
2 The Messenger 136 � June 2009

400 Years of the Telescope

The International Year of Astronomy 
2009 celebrates the 400th anniversary 
of Galileo Galilei�s construction of  
a  telescope and the cascade of 
 discoveries that have resulted since  
GD�jQRS�ONHMSDC�HS�SN�SGD�RJX
�

This special feature celebrates that 
 anniversary with some reminiscences  
of developments in ESO telescopes  
@MC�HMRSQTLDMS@SHNM


This feature is produced in conjunction 
with a special issue of GeminiFocus 
that celebrates the history of the 
Gemini telescopes and the people who 
RG@ODC�SGDL


The Editor

400 Years of the Telescope: 
Special Feature on History and Development of ESO Telescopes and 

Instrumentation

Roberto Gilmozzi1

1  ESO 

The contributions of ESO to the art of 

telescope-making have come a long 

way since the early years, placing it, by 

the turn of the millennium, among the 

DFNQRZOHGJHG�OHDGHUV�LQ�WKH�:HOG��,Q�

this article I will give a brief history of 

what are, in my view, the highlights 

among these developments, from the 

3.6-metre telescope through the NTT 

and VLT/I to the E-ELT. 

Bridging the gap

In the years after the Second World War 
it became evident that astronomy and 
particle physics in Europe had fallen 
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for Nuclear Research (CERN) was con�
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ESO�s beginnings were not very spectac�
TK@Q
�3GD�CDRHFM�NE�SGD���LDSQD�SDKDRBNOD�� 
a goal explicitly set out in the ESO con�
UDMSHNM��RTEEDQDC�EQNL�K@BJ�NE�DWODQSHRD��
DRODBH@KKX�BNMBDQMHMF�SGD�LDBG@MHBR
�
/@SSDQMDC�NQHFHM@KKX�NM�SGD���LDSQD�+HBJ�
SDKDRBNOD��HSR�CH@LDSDQ�V@R�HMBQD@RDC�SN�

�
��L�SN�@BBNLLNC@SD�@�LNQD�RO@BHNTR�
prime focus cage (much to the delight  
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�3GD�jM@K�
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SGD�AK@MJ�RHYD�@KKNVDC�HS
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Chrétien with exchangeable secondary 
LHQQNQR�@MC�DMUHR@FDC�SGQDD�ENBH��@R�QDB�
ommended by the Instrumentation Com�
LHSSDD��@M�%���OQHLD��@M�%���"@RRDFQ@HM�
@MC�@M�%����"NTC!
�3GD�LHQQNQ�BDKK�V@R�
designed to compensate passively for the 
CDENQL@SHNMR�NE�SGD�OQHL@QX�SG@S��DUDM�
VHSG�@�SGHBJMDRR�NE����BL��V@R�MNS�RSHEE�
DMNTFG�SN�@UNHC�kDWTQD�CTD�SN�SGD�BG@MF�
ing gravity load during observations: it 
included thirty independent concentric 
axial supports (astatic levers) with three 
pads and a system of air cushions pro�
UHCHMF�SGD�K@SDQ@K�RTOONQS
�/NKHRGHMF�NE�SGD�
mirror and manufacturing of the cell were 
B@QQHDC�NTS�AX�SGD�R@LD�BNLO@MX��@KKNV�
ing the mirror and cell to be tested as a 
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,D@MVGHKD��SGD�OQD�CDRHFM�NE�SGD�LDBG@M�
HBR��@M�HMSDQDRSHMF�LHW�NE�GNQRDRGND�@MC�
ENQJ�LNTMSHMFR��QDRDLAKHMF�SGD�+@RRDKK�
LNTMS�NE�@�BDMSTQX�D@QKHDQ��V@R�OQNFQDRR�
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TMCDQRS@EEDC�CDRHFM�SD@L
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including outsourcing the design to some 
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jQLR�VHSG�SGD�@OOQNOQH@SD�DWODQHDMBD�
existed) and collaboration with other sci�
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made with CERN and the European 
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and in late 1969 a proposal to collaborate 
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creation of a Telescope Development 
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was approved by the CERN Council a 
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newly named Telescope Project Division 
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arrival of a new secondary mirror unit in 
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An active development
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hyperbolic so as to compensate for the 
@ADQQ@SHNMR�NE�SGD�DXDOHDBD���ATS�@KRN�
introduced a rudimentary pneumatic sup�
port of the primary mirror using support 
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ESO�s Telescopes
In memoriam Daniel Enard
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to mature into one of the most important 
ESO contributions to the development  
NE�SGD�SDKDRBNOD��@BSHUD�NOSHBR
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BGHKC�NE�1@X�6HKRNM��@BSHUD�NOSHBR�@KKNVR�
the telescope to monitor its own image 
PT@KHSX��BNQQDBSHMF�@TSNL@SHB@KKX�ENQ�@MX�
errors introduced by thermal or gravity 
CDENQL@SHNMR
�$PT@KKX�HLONQS@MSKX��SGD�
technique also allows some of the toler�
ances of the mirror production to be 
QDK@WDC�VHSGNTS�HLO@HQHMF�HSR�ODQENQL@MBD��
which in turn allows diameters beyond  
SGD��l��LDSQD�BK@RR�SN�AD�RDQHNTRKX�BNM�
SDLOK@SDC
�3GD�OQHMBHOKD�NE�@BSHUD�NOSHBR� 
is based on an image analyser that meas�
ures the aberrations introduced by any 
CDENQL@SHNMR��@MC�SGDM�@OOKXHMF�BNLODM�
R@SHMF�ENQBDR�SN�SGD�A@BJ�NE�SGD�LHQQNQ�UH@�
@�RDQHDR�NE�BNLOTSDQ��BNMSQNKKDC�@BST@SNQR�
so that the mirror returns to its optical 
 prescription (while the focus and collima�
tion are corrected by moving the second�
@QX�LHQQNQ�
�3GHR�G@OODMR�BNMSHMTNTRKX�
during an observation without disturbing 
HS
�"NQQDBSHNMR�@QD�@OOKHDC�DUDQX�EDV�LHM�
TSDR�HM�BKNRDC�KNNO
�3GHR�SDBGMHPTD�V@R�
BDQSHjDC�VHSG�@���LDSQD�OQNSNSXOD��@MC�SGD�
New Technology Telescope (NTT) mirror 
has proved to be one of the best ever built  
�NM�@�O@Q��HE�MNS�RTODQHNQ��SN�SGD�'TAAKD�
2O@BD�3DKDRBNOD��'23��OQHL@QX��@KSGNTFG�
ANSG�RTEEDQDC�EQNL�ROGDQHB@K�@ADQQ@SHNM��
but that is much easier to correct with 
@BSHUD�NOSHBRl�


