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1  ESO 

The evolution of optical spectrograph 

design and its implementation at ESO 

since 1980 is sketched out from the 

point of view of the instrumentation with 

which I have been closely involved.  

The instruments range from the early 

days of  EFOSC,  EMMI,  UVES,  GIRAFFE 

to the present-day  X-shooter and impor-

tant optical design features, such as  

the use of focal reducers and the white 

light pupil principle, are highlighted. 

This is an account of developments  
in optical instrument design at ESO from 
������VGDM�(�INHMDC�$2.��TMSHK�MNV
� 
I began to write this article just as I was 
preparing for the 4th commissioning 
ODQHNC�NE�7�RGNNSDQ�@MC�BNMBKTCDC�HS�ITRS�
@ESDQ�LX�QDSTQM�EQNL�/@Q@M@K��NMD�C@X�
ADENQD�SGD�CD@CKHMD
�!DB@TRD�NE�SGD�K@BJ�
NE�SHLD��(�VHKK�ENBTR�NM�SGD�OQNIDBSR�HM�
VGHBG�(�G@UD�ADDM�LNRS�HMUNKUDC��VGDSGDQ�
VD@QHMF�SGD�G@S�NE�RXRSDL�DMFHMDDQ��OQN�
IDBS�L@M@FDQ��NQ�ANSG
�

EFOSC

!DENQD�LX�@QQHU@K�@S�$2.�(�VNQJDC�ENQ� 
jUD�XD@QR�HM�SGD�CDUDKNOLDMS�NE�LHKHS@QX�
infrared instruments at Philips in the 
-DSGDQK@MCR
�,X�jQRS�OQNIDBS�@S�$2.�V@R� 
the ESO Faint Object Spectrograph and 
"@LDQ@��$%.2"���VGHBG�R@V�jQRS�KHFGS�HM�
����
�2TQOQHRHMFKX��HMRSQTLDMS@SHNM�SDBG�
niques and technologies at Philips and  
@S�$2.�VDQD�SGDM�MNS�SG@S�LTBG�CHEEDQDMS
�
The concept of EFOSC was developed 
TMCDQ�SGD�K@SD�#@MHDK�$M@QC��SGDM�GD@C�NE�
NOSHB@K�HMRSQTLDMS@SHNM
�""#R�G@C�QD��
cently become a viable option for astro�
MNLHB@K�HMRSQTLDMSR
� S�jQRS�KHFGS��$%.2"�
was equipped with an RCA chip of about 
���pWp���pOHWDKR�@MC�@�QD@CNTS�MNHRD� 
NE���pDKDBSQNMRl�3GD�HMRSQTLDMS�HR�@�ENB@K�
reducer: because of the small physical 
RHYD�NE�SGD�CDSDBSNQ��SN�FDS�@MX�TRDETK�
@MFTK@Q�jDKC�@MC�MNS�NUDQR@LOKD�SGD�RDD�
HMF��HS�V@R�MDBDRR@QX�SN�fQDCTBDt�SGD�

SDKDRBNOD�HL@FD�OK@MD�SN�L@SBG�SGD�RHYD�
NE�SGD�BGHO��@MC�@KRN�SN�MNS�ROQD@C�SGD�
photons over any more pixels than nec�
DRR@QX��HM�UHDV�NE�SGD�GHFG�QD@CNTS�MNHRD
�
This entailed speeding up the telescope 
%���AD@L�SN�%��
��@S�SGD�CDSDBSNQ
�3GD�
innovative twist was the creation of a  
parallel beam space between the collima�
SNQ�@MC�SGD�B@LDQ@��VGHBG�@KKNVR�@�GNRS� 
NE�NOSHB@K�BNLONMDMSR��KHJD�jKSDQR��FQHRLR��
@MC�6NKK@RSNM�OQHRLR�SN�AD�HMRDQSDC
� 
The instrument had just three moving 
ETMBSHNMR��@�RKHS�VGDDK��@KRN�TRDC�ENQ�LTKSH�
NAIDBS�@MC�NSGDQ�L@RJR���@�jKSDQ�VGDDK�
@MC�@�FQHRL�VGDDK
� KSGNTFG�BNMBDOST@KKX�
UDQX�RHLOKD��HS�BNTKC�AD�TRDC�HM�DHFGS�
�CHEEDQDMS�LNCDR��CHQDBS�HL@FHMF��KNMF�RKHS�
RODBSQNRBNOX��RKHSKDRR�RODBSQNRBNOX��
DBGDKKD�RODBSQNRBNOX��HL@FHMF�ONK@QHLDSQX��
RODBSQNONK@QHLDSQX��BNQNMNFQ@OGX�@MC�
LTKSHOKD�NAIDBS�RODBSQNRBNOX��,.2�


