'20$#H#-72 ?#$# 5#$J)$H#% 1- 7?) J$#V0#->; $'-E#2 O.ed i3 '-% O.] (i3 '=78)0E8 78# =)?#$ J$#V0#->; $'-E# 12 )J 
H'1- 1-7#$#27K `)$ '== 7#27#% >$;)>))=#$2 78# H'1- :1*$'71)- #P>17'71)- 12 E#-#$'7#% 1- n.'P12, ?81>8 12 78# $)7'71)- 
2;HH#7$1> 'P12 )J 78# >)=% 8#'%, $#25#>71:#=; 78# %1$#>71)- )J 78# %125='>#$ 27$)(#K F#'20$#% [6Y2 '-% 'H5=170%#2 1- o. 
'-% p. 'P#2, ?81>8 '$# H'1-=; >'02#% *; H)7)$ '-% :'=:# H):#H#-72, '$# *; '*)07 )-# )$ 7?) H'E-170%#2 =)?#$, #P>#57 
J)$ 78# /#;*)=% R[ Bh]OOK I;51>'= 71H# 21E-'=2 '$# 28)?- 1- J1E0$# AK  R)H5'$#% 7) 78# 5-#0H'71> 2;27#H R[ Bh]OO 78# 
21E-'=2 )J '== H#>8'-1>'= 2;27#H2 '$# H)$# 21-# =1(#K I8# '>>)$%1-E 25#>7$' 1- 78# O.ed i3 $'-E# '$# 28)?- *#=)?K     

   

" e i t s i g n a l  ( K a n a l  1 )

"
#

$%
& '

(
) *

+,

- . & /

+ 0 . & /

1 / & 1

1 & /

+ 2 / & 1

3 * 4 5  ' 6 )

/ & / 7 & // & 1 8 & / 8 & 1  
`1E0$# A\ 7;51>'= n.'P12 71H# 21E-'=2 )J ' "F 2;27#H ?178 5-#0H'71>'==; %$1:#- %125='>#$ R99/[9L4_ Bh]OO T=#J7U '-% 78# 