Conceived as a test bed to explore solu�
tions for a future very large telescope  
�@MC�SN�D@RD�SGD�CDL@MC�NM�SGD��
��
LDSQD�SDKDRBNOD���SGD�HMHSH@K�RODBHjB@SHNMR�
ENQ�SGD��
��LDSQD�-33�VDQD�CDjMDC�HM�
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to Garching (losing many of its technical 
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with a budget about one third that of the 
�
��LDSQD
�(SR�L@HM�BG@Q@BSDQHRSHBR�VDQD�
BNLO@BS�CDRHFM�@MC�KNV�VDHFGS��SN�AD�
@BGHDUDC�SGQNTFG�@�SGHM��E@RS�%��
��OQHL@QX�
�����NE�SGD�SGHBJMDRR�NE�SGD��
��LDSQD�
OQHL@QX��BNMSQNKKDC�AX�@BSHUD�NOSHBR��@KS@YH�
muth mounting; a single focus (F/11  
-@RLXSG��@S�SVN�KNB@SHNMR���@MC�@�BNL�
O@BS�BN�QNS@SHMF�ATHKCHMF�VHSGNTS�@�BK@RRH�
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later included in the design of the Very 
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The experience gained from the design 
@MC�BNMRSQTBSHNM�NE�SGD��
��LDSQD�SDKD�
scope (as well as a number of smaller 
NMDR��D
F
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RBNOD��VGDQD�QDLNSD�NARDQUHMF�V@R�
SDRSDC�HM�������QDHMENQBDC�AX�@M�HMBQD@RD�
HM�SDBGMHB@K�RS@EE��DM@AKDC�SGD�OQNIDBS�SN�

OQNFQDRR�LNQD�RLNNSGKX��jQRS�TMCDQ�SGD�
CHQDBSHNM�NE�1@X�6HKRNM�@MC�K@SDQ��EQNL�
������NE�,@RRHLN�3@QDMFGH
�3GD�-33� 
telescope was fully assembled and func�
tionally tested in Europe before being 
RGHOODC�SN�+@�2HKK@�HM�SGD�ROQHMF�NE�����
�
Erection of the enclosure was already 
@CU@MBDC�AX�SGDM��SGD�SDKDRBNOD�V@R�
integrated and testing started later that 
XD@Q
�3GD�-33�@BGHDUDC�jQRS�KHFGS�NM� 
���,@QBG�������VHSG�@M�HL@FD�PT@KHSX�NE�
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That the NTT image quality was indeed 
outstanding I learned from personal 
DWODQHDMBD
�(M�#DBDLADQ������(�V@R�@S�
+@�2HKK@�SN�RD@QBG�ENQ�SGD�RTRODBSDC�QHMF�
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telescope with an instrument developed 
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VGDQD�(�V@R�VNQJHMF�@S�SGD�SHLD
�3GD�
instrument had a photon counting array 
that provided the position and time of 
@QQHU@K�NE�D@BG�OGNSNM��@MC�SGD�HCD@�V@R�
to try to reconstruct a high spatial resolu�
tion image from this information (a sort  
of post facto�RODBJKD�HL@FHMF�
�3GD�MHFGS�
before my run I was invited by Massimo 
Tarenghi to visit the NTT control room 
CTQHMF�@�BNLLHRRHNMHMF�QTM
� �RGNQS�
NARDQU@SHNM�NE�2-����� �V@R�S@JDM�fHM�
LX�GNMNTQt��@MC�SN�LX�FQD@S�@RSNMHRG�
ment as the image appeared on the 
RBQDDM��SGD�QHMF�V@R�BKD@QKX�UHRHAKD�HM�SGD�
�
��@QBRDBNMC�OHBSTQD��RDD�%HFTQD���
�,X�
observing programme became obsolete 
SGDM�@MC�SGDQD��ATS�SGHR�V@R�LNQD�SG@M�
compensated for by the spectacular con�
jQL@SHNM�NE�SGD�DWHRSDMBD�NE�SGD�QHMFl

The NTT was not a milestone towards the 
QD@KHR@SHNM�NE�SGD�5+3�HM�SDBGMHB@K�SDQLR�
NMKX
�(M�������NM�SGD�@CUHBD�NE�@M�ad hoc 
BNLLHSSDD��HS�V@R�CDBHCDC�SN�TOFQ@CD�HS�
SN�@BGHDUD�HSR�ETKK�ONSDMSH@K
�(M�VG@S�V@R�
B@KKDC�SGD�f-33�!HF�!@MFt��@M�@BSHUHSX�KDC�
initially by Dietrich Baade and then by 
)@RNM�2OXQNLHKHN��SGD�TOFQ@CD�HMBKTCDC�
replacing the old control system by the 
5+3�NMD
�3GHR�@KKNVDC�SGD�5+3�BNMSQNK�
system to be brought up to full functional 
RS@STR�VDKK�ADENQD�SGD�RS@QS�NE�5+3�BNL�
LHRRHNMHMF��VGHBG�QDOQDRDMSDC�@M�DMNQ�
mous advantage both in terms of the 
understanding and experience that were 
F@HMDC��@MC�NE�SHLD


60˝

Figure 1.�.MD�NE�SGD�jQRS�
images obtained at the 
$2.��
��LDSQD�SDKD�
scope prime focus: the 
Sculptor dwarf galaxy 
�����LHMTSD�DWONRTQD�
on III@�)�DLTKRHNM�@MC�
S@JDM�NM����-NUDLADQ�
�����
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400 Years of the Telescope