EFOSC used a lens camera instead of  
the more traditional catadioptric (mixed 
lens and mirror) systems used in Schmidt 
B@LDQ@R
�3GHR�BGNHBD�DKHLHM@SDR�SGD�BDM�
tral obstruction present in catadioptric 
B@LDQ@R��VGHBG�B@M�D@RHKX�B@TRD�@�KHFGS�
KNRR�NE���l���
�%NQ�FNNC�HL@FD�PT@KHSX�
over the complete spectral range of 
$%.2"�����l����pML��VD�G@C�SN�TRD� 
the anomalous dispersion glasses that 
had recently been developed by Schott  
and which allowed a much better colour 
BNQQDBSHNM�SG@M�SGD�SQ@CHSHNM@K�BQNVM�kHMS�
BNLAHM@SHNMR
�3GD�jDKC�KDMR�TMHS�NE�SGD�
camera acted as a vacuum window and 
was the only part of the detector assem�
AKX�SG@S�G@C�SN�AD�BTRSNLHRDC�SN�HMSDQ�
E@BD�VHSG�SGD�HMRSQTLDMS�RODBHjB�B@LDQ@�
NOSHBR
� R�CDSDBSNQR�G@UD�FQNVM�K@QFDQ� 
HM�RHYD��SGHR�G@R�OQNUDC�SN�AD�@�VHRD�CDBH�
sion and has allowed a standard detector 
BQXNRS@S�SN�AD�TRDC�NM�LNRS�HMRSQTLDMSR��
without the need to develop a new cryo�
RS@S�ENQ�DUDQX�MDV�HMRSQTLDMS
�

The wide spectral bandwidth of EFOSC 
NMKX�ODQLHSSDC�SGD�TRD�NE�RHMFKD�K@XDQ� 
@MSH�QDkDBSHNM�BN@SHMFR��VGHBG�B@TRDC�@�
light loss of up to 2% per surface at  
SGD�DWSQDLDR�NE�SGD�V@UDKDMFSG�Q@MFD
�
2N��VGDQDUDQ�ONRRHAKD��KDMRDR�VDQD�
BDLDMSDC�SN�QDCTBD�QDkDBSHNM�KNRRDR
�
This was problematic because of the big 
differences in the thermal expansion 

BNDEjBHDMSR�NE�SGD�FK@RRDR�TRDC��@MC� 
RN�VD�DLA@QJDC�NM�@�OQNFQ@LLD�SN�PT@K�
HEX�kDWHAKD�BDLDMSR�VHSG�FNNC�45�SQ@MR�
LHRRHNM
�%HM@KKX��VD�ENTMC�@�RTHS@AKD� 
candidate: silicone potting cement that 
had been originally developed to protect 
printed circuit boards against the hard�
ships of humidity and launching accelera�
SHNMR
�(S�G@C�DWBDKKDMS�45�SQ@MRLHRRHNM�
CNVM�SN����pML��V@R�kDWHAKD�@MC�G@C�
good adherence and image quality even 
VGDM�TRDC�HM�SGHBJ�K@XDQR
�

The focal reducer concept has been 
DWSQDLDKX�HMkTDMSH@K�HM�SGD�CDRHFM�NE�@RSQN�
MNLHB@K�HMRSQTLDMSR
�(S�HR�SGD�A@RHR�NE� 
the design of many ESO instruments: 
$%.2"���SGD�#@MHRG�%@HMS�.AIDBS�2ODBSQN�
FQ@OG�@MC�"@LDQ@��#%.2"���SGD�%.B@K�
Reducer/low dispersion Spectrographs 
�%.12������SGD�5(RHAKD�,TKSH.AIDBS�2ODBSQN�
graph (VIMOS) and the Multi Unit Spectro�
RBNOHB�$WOKNQDQ��,42$���@R�VDKK�@R�MT��LDQ�
NTR�MNM�$2.�HMRSQTLDMSR�@MC�SGNRD�
OK@MMDC�ENQ�$WSQDLDKX�+@QFD�3DKDRBNODR
�
It is a versatile concept that can be 
adapted to new detector developments: 
BNLO@QDC�SN�SGD�jQRS�KHFGS�CDSDBSNQ�NE�
$%.2"�VHSG����pSGNTR@MC�OHWDKR��,42$�
VHSG�HSR���pBG@MMDKR��D@BG�VHSG�@��J�W��J�
BGHO��G@R����pLHKKHNM�OHWDKR��@M�HMBQD@RD�
of a factor of more than 2500! 

EMMI

3GD�$2.��
��LDSQD�SDKDRBNOD�G@C�@� 
RTHSD�NE�HMRSQTLDMSR�ENQ�HL@FHMF��LTKSH�
NAIDBS�RODBSQNRBNOX��KNMF�RKHS�@MC�DBGDKKD�
RODBSQNRBNOX
�3GDRD�VDQD�LNTMSDC�@S�
SGD�"@RRDFQ@HM�ENBTR�@BBNQCHMF�SN�@�OQD�
@FQDDC�DWBG@MFD�RBGDCTKD
�3GDRD�EQD�
quent exchanges were detrimental to reli�
@AHKHSX
�(S�V@R�@KRN�MNS�ONRRHAKD�SN�BG@MFD�
NARDQUHMF�LNCD�PTHBJKX�VGDM�SGD�LDSD�
NQNKNFHB@K�BNMCHSHNMR�BG@MFDC
�(M�O@Q@KKDK�
with the construction of the New Tech�
MNKNFX�3DKDRBNOD��-33���$2.�RS@QSDC�SN�
consider alternative observing strategies 
SN�L@WHLHRD�SGD�RBHDMSHjB�QDSTQM�@MC�LHMH�
LHRD�L@HMSDM@MBD���QDLNSD�@MC�RDQU� 
HBD�NARDQUHMF�ADB@LD�ATYYVNQCR
�3GD�
NTT was designed to deliver exceptional 
HL@FD�PT@KHSX
�!TS�HSR�BNMBDOS�@KKNVDC� 
NMKX�SVN�-@RLXSG�ENBH��SGDQD�V@R�MN�OQHLD�
ENBTR�B@FD�@MC�MN�"@RRDFQ@HM�ENBTR
� 

Evolution of Optical Spectrograph Design at ESO 

400 Years of the Telescope
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400 Years of the Telescope #DJJDQ�'
��$UNKTSHNM�NE�.OSHB@K�2ODBSQNFQ@OG�#DRHFM�@S�$2.�

The telescope designers had really got 
SGDHQ�V@X�SGHR�SHLD��@MC�QHFGSKX�RN��@R�SGD�
RTBBDRR�NE�SGD�-33�OQNUDC�


3GHR�HR�SGD�EQ@LDVNQJ�VHSGHM�VGHBG�SGD�
concept of EMMI (ESO Multi Mode Instru�
LDMS��V@R�CDUDKNODC�HM�SGD�LHC�����R��
for the most part under the leadership of 
2@MCQN�#�.CNQHBN
�6D�QD@KHRDC�SG@S� 
BNLO@QDC�SN�$%.2"��VD�BNTKC�HMBQD@RD�
SGD�OD@J�SGQNTFGOTS�@MC�DWSDMC�SGD�
ultraviolet coverage by using two focal 
QDCTBDQR��D@BG�NOSHLHRDC�ENQ�SGD�TKSQ@�
UHNKDS�@MC�UHRHAKD�RODBSQ@K�Q@MFDR��VHSG� 
CDCHB@SDC�FK@RRDR��BN@SHMFR�@MC�CDSDB�
SNQR
�3GD�UDQR@SHKHSX�NE�$%.2"�@KQD@CX�
went a long way towards providing multi�
LNCD�B@O@AHKHSX�HM�@�RHMFKD�HMRSQTLDMS
� 
To increase the spectral resolution capa�
AHKHSX��KHLHSDC�SN�@�EDV������VHSG�FQHRLR���
SVN�LDCHTL�QDRNKTSHNM�@QLR�VDQD�@CCDC
�
$@BG�G@C�@�QDkDBSHNM�FQ@SHMF�STQQDS��@MC�
could feed the focal reducers with a long 
RKHS�AX�HMRDQSHMF�NQ�QDSQ@BSHMF�RNLD�k@S�
LHQQNQR
�6HSG�SGHR�@CCHSHNM�HS�V@R�ONRRHAKD�
SN�QD@BG�@�QDRNKTSHNM�NE��� �����@MC�AX�
QDOK@BHMF�SGD�jQRS�NQCDQ�FQ@SHMF�AX�@M�
DBGDKKD��HS�V@R�ONRRHAKD�SN�QD@BG������� 
HM�@�BQNRR�CHRODQRDC�DBGDKKD�ENQL@S


!@U@QH@M�DMFHMDDQR��VGDM�XNT�@RJ�SGDL�
SN�CDRHFM�LTKSHETMBSHNM@K�L@BGHMDR��VHKK�
curse you � usually under their breath  
��@MC�SDKK�XNT�SG@S�XNT�@QD�@RJHMF�ENQ�@M�
fDHDQKDFDMCD�6NKKLHKBGR@Tt��DFF�K@XHMF�
VNNKLHKJOHF�
�3GDX�VHKK�SGDM�BNMSHMTD�SN�
ATHKC�SGDHQ�AD@TSHETK�L@BGHMDR���KHJD�
BMW motor cars � that are good at only 
NMD�SGHMF�@MC�MNS�LTBG�DKRD
�6DKK��HM�
�����SGD�-33�@BPTHQDC�HSR�UDQRHNM�NE�SGHR�
mythical animal � EMMI � which was  
@�QD@K�VNQJGNQRD�@MC�RS@XDC�HM�NODQ@SHNM�
TMSHK�����


$,,(�V@R�SGD�jQRS�$2.�HMRSQTLDMS�SG@S�
TRDC�SGD�f/TOHKKD�!K@MBGDt�OQHMBHOKD��@�
term coined in the early 1970s by André 
Baranne for a novel spectrograph con�
BDOS��VGDQD�SGD�AD@L�CHRODQRDC�AX�SGD�
FQ@SHMF�HR�QD�BNKKDBSDC�AX�SGD�BNKKHL@SNQ�
optics to produce an image of the grating 
(the white pupil � white because here  
@KK�SGD�CHRODQRDC�AD@LR�NUDQK@O�@F@HM���
VGDQD�SGD�B@LDQ@�NQ�BQNRR�CHRODQRDQ�HR�
OK@BDC
�3GD�RDBNMC�O@RR�SGQNTFG�SGD�
collimator may be thought to be a waste 
NE�OGNSNMR��ATS�BNLO@QDC�SN�LNQD�

SQ@CHSHNM@K�CDRHFMR��SGD�NUDQ@KK�DEjBHDMBX�
HR�@BST@KKX�HLOQNUDC��ADB@TRD�SGD�B@LDQ@�
mouth can be placed very close to the 
RDBNMC�OTOHK��VGHBG�DKHLHM@SDR�UHFMDSSHMF
�
The concept also allows the grating to  
be used with a small angle between inci�
CDMS�@MC�CHEEQ@BSDC�AD@LR��VGHBG�L@WHL�
HRDR�SGD�CHEEQ@BSHNM�DEjBHDMBX
�3GDQD�HR�
also the additional design freedom to tune 
SGD�CH@LDSDQ�NE�SGD�VGHSD�OTOHK
�6GHKD�SGD�
OQHL@QX�AD@L�RHYD�HM�$,,(�V@R����pLL��
the secondary beam had a diameter  
NE�NMKX���pLL��VHSG�@�BNQQDRONMCHMFKX�
K@QFDQ�@MFTK@Q�jDKC���VGHBG�KDC�SN�KHFGS�@MC�
@EENQC@AKD�RODBSQNFQ@OG�B@LDQ@R