H#>8'-1>'= %$1:#- 2;27#H R99/[9L4_ ]OFY T$1E87U 

I8# !25'"08 ?""01"#2( VKBSS 8'2 78# H)27 q0->=#'-r 25#>7$0H )J '== 7#27#% H'>81-#2K MH5=170%# =#:#=2 )J 78# 
8'$H)-1>2 '$# 1- 78# 2'H# $'-E# )$ #:#- 81E8#$ 78'- 78# ]27 J$#V0#->; =#:#=2K Y'H51-E )$ #=1H1-'71)- )J '== $#2)-'-># 
J$#V0#->; 5#'(2 >'- *# :#$; >)H5=#PK  
I8# !25'"08 ?""01"#2( BSTG 8'2 ' V017# 50$# 21-# 25#>7$0H ?178 ' H)%#$'7# 5#'( '7 78# ]27 J$#V0#->; '-% V017# =)? 
'H5=170%#2 '7 78# 8'$H)-1>2K 95#$'7#% '7 eO $5H H)7)$ $#:)=071)-, 7812 >))=#$ 8'2 #:#- 78# =)?#27 'H5=170%# '7 78# ]27 
J$#V0#->; 5#'( )J '== 1-:#271E'7#% @O < >))=#$2K M=2) '7 -)H1-'= H)7)$ 25##% )J ]@O $5H 78# ]27 J$#V0#->; 5#'( 
'H5=170%# 12 >)H5#7171:# 7) 78# )78#$ >))=#$2, *07 12 )JJ#$1-E '=H)27 7?1># '2 H0>8 >))=1-E 5)?#$K  
I8# ]27 J$#V0#->; >'- *# 281J7#% ?1781- ' $'-E# )J OKdd i3 7) @KeC i3, %#5#-%1-E )- 78# 2#=#>7#% H)7)$ 25##% )J @O $5H 
7) ]eO $5HK M7 @O $5H 78# 25#>7$0H 12 '=H)27 J='7K I8# )571)- 7) 281J7 78# ]27 J$#V0#->; 12 *#-#J1>1'= ?8#- '%'571-E 78# 
>))=#$ 7) ' H#>8'-1>'= 2;27#H ?178 (-)?- #1E#-J$#V0#->1#2 1- 78# >$171>'= $#E1)-K R)H5'$#% 7) )78#$ >))=#$2, ?81>8 
8':# 78# ]27 J$#V0#->; J1P#% '7 ] i3 T'-% 8'$H)-1>2 '7 @ i3, d i3, D i3 #7>KU, 7812 >))=#$ 5$)%0>#2 )-=; 8'=J )J 78# 
#P>17#% 8'$H)-1>2 ?8#- )5#$'7#% '7 ]@O $5H T]27 J$#V0#->; '7 @ i3 .s 8'$H)-1>2 '7 D i3, e i3, A i3 #7>KUK   
I8# 60H17)H) >))=#$ <WD <>G@$XSYG3 8'2 ' $'78#$ 50$# 25#>7$0H ?178 ' V017# 27$)-E 5#'( '7 78# ]27 J$#V0#->; )J ] 
i3K I8# ]27 J$#V0#->; 'H5=170%# 12 >)H5'$'*=# 7) 78# /#;*)=% ]OFY >))=#$ '7 ]@O $5H, *07 >)H5'$#% 7) 7812 78# 
60H17)H) >))=#$ 17 12 )JJ#$1-E )-=; '*)07 8'=J )J 78# >))=1-E 5)?#$K  M=2) 78# 'H5=170%#2 )J 78# 8'$H)-1>2 '$# 81E8#$ 
78'- J)$ 78# /#;*)=% ]OFY )$ 78# RIS >))=#$K  
I8# ;(""U4 K ?=D BSVS ?(5"85+2 >))=#$ 8'2 )-# )J 78# 50$#27 25#>7$' )J '== 7#27#% H'>81-#2 ?178 ' 27$)-E 5#'( '7 78# 
]27 J$#V0#->; )J ] i3K I8# 'H5=170%# =#:#= )J 78# ]27 J$#V0#->; 12 81E8#$ 78'- 78# )-# J$)H /#;*)=%N2 ]OFY '7 eO $5H, 
*07 ' =177=# =)?#$ 78'- ]OFY )5#$'7#% '7 ]@O $5HK I8# 5#'(2 )J 78# 8'$H)-1>2 '$# 78# =)?#27 )J '== H'>81-#2K  
I8# FZ6"(8 D+4*(792+*4 K :74*&+ </&2+*&6&/ BSVS ?< 28)?2 21H1='$ >8'$'>7#$1271>2 78'- 78# RIS ]OBO, *07 78# ]27 
J$#V0#->; 'H5=170%# =#:#= 1- n.'P12 12 #:#- 81E8#$ 78'- )J RIS]OBO, '=78)0E8 8':1-E l]Om =#22 >))=1-E 5)?#$K  
I8# D<.>))=#$ !25'"08 ?QXC3@ ?8#- )5#$'7#% '7 ]@O $5H >$#'7#2 ' 21H1='$ 25#>7$' 78'- 78# @O < >))=#$ /#;*)=% R[ 
]OFYK j07 ?8#- )5#$'7#% '7 eO $5H 17 8'2 *; J'$ 78# =)?#27 ]27 J$#V0#->; 'H5=170%# '7 ]i3 )07 )J '== 7#27#% H'>81-#2K S- 
>)H*1-'71)- ?178 172 81E8 >))=1-E 5)?#$2 )- *)78 =#:#=2, 7812 D < >))=#$ H1E87 *# )J 1-7#$#27 J)$ :1*$'71)- 2#-2171:# 
]O<h@O<.2;27#H2 '2 ?#==K  

" e i t s i g n a l  ( K a n a l  1 )

"
#

$%
& '