The science machine
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�3GD�
RNKTSHNMR�BNMSDLOK@SDC�AX�SGD�VNQJHMF�
FQNTO��BG@HQDC�AX�6NKEF@MF�1HBGSDQ��
HMBKTCDC�@�RHMFKD����LDSQD�SDKDRBNOD�@MC�
@QQ@XR�NE�ENTQ���LDSQD�@MC�RHWSDDM�
��LDSQD�SDKDRBNODR
� �RDBNMC�VNQJHMF�
FQNTO��BG@HQDC�jQRS�AX�1@X�6HKRNM�@MC�
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"@QF RD�VNQJRGNO�HM������VGDQD�SGD�
preferred option (among the three pro�
ONRDC�AX�SGD�jQRS�VNQJHMF�FQNTO��OKTR�
SG@S�NE�@�LTKSH�LHQQNQ��,,3�KHJD��SDKD�
scope) was presented: an array of four 
��LDSQD�SDKDRBNODR
�3GHR�G@C�ADDM�SGD�
E@UNTQHSD�RHMBD�LHC�������@MC�HMCDDC�SGD�
reference for the decision of proposing 
the NTT as a prototype for active optics) 
NM�SGD�A@RHR�NE�HSR�RBHDMSHjB�@CU@MS@FDR��
including the potential for inteferometric 
BNLAHM@SHNM��@KADHS�CDODMCDMS�NM�SGD�@R�
XDS�MNS�VDKK�DRS@AKHRGDC�TRD�NE�@C@OSHUD�
NOSHBR�
�3GD�VNQJRGNO�DMCNQRDC�SGD�
BGNHBD��@MC�@�OQNIDBS�FQNTO�V@R�RDS�TO�@S�
ESO under the leadership of Daniel 
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3GD�OQNIDBS�FQNTO�RS@QSDC�AX�KNNJHMF�@S�
SGD�R@LD�NOSHNMR�@F@HM��ATS�MNV�EQNL�@M�
DMFHMDDQHMF�ONHMS�NE�UHDV
� KSGNTFG�ANSG�
the segmented single telescope and the 
,,3�NOSHNMR�VDQD�BNMRHCDQDC�@SSQ@BSHUD��

SGD���LDSQD�@QQ@X�CDRHFM�OQNUDC�RTODQHNQ�
to both because it built on the experience 
ESO was developing in active optics  
@MC�ADB@TRD�HS�V@R�LNQD�kDWHAKD��BNM�
RSQTBSHNM�BNTKC�AD�SHLDC�SN�QDkDBS�SGD�
BTQQDMS�QDRNTQBDR��D@BG�SDKDRBNOD�BNTKC�
be offered to the community as it was 
BNLOKDSDC��@MC�SGD�HMSDQEDQNLDSQHB�BNL�
bination could be implemented when  
the appropriate technology became avail�
@AKD�
�(MSDQ@BSHNM�VHSG�HMCTRSQX�@MC�SGD�
BNLLTMHSX�PTHBJKX�CDSDQLHMDC�SG@S�@M�
��LDSQD�LNMNKHSGHB��SGHM��GDMBD�@BSHUD��
mirror was feasible and that a low cost 
DMBKNRTQD�BNMBDOS�@MC�@M�DEjBHDMS�AD@L�
BNLAHM@SHNM�BNTKC�AD�CDUDKNODC
�3GHR�KDC�
to the �linear array� concept that became 
SGD�A@RDKHMD�ENQ�SGD�5+3��RDD�$M@QC�������


Setting the example currently being fol�
KNVDC�HM�SGD�$TQNOD@M�$WSQDLDKX�+@QFD�
3DKDRBNOD��$�$+3��/G@RD�!��@�MTLADQ�NE�
competitive design/feasibility contracts 
were placed with industry (with others 
B@QQHDC�NTS�HM�GNTRD�
�3GHR�@KKNVDC�CHEEDQ�
ent solutions to be explored and accurate 
BNRS�DRSHL@SDR�SN�AD�NAS@HMDC��@CU@MBHMF�
SGD�OQNIDBS�BNMRHCDQ@AKX
�(M������HS�V@R�
presented at a dedicated conference in 
5DMHBD��@BGHDUHMF�@�K@QFD�BNMRDMRTR
�!X�
D@QKX������@�OQNONR@K�ENQ�BNMRSQTBSHNM�
had been prepared and distributed to the 
$2.�FNUDQMHMF�ANCHDR
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gave the green light to the start of the 
OQNIDBS
�3GD�"NTMBHK�CDBHRHNM�V@R�BNTQ@�
FDNTR��CHROK@XHMF�ANSG�ENQV@QC�KNNJHMF�

vision and trust in the executive (the NTT 
V@R�RSHKK�LNQD�SG@M�NMD�XD@Q�EQNL�jQRS�KHFGS�
@S�SG@S�SHLDl�
�

Thus began the great adventure of the 
BNMRSQTBSHNM�NE�SGD�5+3
�$@BG�4MHS�3DKD�
RBNOD�HR�@�1HSBGDXl"GQ!SHDM�VHSG�@M�%��
��
primary and equipped with four foci 
�%���
��"@RRDFQ@HM��SVN�%����-@RLXSG�
@MC�%���
��"NTC!�
�$@BG�OQHL@QX�S@JDR�
ETKK�@CU@MS@FD�NE�@BSHUD�NOSHBR��@MC��VHSG�
@�SGHBJMDRR�NE�����LL��HR�RNLD����SHLDR�
LNQD�kDWHAKD�SG@M�SGD�-33�LHQQNQ��VGHBG�
V@R�BNMRDQU@SHUDKX�RHYDC�RN�@R�@KRN�SN�AD�
@AKD�SN�ETMBSHNM�HM�O@RRHUD�LNCD�
�(M�O@Q�
SHBTK@Q��SGHR�kDWHAHKHSX�@KKNVR�SGD�ENBTR�SN�
be switched between Cassegrain and 
Nasmyth by changing the conic constant 
NE�SGD�OQHL@QX
�3GD�RDBNMC@QX�HR�@�KHFGS�
VDHFGS�ADQXKKHTL�LHQQNQ�VHSG�jUD�CDFQDDR�
of freedom and is used for many func�
tions: to focus and collimate the tele�
scope as part of the active optics control 
loop; to maintain the pointing of the tele�
RBNOD��SN�jDKC�RS@AHKHRD�SGD�ENB@K�OK@MD��
thus rejecting vibrations induced by wind 
and motors; as well as to chop and nod 
VGDM�NARDQUHMF�HM�SGD�HMEQ@QDC


Contracts began to be placed with indus�
SQX�ENQ�SGD�KNMF�KD@C�HSDLR��D
F
��SGD�OQH�
maries) while options were still being 
DWOKNQDC�ENQ�NSGDQ�RTARXRSDLR��D
F
��SGD�
CNLD��VGNRD�CDRHFM�V@R�RDKDBSDC�HM�
������SGD�XD@Q�SGD�SNO�NE�/@Q@M@K�V@R�k@S�
SDMDC�SN�BQD@SD�SGD�MDBDRR@QX�@QD@�
�
Some technical problems occurred with 
RNLD�NE�SGD�BNMSQ@BSR��D
F
��SGD�RDBNMC�
@QX�LHQQNQ���ATS�SGD�OQNIDBS��EQNL������
under the leadership of Massimo 
3@QDMFGH��VHSG�@�AQHDE�SDMTQD�AX�)N@BGHL�
!DBJDQ�HM�������OQNFQDRRDC�@S�@�GD@KSGX�
O@BD
�3GD�HMSDQEDQNLDSQHB�HMEQ@RSQTBSTQD�
V@R�ADHMF�QDCDjMDC��HMBQD@RHMF�SGD�
number of delay lines and auxiliary tele�
RBNODR�SN�@KKNV�OG@RD�BKNRTQD��SG@MJR�
also to special contributions by France 
and Germany (later supplemented by  
!DKFHTL��(S@KX�@MC�2VHSYDQK@MC�ENQ�SGD�OQN�
CTBSHNM�NE�@�ENTQSG� TWHKH@QX�3DKDRBNOD�
�
3GD�jM@K�KNB@SHNM�NE�SGD�4MHS�3DKDRBNODR�
(UTs) on the Paranal �platform� was 
CDjMDC�RN�SG@S�VGDM�TRDC�@R�@M�HMSDQEDQ�
ometer the best coverage of the uv plane 
could be achieved (within the constraint  
NE�LTST@K�UHFMDSSHMF�AX�SGD�CNLDR�
�"HUHK�
VNQJR��KD@C�AX�)NDQF�$RGV@X��OQNFQDRRDC�
RSD@CHKX�NM�SGD�LNTMS@HM��MNSVHSGRS@MCHMF�
SGD�f+@�3NQQD�E@LHKX�HMBHCDMSt�HM�����
�

&HKLNYYH�1
��$2.�R�3DKDRBNODR

Figure 2. One of the images of 
2-���� �S@JDM�@S�SGD�-33�VHSG�
$%.2"��NM����#DBDLADQ������ 
�RDD�6@LOKDQ�DS�@K
�������
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!X������@KK�OQHL@QX�LHQQNQ�AK@MJR�G@C�
ADDM�CDKHUDQDC��@MC�SGD�.ARDQU@SNQX�V@R�
ADFHMMHMF�SN�S@JD�RG@OD��SGD�DQDBSHNM�NE�
the main structure of UT1 had started at 
/@Q@M@K��VGHKD�@�BNLOKDSD�43�G@C�ADDM�
installed and tested functionally in 
$TQNOD
�3GD�jQRS�RDBNMC@QX�LHQQNQ�AK@MJ�
G@C�ADDM�BNLOKDSDC��@MC�SGD�jQRS�DMBKN�
RTQD�V@R�MD@QKX�BNLOKDSD
�

First light of UT1 was achieved on 25 May 
������@ESDQ�SGD�GDQNHB�DEENQSR�NE�SGD�
 BBDOS@MBD��(MSDFQ@SHNM�@MC�5DQHjB@SHNM�
(AIV) team lead by Peter Gray had suc�
BDDCDC�HM�ETKKX�HMSDFQ@SHMF�SGD�SDKDRBNOD
�
Commissioning of the telescope under the 
KD@CDQRGHO�NE�)@RNM�2OXQNLHKHN�B@LD�MDWS��
VGHKD�(�RS@QSDC�CDjMHMF�SGD�RBHDMBD�NODQ@�
tions scenario for the Observatory: in this 
B@O@BHSX�(�V@R�OQHUHKDFDC�SN�VHSMDRR�jQRS�
KHFGS��@MC�SN�RG@QD�HM�SGD�DWBHSDLDMS�NE�SG@S�
LDLNQ@AKD�DUDMS��RDD�3@QDMFGH�DS�@K
��
�����
�!X� OQHK������SGD�SDKDRBNOD�@MC�HSR�
SVN�jQRS�HMRSQTLDMSR�%.12��@MC�(2  "�

G@C�ADDM�BNLLHRRHNMDC��@MC�NODQ@SHNMR�
NE�43��RS@QSDC
�3GD�ENKKNVHMF�XD@QR�R@V�
the completion of the other telescopes 
@MC�NE�SGD�HMSDQEDQNLDSDQ�HMEQ@RSQTBSTQD
�!X�
September 2000 all telescopes had seen 
jQRS�KHFGS��@MC�HM�,@QBG������SGD�jQRS�
fringes had been detected by the interfer�
ometer combining the light from two small 
RHCDQNRS@SR
�

3GD�5+3�QDOQDRDMSR�SGD�BQNVMHMF�@BGHDUD�
LDMS�NE�$2.�HM�SGD�jDKC�NE�SDKDRBNOD��
L@JHMF
�3GNTR@MC�NE�L@M�XD@QR�NE�DEENQS�
by ESO and its contractors were invested 
HM�SGHR�RTBBDRR��@MC�SNC@X�SGD�/@Q@M@K�
NARDQU@SNQX���VHSG�HSR�ENTQ���LDSQD�SDKD�
RBNODR��ENTQ��
��LDSQD� 3R��SGD�@KLNRS�
BNLOKDSD�5+3�(MSDQEDQNLDSDQ��5+3(��@MC�
SGD�5+3�2TQUDX�3DKDRBNOD��523��@MC� 
SGD�5+3�(MEQ@QDC�2TQUDX�3DKDRBNOD�ENQ�
Astronomy (VISTA) telescopes soon to 
enter service � is the leading astronomi�
B@K�E@BHKHSX�HM�SGD�VNQKC��RDQUHMF�LNQD� 
than 4500 astronomers and producing 

an average of two refereed papers per 
C@X��SGD�GHFGDRS�RBHDMSHjB�NTSOTS�NE�@MX�
NARDQU@SNQX�@MXVGDQD


3GHR�RTBBDRR�HR�CTD��HM�LX�NOHMHNM��SN�@�
MTLADQ�NE�E@BSNQR��@LNMF�VGHBG�(�VNTKC�
KHJD�SN�DLOG@RHRD�SGD�SHFGS�BNKK@ANQ@SHNM�
VHSG�HMCTRSQX��SGD�OQNEDRRHNM@K�L@M@FD�
LDMS�LDSGNCR��SGD�OQNEDRRHNM@KHRL�@MC�
enthusiasm of the staff and the integrated 
RXRSDL�CDRHFM�SG@S�HMBKTCDR�@M�DMC�SN�
DMC�RBHDMSHjB�@OOQN@BG�ENQ�HSR�NODQ@SHNMR
�
3GD�5+3�V@R�CDRHFMDC�SN�AD�@�OQNODQ�
HMSDQEDQNLDSDQ��@MC�MDV�QDRTKSR�VHKK�RS@QS�
appearing after the current commission�
HMF�NE�SGD�/1(, �E@BHKHSX�BNMBKTCDR
� 
With its low technical downtime and high 
RBHDMSHjB�DEjBHDMBX��SGD�5+3�B@M�SQTKX�AD�
considered a science machine!