UVES

3GD�RSTCX�@MC�CDRHFM�NE�45$2��SGD� 
UV�Visible Echelle Spectrograph for the 
5+3��RS@QSDC�@QNTMC�����
�3GD�HMRSQTLDMS�
combines many of the features that had 
been tested and implemented success�
fully in the EFOSC and EMMI designs: 
CHNOSQHB�B@LDQ@R�@MC�@�CT@K�@QL�CDRHFM��
and a white pupil arrangement with a grat�
HMF�BQNRR�CHRODQRDQ
�

UVES was to have a spectral resolution  
NE��� ����VHSG�@�NMD�@QBRDBNMC�RKHS
�
Spectral resolution depends only on grat�
ing depth � not on collimated beam 
CH@LDSDQ���@MC�SN�QD@BG�1p�p������VD�
needed a grating with a path length dif�
EDQDMBD�NE��
�pL��H
D
�SGD�NOSHB@K�O@SG� 
difference [OPD] between the wavefronts 
RSQHJHMF�SGD�jQRS�@MC�K@RS�FQNNUD�NE�SGD�
QTKDC�RTQE@BD�
�6D�QD@KHRDC�SG@S�AX�TRHMF�
very steep �R4� gratings (that for maxi�
LTL�DEjBHDMBX�@QD�SN�AD�TRDC�@S�
��pCDFQDDR��SGD�fAK@YD�@MFKDt��VD�BNTKC�
achieve this large depth with a collimated 
AD@L�RHYD�NE�NMKX���pBL��L@JHMF�ENQ�@�
BNLO@BS�HMRSQTLDMS
�!TS�ENQ�U@QHNTR� 
QD@RNMR��KNV�DEjBHDMBX��SGD�HMSQNCTBSHNM�
of anamorphosis effects and a strong 
BG@MFD�NE�R@LOKHMF�@KNMF�SGD�NQCDQR��� 
1��FQ@SHMFR�VDQD�QDOTSDC�SN�AD�TMRTHS�
able for use in astronomical spectrographs 
After some study we realised that while 
this was true for R4s used in traditional 
@QQ@MFDLDMSR��VGHBG�QDPTHQD�@MFKDR� 
NE��l�pCDFQDDR�ADSVDDM�SGD�HMBHCDMS�@MC�
CHEEQ@BSDC�AD@LR��SGDRD�DEEDBSR�ADBNLD�
tolerable at small angles � another point 
HM�E@UNTQ�NE�SGD�VGHSD�OTOHK�BNMBDOS��VGHBG�

Figure 1. The ESO multimode instrument (EMMI) at 
SGD�-33��OGNSN�EQNL�����
�2GNVM�EQNL�KDES�SN�QHFGS�
@QD�2@MCQN�C�.CNQHBN��'@MR�#DJJDQ��)D@M�+NTHR�
+HYNM�@MC�&H@MMH�1@Ej
� KK�@QD�RSHKK�VHSG�$2.
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@KKNVR�@MFKDR�@R�RL@KK�@R��pCDFQDDR
� 
The UVES echelles would need a ruled 
@QD@�NE���pWp���BL
�-DV�L@RSDQ�QTKHMFR�
were ruled under ESO contract by the 
1HBG@QCRNM�&Q@SHMF�+@ANQ@SNQX��1&+�
�
Since the ruling engine limited the ruled 
KDMFSG�NE�SGD�FQ@SHMF�L@RSDQR�SN���pHMBGDR�
����pLL��VD�CDBHCDC�SN�TRD�@�LNR@HB
�
4MCDQ�SGD�R@LD�BNMSQ@BS��1&+�CDUDKNODC�
a technique to copy (replicate) two identi�
cal and precisely aligned submasters onto 
@�BNLLNM�RTARSQ@SD
�3GHR�QDRTKSDC�HM�@�
mosaic grating with a wavefront stability 
HCDMSHB@K�SN�SG@S�NE�LNMNKHSGHB�FQ@SHMFR
�
UVES was commissioned on UT2 (Kueyen) 
HM������@R�SGD�RDBNMC�5+3�HMRSQTLDMS