(
) *

+,

7 9 & / /

+ 7 0 & / /

8 , & 7 1

+ / & 1 /

+ 8 2 & 7 1

3 * 4 5  ' 6 )

/ & / 0 & /7 & / 2 & / . & /

1+279)*&/ 454*29  92/-)+&/)0 454*29 



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

Spektrum (Kanal 1)

"
#

$%
& :

4;
 '(

) *
+,

1&///

/&/8/

,&91,

7&1/1

8&710

7</,8,=7</217

,<-022=7<971,

>?*@A*;B 'CB)

/&1 8//&/8//&/8/&/8&/

Spektrum (Kanal 1)

"
#

$%
& :

4;
 '(

) *
+,

1&//

/&//

,&91

7&1/

8&71

8</81.=7<02-/

7</,8,=/<21,.

,</2.-=/<7770

>?*@A*;B 'CB)

/&1 8//&/8//&/8/&/8&/

Spektrum (Kanal 1)

"
#

$%
& :

4;
 '(

) *
+,

1&//

/&//

,&91

7&1/

8&71

8</81.=2<-7-7

7</,8,=/<81--

>?*@A*;B 'CB)

/&1 8//&/8//&/8/&/8&/

Spektrum (Kanal 1)

"
#

$%
& :

4;
 '(

) *
+,

.&/

/&/

2&1

,&/

8&1

8</81.=.</7/.

7</,8,=/<7708

>?*@A*;B 'CB)

/&1 8//&/8//&/8/&/8&/

"
#

$%
& :

4;
 '(

) *
+,

/&/

1&/

7&1

>?*@A*;B'CB)

/&1 8//&/8//&/8/&/8&/

"
#

$%
& :

4;
 '(

) *
+,

/&/

1&/

7&1

7</,8,=/<7-90

>?*@A*;B'CB)

/&1 8//&/8//&/8/&/8&/  
`1E0$# c\ =1-#'$ :1*$'71)- 25#>7$' )J %1JJ#$#-7 "F >))=#$2 1- n.'P12, '*2>122' O.]OO i3, )$%1-'7# O.B HE T$#25K O.e HEU  

j)78 H#>8'-1>'= %$1:#- >$;)>))=#$ 2;27#H2 J$)H 9#$=1()- /#;*)=% 78# @O < '-% 78# D < 2;27#H )JJ#$ '%Z027'*=# H)7)$ 
25##%K I8# 1-J=0#-># )- :1*$'71)- =#:#=2 1- n.'P12 '-% 78# 281J7 )J 78# J$#V0#->; 12 28)?- 1- J1E0$#2 ]O.]d '2 )07>)H# J)$ 
78# R[ ]OFY '-% R[ DK@< 5)?#$ 25#>7$'= %#-217; T[6YU H#'20$#% 1- 78# O.ed i3 $'-E# J)$ %1JJ#$#-7 H)7)$ $#:)=071)-2K 
j#=)? AO $5H T]27 J$#V0#->; " ]Kdd i3U 78# '>>#=#$'71)- 'H5=170%#2 $#25#>71:#=; [6Y =#:#=2 '$# %#>$#'21-E 
#P5)-#-71'==; ?81>8 '$# )J E$#'7 '%:'-7'E# J)$ =)? :1*$'71)- '55=1>'71)-2K  

!25'"08 ?Q VKBSS  !25'"08 ?Q BSTG[ ^S (19 ;(""U4K?=D T$BSVS  

FZ6"(8K:74*&+ BSVS ?<  <WD <>G@$XSYG3 !25'"08 ?Q XC3@[ ^S (19  



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

L e i s t u n g s d i c h t e  ( K a n a l  1 )
"

#
$%

& :
4;

 '(
DE

C
B)

/ & / 8

8 / / & / * + 8 7

/ & / / 8

8 / / & / * + .

8 / & / * + .

8 & / * + .

8 / / & / * + -

8 / & / * + -

8 & / * + -

7 < . 1 . , = / < / / 8 -

1 < , 8 7 1 = / < / / / /

> ? * @ A * ; B  ' C B )

/ & 1 8 / / & /8 / / & /8 / & /

L e i s t u n g s d i c h t e  ( K a n a l  1 )

"
#

$%
& :

4;
 '(

DE
C

B)

/ & / 8

8 / / & / * + 8 7

/ & / / 8

8 / / & / * + .

8 / & / * + .

8 & / * + .

8 / / & / * + -

8 / & / * + -

8 & / * + -

8 < - 1 , 8 = / < / / 8 /

, < - 0 2 2 = / < / / / /

> ? * @ A * ; B  ' C B )

/ & 1 8 / / & /8 / / & /8 / & /

L e i s t u n g s d i c h t e  ( K a n a l  1 )

"
#

$%
& :

4;
 '(

DE
C

B)

/ & / / 7

8 / / & / * + 8 7

/ & / / 8

8 / / & / * + .

8 / & / * + .

8 & / * + .

8 / / & / * + -

8 / & / * + -

8 & / * + -

8 < 1 . 7 1 = / < / / 8 7

, < / 2 . - = / < / / / /

> ? * @ A * ; B  ' C B )

9 0 & 8 * + , 8 / / & /8 / / & /8 / & /8 & /

L e i s t u n g s d i c h t e  ( K a n a l  1 )

"
#

$%
& :

4;
 '(

DE
C

B)

/ & / / 8

8 / / & / * + 8 7

8 / / & / * + .

8 / & / * + .

8 & / * + .

8 / / & / * + -

8 / & / * + -

8 & / * + -

8 < / 8 1 . = / < / / / 8

7 < / , 8 , = / < / / / /

> ? * @ A * ; B  ' C B )

9 0 & 8 * + , 8 / / & /8 / / & /8 / & /8 & /  
`1E0$# ]O\ 5)?#$ 25#>7$'= %#-2171#2 )J R[ ]OFY '7 %1JJ#$#-7 H)7)$ $#:)=071)-2 

 
`1E0$# ]]\ R99/[9L4_ ]OFY J$#V0#->; 281J7 '-% :1*$'71)- =#:#=2 'E'1-27 H)7)$ $#:)=071)- 

B^S (19  B3S (19  

_S (19  ^S (19  



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

Le istungsdichte  (Ka na l 1)

"
#

$%
& :

4;
 '(

DE
C

B)

/&/8

8//&/*+87

/&//8

8//&/*+.

8/&/*+.

8&/*+.

8//&/*+-

8/&/*+-

8&/*+-

8<-1,8=/<//8/
1<-,91=/<////

>?*@A*;B 'CB)

/&1 8//&/8//&/8/&/

Le istungsdichte  (Kana l 1)

"
#

$%
& :

4;
 '(

DE
C

B)

/&/8

8//&/*+87

/&//8

8//&/*+.

8/&/*+.

8&/*+.

8//&/*+-

8/&/*+-

8&/*+-

8<.2/.=/<//8,

.<1.71=/<////

>?*@A*;B 'CB)

/&1 8//&/8//&/8/&/

Le istungsdichte  (Kana l 1)

"
#

$%
& :

4;
 '(

DE
C

B)

/&/8

8//&/*+87

/&//8

8//&/*+.

8/&/*+.

8&/*+.

8//&/*+-

8/&/*+-

8&/*+-

8<2022=/<//8.

2<1,8,=/<////

>?*@A*;B  'CB)

/&1 8//&/8//&/8/&/

L e i stu n g sd ic h te  (K a n a l  1 )

"
#

$%
& :

4;
 '(

DE
C

B)

/ &/ / 8

8 / / &/ * + 8 7

8 / / &/ * + .

8 / &/ * +.

8 &/ * +.

8 / / &/ * + -

8 / &/ * +-

8 &/ * +-

8 <, 7 0 8 =/ </ / 8 9

. <1 . 7 1 =/ </ / / /

>? * @ A * ; B  'CB )

/ &1 8 / / &/8 / / &/8 / &/

L e i stu n g sd ic h te  (K a n a l  1 )

"
#

$%
& :

4;
 '(

DE
C

B)

/ &/ / 8

8 / / &/ * + 8 7

8 / / &/ * + .