3GD�VGHSD�OTOHK�BNMBDOS�HR�DRODBH@KKX�VDKK�
suited for use in high resolution spec�
SQNFQ@OGR��@MC�@ESDQ�RNLD�HMHSH@K�RBDOSH�
BHRL��DRODBH@KKX�NUDQRD@R��SGD�BNMBDOS�
G@R�OQNUDC�@R�HMkTDMSH@K�HM�GHFG�QDRNKTSHNM�

Figure 2. Composite image of some of the instru�
LDMSR�LDMSHNMDC�HM�SGHR�@QSHBKD���$%.2"�� 
45$2��&(1 %%$��KDES��SNO�SN�ANSSNL��@MC�7�RGNNSDQ�
�SNO�QHFGS�
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RODBSQNFQ@OG�CDRHFM�@R�SGD�ENB@K�QDCTBDQ
�
(Our optical designer Bernard Delabre  
HR�FNNC�@S�L@MX�SGHMFR��DWBDOS�@S�SNNSHMF�
GHR�NVM�GNQM��VGHBG�HR�VGX�SGHR�RS@SD�
LDMS�HR�GDQD�
�3GD�BNMBDOS�HR�TRDC�HM�SGD�
�%HAQD�EDC��$WSDMCDC�1@MFD��ÍBGDKKD�
Spectrograph (FEROS) at the MPG/ESO 
�
��LDSQD�SDKDRBNOD��HM�SGD�'HFG� BBT�
racy Radial Velocity Planetary Searcher 
�' 1/2��@S�SGD�$2.��
��LDSQD��@MC�ENQ�
DW@LOKD�HM�SGD�'HFG�#HRODQRHNM�2ODBSQN�
FQ@OG��'#2��@S�2TA@QT��2 1&�@S�SGD�
�3DKDRBNOHN�-@YHNM@KD�&@KHKDN��3-&��@MC�
SGD�'HFG�1DRNKTSHNM�2ODBSQNFQ@OGR�ENQ�
SGD�'NAAX�$AADQKX�3DKDRBNOD��'$3��@MC�
2NTSG� EQHB@M�+@QFD�3DKDRBNOD��2 +3�


GIRAFFE

4MKHJD�SGD�OQDUHNTR�HMRSQTLDMSR��VGHBG�
VDQD�@KK�ATHKS�AX�$2.��SGD�&(1 %%$�
RODBSQN�FQ@OG�NE�SGD�LTKSH�jAQD�%+ ,$2�
facility was designed and built by the 
Paris�Meudon and Geneva observato�
QHDR
�%HM@K�RXRSDL�HMSDFQ@SHNM�@MC�SDRSHMF�
VDQD�CNMD�@S�$2.�HM�����l������@MC� 
SGD�HMRSQTLDMS�V@R�QDKD@RDC�HM�����
�
&(1 %%$�HR�@�LDCHTL�GHFG�QDRNKTSHNM�
��1p�p����l�������RODBSQNFQ@OG�ENQ� 
SGD�UHRHAKD�Q@MFD��@HLDC�@S�B@QQXHMF�NTS�
RODBSQNRBNOX�NE�&@K@BSHB�@MC�DWSQ@�
galactic objects with a high spatial den�
RHSX
�3GD�M@LD�HR�MN�@BQNMXL��ATS�V@R�
HMROHQDC�AX�SGD�jQRS�NOSHB@K�CDRHFM�OKNSR��
VGDQD�SGD�RODBSQN�FQ@OG�V@R�OK@MMDC� 
to be set standing vertically to minimise 
HSR�ENNSOQHMS�RHYD�NM�SGD�-@RLXSG� �OK@S�
ENQL�NE�43�
�#TQHMF�SGD�LDBG@MHB@K�
design process it was decided to lay it 
GNQHYNMS@K�NM�@M�NOSHB@K�S@AKD��@MC�@MX�
resemblance to that gracious animal was 
KNRS��HS�MNV�KNNJR�LNQD�KHJD�@�RSQ@MCDC�
VGHSD�VG@KD��@BST@KKX�
�&(1 %%$�HR�EDC� 
AX�SGD�QNANSHB�jAQD�ONRHSHNMDQ��.Y/NY��
CDUDKNODC�AX�SGD� MFKN� TRSQ@KH@M�
.ARDQU@SNQX��VGHBG�(�VHKK�MNS�CDRBQHAD�
GDQD
�

GIRAFFE is equipped with two gratings 
ENQ�GHFG�@MC�KNV�QDRNKTSHNM��VNQJHMF� 
in orders 2�5 (low resolution) and 5�15 
�GHFG�QDRNKTSHNM�
�3GD�RODBSQ@K�ENQL@S� 
HR�KHMD@Q
�2HMBD�SGD�FQ@SHMFR�VNQJ�HM�GHFGDQ�
NQCDQR��RNQSHMF�jKSDQR�@QD�MDDCDC
�3GD� 

jAQD�RKHS�BNMRHRSR�NE����pjAQDR�@MC�HR�@ANTS�
��pLL�GHFG
�.MKX�@�KDMR�BNKKHL@SNQ�BNTKC�
OQNUHCD�SGD�MDBDRR@QX�jDKC��VGHKD�@S�SGD�
same time being fast enough to capture 
@KK�SGD�KHFGS�BNLHMF�EQNL�SGD�jAQDR�HM�@M�
%���BNKKDBSHMF�@ODQSTQD
� R�SGD�@SSDMSHUD�
QD@CDQ�VHKK�AD�@MSHBHO@SHMF�AX�MNV��HS�HR�@�
VGHSD�OTOHK�HMRSQTLDMS��@MC�SGD�NOSHB@K�
designers used that fact to create a rela�
SHUDKX�RL@KK�@MC�BGD@O�B@LDQ@


$WBDOS�ENQ�@�RHMFKD�ENKCHMF�LHQQNQ��&(1 %%$�
HR�BNLOKDSDKX�KDMR�A@RDC
�3GHR�KD@CR� 
to a focus that is dependent on the tem�
ODQ@STQD
�%NQ�SGHR�QD@RNM��SGD�jAQD�RKHS� 
HR�OK@BDC�NM�@�ENBTRHMF�B@QQH@FD��SGD�ONRH�
tion of which is automatically adjusted 
according to the temperature of the 
NOSHBR��HM�@�V@X�SG@S�HR�SQ@MRO@QDMS�SN�SGD�
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resolution (1 arcsecond slit) of 4500 (for 
TKSQ@UHNKDSlAKTD�@MC�MD@Q�HMEQ@QDC�Q@MFDR��
@MC�������UHRHAKD�Q@MFD�
�(S�G@R�SGQDD�
@QLR��D@BG�VHSG�HSR�NVM�CDSDBSNQ��@MC�
BNUDQR��HM�NMD�RGNS��SGD�RODBSQ@K�Q@MFD�
�
�l�
�p�L
�7�RGNNSDQ�HR�SGD���SG�5+3�
HMRSQTLDMS�@MC�QDOK@BDR�SGD�jQRS��%.12���
VGHBG�G@R�QDBDMSKX�ADDM�LNSGA@KKDC
� 
The instrument subsystems were devel�
oped and built by a consortium consist�
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tionary stage of the design process that 
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combines many of the features found in 
the instruments previously described: 
dioptric cameras with apertures much 
smaller than the collimated beam on  
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sation by judicious splitting of the spec�
tral range (the crossover wavelengths of 
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new design feature worth mentioning  
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Why UT2 is special 
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This has been a very personal account of the prover�
bial 1% inspiration that went into the conceptual 
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99% perspiration aspect is not described: the toil  
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