8 / &/ * +.

8 &/ * +.

8 / / &/ * + -

8 / &/ * +-

8 &/ * +-

8 <8 9 8 - =/ </ / / 8

7 <, 2 , 0 =/ </ / / /

>? * @ A * ; B  'CB )

/ &1 8 / / &/8 / / &/8 / &/

L e istu n g sd i c h te  (K a n a l  1 )

"
#

$%
& :

4;
 '(

DE
C

B)

/ &/ / 8

8 / / &/ * + 8 7

8 / / &/ * + .

8 / &/ * +.

8 &/ * + .

8 / / &/ * + -

8 / &/ * +-

8 &/ * + -

8 </ 8 1 . =/ </ / / /

7 </ , 8 , =/ </ / / /

> ?* @ A * ; B  'CB )

/ &1 8 / / &/8 / / &/8 / &/  
`1E0$# ]@\ 5)?#$ 25#>7$'= %#-2171#2 )J R[ DK@< '7 %1JJ#$#-7 H)7)$ $#:)=071)-2 

 
`1E0$# ]d\ R99/[9L4_ DK@< J$#V0#->; 281J7 '-% :1*$'71)- =#:#=2 'E'1-27 H)7)$ $#:)=071)- 

BSS (19  _S (19  

`S (19  ^S (19 

B3S (19  

YS (19  



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

VC GD<=H>;:E?I aF>?I< 
`)$ '- #:#- H)$# '55$)5$1'7# >)H5'$12)- -)$H'=13#% :'=0#2 )J %1270$*'-># J)$>#2 '$# >)-21%#$#%K I812 12 )*7'1-#% *; 
H0=715=1>'71)- )J H#'20$#% '>>#=#$'71)-2 ' 1- #P>17'71)- %1$#>71)- ?178 78# )2>1=='71-E H'22 FK  

a J T)45 L )      M3N 
`1E0$# ]D '-% 7'*=# ] 1==027$'7# 78# 1-%0>#% J)$>#2 )J '== 1-:#271E'7#% "F >$;)>))=#$2 #'>8 1- 78$## 25'>#.>))$%1-'7#2K  

 
`1E0$# ]D\ %1270$*'-># J)$>#2 )J 7#27#% "F >$;)>))=#$ 2;27#H2 1- 78$## 25'>#.>))$%1-'7#2 

I'*=# ]\ 1-%0>#% J)$>#2 ` )J 7#27#% "F >$;)>))=#$2 

?(5"/""02( 
*512 

!25'"08  
?Q VKBSS 

!25'"08 ?Q 
BSTG 

b ^S K B3S (19 

<WD 
<>G@$
XSYG3 

;(""U4 K ?=D 
T$BSVS 

FZ6"(8 K 
:74*&+ BSVS 

?< 

!25'"08 
?QXC3@ b ^S 

K B3S (19 
T/"08 -2)8 MU.N ]dKO @@Ke ]AK@ ]dKO ]dKB ]eKA 
T)45        MU.N @OKB d]KO @AKA @dKB @DK@ d]KO 

aB4* 6(2c7C[ d   MEN OKOc OKOe h OK]] OKOe OKOe OKOB -K'K 
a-)(9"+&/4[ d  MEN OK@B OKOD h OKOe OKOB OKO@B OKOe -K'K 
aB4* 6(2c7C[ \   MEN OK]B OK@B h OKBB OKB OK@B OKOc -K'K 
a-)(9"+&/4[ \  MEN OK] OK]] h OK]B OK@B OKOA OKO@ -K'K 
aB4* 6(2c7C[ e   MEN SCX SCY` K BC`V BC` BC3 BCX SC33 K SCB 
a-)(9"+&/4[ e  MEN OKB t OKc " OK]d h " OK]B " OK@ " OKOD " OKOe OK]e h OK] 

>29)(U4 
81E8 

J)$>#2 '7 
8'$H)-1>2 

>))=#$ ?178 78# 
*1EE#27 H'22 '-% 
81E8#27 >))=1-E 

5)?#$ 

8#':; D< 
>)=% 8#'%, 
H)%#$'7# 
>))=1-E 
5)?#$ 

=1E87 ?#1E87 
>))=#$ 

?178 H)%#$'7# 
>))=1-E 5)?#$ 

=1E87 ?#1E87 
>))=#$ ?178 
=)? >))=1-E 

5)?#$ 

D< >)=% 8#'% 
?178 81E8#27 

>))=1-E 5)?#$ 

I8# 5-#0H'71> 2;27#H R[ Bh]OO 5$)%0>#2 $#='71:#=; 81E8 J)$>#2 )J '=H)27 78# 2'H# =#:#= '7 ]27 J$#V0#->; '-% 8'$H)-1>2, 
?81=# J)$ 78# H#>8'-1>'= 2;27#H2 78# 1-%0>#% J)$>#2 '7 78# 8'$H)-1>2 '$# *; H'E-170%#2 =)?#$ '-% 78#$#J)$# #'21#$ 7) 
>)-7$)=K F'1- %1270$*'-># 12 1-%0>#% 1- n.'P12, ?81>8 12 %#J1-#% '2 78# 'P12 )J 78# %125='>#$ H):#H#-7K `)$ 78# 
H#>8'-1>'= %$1:#- >))=#$ 2;27#H2 78# J)$>#2 1-%0>#% *; 78# )78#$ 7?) 'P#2 '$# 2055$#22#% *; J'>7)$2 )J ]O.]OOK    



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

^C DE<=>HTIE= ]D;>:=DFE !I]I!< 
M2 $#5)$7#% #'$=1#$ 78# >$;)>))=#$ :1*$'71)- %1270$*'->#2 )J Q/I 1-27$0H#-7'71)- >'- 8':# 2#$1)02 1-J=0#-># )- Q/I.S 
)5#$'71)-2K 469N2 :1*$'71)- $#%0>71)- 5$)E$'H 1->=0%#2 '-)78#$ >)H5$#8#-21:# 7#27 >'H5'1E- '7 78# Q/I ?178 78# E)'= 
7) *# '*=# 7) %#J1-# '%H1221*=# :1*$'71)- 25#>7$' J)$ 5$#2#-7 '-% J070$# Q/I 1-27$0H#-72K M 2) >'==#% :1*$'71)- %0HH; 
1-27$0H#-7 TQ/IYSU ?'2 %#21E-#% '-% *01=7 ?81>8 12 J)$#2##- 7) $#5='># ' 7;51>'= ] 7)- R'22#E$'1- 1-27$0H#-7K S7 12 '=2) 
5='--#% 7) 1-27'== 17 '7 %1JJ#$#-7 W'2H;78 J)>1 '-% 5='7J)$H2K I8# %0HH; 1-27$0H#-7 >)H5$12#2 21P >)=% 8#'%2 
R99/[9L4_ ]OFY H)0-7#% 1- %1JJ#$#-7 'P1'= >)-J1E0$'71)-2, ' >)=% 27$0>70$# ?178 5)?#$ $#2127)$2, 7#H5#$'70$# 
2#-2)$2, :'>00H #V015H#-7 '-% 17 12 H)0-7#% 1- ' 2055)$71-E $'>( '==)?1-E $)7'71)- J)$ '22#H*=; '-% H)0-71-E TJ1E0$#2 
]B.]eUK S7 ?1== *# #V0155#% ?178 ' E$1% )J '>>#=#$)H#7#$2 7) H)-17)$ 78# 1-27$0H#-7.21%#% :1*$'71)- 25#>7$'K 90$ 5='- 12 7) 
)5#$'7# 1- 5'$'==#= 78# Q/I.S, 78# Q/IYS 1- %1JJ#$#-7 J)>1 >)-J1E0$'71)-2 '-% ?178 %1JJ#$#-7 >))=#$ '$$'-E#H#-72 
T%1JJ#$#-7 >)H*1-'71)-2 )J 8)$13)-7'= h :#$71>'= >)=% 8#'%2U, '-% 78# Q/I F'-8'77'- 2;27#H ?81>8 >)-21272 )J ' 2#7 )J 
'>>#=#$)H#7#$2 H)0-7#% )- 7#=#2>)5# H1$$)$2 F], F@ '-% FdK M1H 12 7) J1-% )571H13#% =)? :1*$'71)- >))=#$ 
'$$'-E#H#-72 '-% 7) E#7 7$'-2J#$ J0->71)-2 *#7?##- :1*$'71)- =#:#=2 E#-#$'7#% *; ' H0=715=# >)=% 8#'% 1-27$0H#-7 )- )-# 
8'-% '-% Q/I.S >)H5'71*=# )$ 1->)H5'71*=# =#:#=2 )- 78# )78#$ 8'-%K S- ' J1-'= 27#5 J070$# >$;)E#-1> 1-27$0H#-72 28)0=% 
*# '22#22#% *; '55$'121-E 78#1$ E#-#$'7#% :1*$'71)- 25#>7$'K I812 ?1== *# '>>)H5=128#% *; 2025#-%1-E 78#H 21H1='$=; ' 
J$## )2>1=='71-E 5#-%0=0H '-% 21H0=7'-#)02 :1*$'71)- '>V012171)- %0$1-E >$;)>))=#$ '-% 1-27$0H#-7 )5#$'71)-K M 
>)H5'$12)- ?178 '%H1221*=# 25#>7$' )*7'1-#% ?178 )0$ 1%#-71>'= 2025#-%#% Q/IYS 28)0=% Z0%E# >)H5=1'->#K             

  
`1E0$# ]B\ RMY %#21E- )J :1*$'71)- %0HH; 1-27$0H#-7 ?178 21P >=)2#% >;>=# >))=#$ >)=% 8#'%2 

      
`1E0$# ]e\ ] 7)- :1*$'71)- %0HH; 1-27$0H#-7 %0$1-E '22#H*=; 58'2# 



 
 

 
 

SPIE 7733-139 Astronomical Telescopes and Instrumentation 2010, San >iego, @SA 
 

`C ?FE?!H<DFE 
469 27'$7#% '- #P7#-21:# H#>8'-1>'= :1*$'71)- $#%0>71)- >'H5'1E-K M2 5'$7 )J 7812 5$)E$'H ' >)H5$#8#-21:# 20$:#; )J 
27'7#.)J.78#.'$7 =)? :1*$'71)- @.27'E# >$;)>))=#$2 ?'2 1-171'7#%K [)7#-71'= >'-%1%'7#2 ?#$# 2#=#>7#% J)$ J0$78#$ 
>8'$'>7#$13'71)- 7#272 ?178 5'$71>0='$ #H58'212 )- :1*$'71)-2 '-% $#J$1E#$'71)- 5)?#$ >'5'*1=171#2K M %#%1>'7#% 7#27.*#% 
?'2 2#7 05 J)$ >)H5'$'71:# H#'20$#H#-72 )- %1JJ#$#-7 >$;)>))=#$ 2;27#H2K `1:# '=7#$-'71:#=; "1JJ)$%.F>F'8)- >=)2#% 
>;>=# >))=#$ 2;27#H2 ?#$# 7#27#% 1- >)H5'$12)- 7) 469N2 J)$H#$=; 02#% 27'-%'$% @O < >$;)>))=#$K M2 ' $#20=7 )-# )J 78# 
2;27#H2 >)0=% *# >8)2#- '2 )0$ -#? 27'-%'$% @.27'E# @O < >))=#$K I8# 2#=#>7#% 9#$=1()- /#;*)=% R99/[9L4_ ]OFY 
12 )JJ#$1-E 20*27'-71'= '%:'-7'E#2 1- J=#P1*1=17; T:'$1'*=# H)7)$ J$#V0#->;U '-% )$1#-7'71)- 1-2#-2171:17; '=)-E ?178 *#27 
>)H5$)H12# J)$ ' =)? :1*$'71)- %#:1># >)H*1-#% ?178 81E8 >))=1-E 5)?#$K M2 ' >)-2#V0#-># 78$## H'>81-#2 )J 78#2# 
7;5# ?#$# 1-7#E$'7#% ?178 78# Q/I 81E8 $#2)=071)- 1-J$'$#% 25#>7$)E$'58 R_S_46 $#5='>1-E 172 J)$H#$ 5-#0H'71>'==; 
%$1:#- >))=#$2 ?178 78#1$ 5$)*=#H'71> :1*$'71)- 25#>7$'K M %$'271> $#%0>71)- )J H#>8'-1>'= :1*$'71)-2 >)0=% *# :#$1J1#% 
fDgK I8# -#? @O < >$;)>))=#$ 12 '=2) 02#% J)$ %#:#=)51-E 5$)H121-E '%:'->#% @.27'E# $#J$1E#$'7)$ 2;27#H2 1- :1#? )J 
05>)H1-E H0=715=# >)=% 8#'% 1-27$0H#-72 '-% 1- 7#$H2 )J 1--):'71:# 4.4/I >))=1-E >)->#572 fBgK W#P7 78# -#? >))=#$ 12 
5'$7 )J ' 5$#2#-7#% >)->#57 >)H5$121-E ' >)H5$#8#-21:# Q/I :1*$'71)- 7#27 5$)E$'H J)$ %#J1-1-E '%H1221*=# :1*$'71)- 
25#>7$' J)$ J070$# 1-27$0H#-7'71)-K       
 

:@EFR!IGPITIE=< 
I8# '078)$2 ?)0=% =1(# 7) 78'-( R$;)58;21>2 "H*i, 9#$=1()- /#;*)=% Q'>00H "H*i, 9PJ)$% S-27$0H#-72 "H*i '-% 
60H17)H) R$;)E#-1>2 )J 40$)5# "H*i J)$ 78#1$ (1-% 2055)$7 '-% J)$ 5$):1%1-E $#J$1E#$'7)$ 2;27#H2 J)$ )0$ 7#27 
50$5)2#2K  

>IaI>IE?I< 

]K _'%#*'0E8, _K, q[0=2# 70*# >$;)>))=#$2 J)$ >))=1-E 1-J$'$#% 2#-2)$2r, [$)>K 6[S4 ooQS, Q)=K D]dO, 55K ded.dCc 
T@OOOUK 

@K _'%#*'0E8, _K, qY#:#=)5H#-7 )J 78# 50=2# 70*# $#J$1E#$'7)$ '2 '- #JJ1>1#-7 '-% $#=1'*=# >$;)>))=#$r, [$)>K S-271707# 
)J _#J$1E#$'71)-, /)-%)- T@OOOUK 

dK _'%#*'0E8, _K, qR$;)>))=#$2\ 78# 27'7# )J 78# '$7 '-% $#>#-7 %#:#=)5H#-72r, &K[8;2K\ R)-%#-2#% F'77#$ @], ]eD@]c, 
c55K, T@OOcUK 

DK /13)-, &K/K, &'()*, "K, %# F'$-#JJ#, jK, [$#0H)-7, MK, uY1JJ#$#-7 ?';2 )J $#%0>1-E :1*$'71)-2 1-%0>#% *; >$;)E#-1> 
1-27$0H#-72u, 6[S4 CCdc.AD T@O]OUK 

BK &'()*, "K, /13)-, &K/K, qM%:'->#% 81E8.>))=1-E 5)?#$ @.27'E# "1JJ)$%.F>F'8)- $#J$1E#$'7)$ 2;27#H2r, 6[S4 CCdc.
]BA T@O]OUK 
 

 