The future

(M������$2.�ADF@M�@M@KXRHMF�SGD�
�BNMBDOS�NE�@M�DWSQDLDKX�K@QFD�SDKDRBNOD��
@�����LDSQD�ADGDLNSG�B@KKDC�.6+� 
�ENQ�SGD�DONMXLNTR�AHQC�R�JDDM�MHFGS�
vision and for being OverWhelmingly 
+@QFD��@�L@QUDKKNTR�M@LD�BNHMDC�AX�SGD�
OQNIDBS�L@M@FDQ�NE�SGD�.6+�RSTCHDR��
/GHKHOOD�#HDQHBJW�
�3GD�.6+�V@R�A@RDC�
on a spherical primary that allowed  
the advantages of mass production to 
BNMS@HM�BNRSR��ATS�@S�SGD�DWODMRD�NE� 
a complex optical design to correct for 
the enormous spherical aberration intro�
CTBDC�AX�SGD�OQHL@QX
�3GD�.6+�G@C�@�
Phase A review by an international panel 
HM�-NUDLADQ�����
�3GD�QDUHDV�O@MDK�
ITCFDC�SGD�OQNIDBS�ED@RHAKD��ATS�HCDMSHjDC�
RNLD�SDBGMHB@K�QHRJR�SG@S�LHFGS�@EEDBS� 
the schedule and the budget and recom�
mended that the project proceed to 
/G@RD�!��ATS�SG@S�@�RL@KKDQ�RHYD�AD�BNM�
RHCDQDC�SN�LHSHF@SD�SGD�QHRJR�@MC�SN�BNM�
S@HM�SGD�ATCFDS


6G@S�ENKKNVDC�V@R�SGD�CDjMHSHNM�NE�@�$TQN�
OD@M�$WSQDLDKX�+@QFD�3DKDRBNOD�SG@S�
involved extensive community consultation  
SGQNTFG�jUD�O@MDKR�DRS@AKHRGDC�AX�SGD�
ESO Director General in late December 

Figure 3.�5+3�%.12�HL@FD�NE�SGD�ROHQ@K�F@K@WX�
-&"�����S@JDM�CTQHMF�BNLLHRRHNMHMF�NM����2DO�
SDLADQ�����
�3GHR�HL@FD�V@R�UNSDC�@LNMFRS�SGD� 
SDM�LNRS�HMROHQHMF�HL@FDR�NE�SGD�BDMSTQX��2JX�@MC�
3DKDRBNOD��)@MT@QX������
�
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400 Years of the Telescope

�����NM�SGD�SNOHBR�NE�RBHDMBD��RHSD��@C@O�
SHUD�NOSHBR��HMRSQTLDMS@SHNM�@MC�SDKDRBNOD
�
3GD�BNMBKTRHNMR�NE�SGD�$+3�2BHDMBD�@MC�
$MFHMDDQHMF�6NQJHMF�&QNTO��BNLONRDC� 
NE�BG@HQR�@MC�BN�BG@HQR�NE�SGD�O@MDKR�@MC�
chaired by Daniel Enard) was a toolbox  
SN�AD�TRDC�@R�@�FTHCD�ENQ�SGD�$2.�$+3�
/QNIDBS�.EjBD��BQD@SDC���)TMD�������ENQ�
SGD�CDjMHSHNM�NE�@�A@RHB�QDEDQDMBD�CDRHFM�
SG@S�BNTKC�AD�OQDRDMSDC�SN�SGD�BNLLT�
MHSX�@MC�SGD�BNLLHSSDDR�NE�$2.
�3GD�
premise underlying these activities was 
the December 2004 strategic resolution 
of the ESO Council that requires that the 
organisation develop a facility that will 
address the exciting science awaiting us 
in the coming decade and will be compet�
itive in timescale and performance with 
RHLHK@Q�E@BHKHSHDR�OK@MMDC�DKRDVGDQD
�

3GD�VNQJ�AX�SGD�$2$�O@MDKR�@MC�SGD�
6NQJHMF�&QNTO�QDOQDRDMSR�@�QDL@QJ@AKD�
RTBBDRR�NE�SGD�BNLLTMHSX
�3GHR��MNS�NMKX�
for having been able to produce the tool�
box (consisting of several hundred pages 
NE�QDONQSR��HM�ITRS�@�EDV�LNMSGR��ATS�@ANUD�
all for demonstrating the ability to con�
UDQFD�SN�@�TMHjDC�RDS�NE�QDPTHQDLDMSR�@MC�
SN�@�TMHjDC�BNMBDOS
�3GD�RODBHjB�FN@KR� 
to be addressed in the design were that 
SGD�$�$+3�RGNTKC�G@UD�@�OQHL@QX�LHQQNQ�NE�
42 m in diameter (considered a good 
compromise between ambition and timeli�
MDRR���SGD�OQHL@QX�RGNTKC�OQDEDQ@AKX�MNS�
AD�ROGDQHB@K��SGD�SDKDRBNOD�RGNTKC�G@UD�
@C@OSHUD�NOSHBR�ATHKS�HMSN�HS��@MC�RGNTKC�
CDKHUDQ�@�RBHDMBD�jDKC�NE�UHDV�NE�@S�KD@RS�
jUD�@QBLHMTSDR�HM�CH@LDSDQ�VHSG�@�RSQNMF�
OQDEDQDMBD�ENQ�K@QFDQ�jDKCR
�%TQSGDQLNQD�
the telescope was to provide multiple sta�
ble observing platforms and have a focal 
Q@SHN�E@UNTQ@AKD�SN�HMRSQTLDMS@SHNM
�

Additional inputs to the design of the 
 telescope came from the conclusions of 
SGD�.6+�QDUHDV
�3GD�O@MDK�G@C�QDBNL�
LDMCDC�SG@S�BDQS@HM�GHFG�QHRJ�HSDLR�
OQDRDMS�HM�SGD�.6+�CDRHFM�RGNTKC�AD�
@UNHCDC�HM�SGD�MDWS�HSDQ@SHNM�NE�SGD�CDRHFM
�
#NTAKD�RDFLDMS@SHNM��NM�.6+�SGD�OQH�
mary and secondary were both seg�
mented) and the high complexity of the 
@C@OSHUD�LHQQNQ��HM�.6+�SGD��SG�LHQQNQ�
BNLAHMDC�jDKC�RS@AHKHR@SHNM�@MC�@C@OSHUD�
corrections in a single unit) were consid�
DQDC�QHRJR�SG@S�VNTKC�CDK@X�NQ�IDNO@QCHRD�
SGD�OQNIDBS
�3GD�E@RS�ENB@K�Q@SHN�NE�SGD�
�SDKDRBNOD��%�����SGD�@ARDMBD�NE�FQ@UHSX�
HMU@QH@MS�ENB@K�RS@SHNMR��@MC�SGD�BNMBDOS�

Figure 4.�2HLTK@SDC�$�$+3�HL@FD�
(bottom) compared with the same 
UHDV�AX�'23��SNO��@MC�AX�@M���LDSQD�
CHEEQ@BSHNM�KHLHSDC�SDKDRBNOD��BDMSQD�


&HKLNYYH�1
��$2.�R�3DKDRBNODR
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NE�NODM�@HQ�NODQ@SHNM�VDQD�@KRN�NM�SGD�KHRS�
NE�SGHMFR�SN�AD�@UNHCDC�HM�SGD�QDCDRHFM


.M�SGD�@CUHBD�NE�SGD�$2$�VNQJHMF�FQNTO��
CTQHMF������SGD�$+3�OQNIDBS�NEjBD�@S�$2.�
analysed two designs of a fully adaptive 
telescope � a Gregorian and a novel 
jUD�LHQQNQ�CDRHFM�OQNONRDC�AX�!DQM@QC�
#DK@AQD��@M�NM�@WHR�SGQDD�LHQQNQ�@M@RSHF�
L@S�VHSG�SVN�@CCHSHNM@K�k@S�LHQQNQR�BNM�
veniently located to serve as adaptive 
NOSHBR�@MC�jDKC�RS@AHKHR@SHNM�LHQQNQR�
�3GD�
anastigmat design provides excellent 
image quality (diffraction limited over the 
ETKK����@QBLHMTSD�jDKC�NE�UHDV���HR�@KLNRS�
EQDD�NE�jDKC�BTQU@STQD��G@R�SGD�DWHS�OTOHK�
BNMBDMSQHB�VHSG�SGD�ENB@K�OK@MD��B@M�
adapt its focal length to the different foci 
HM�@�V@X�RHLHK@Q�SN�SGD�5+3�R��@MC�HMSQN�
duces minimal aberrations in the wave�
EQNMS�EQNL�K@RDQ�FTHCD�RS@QR
�

$UDMST@KKX��SGD�MNSHNM�NE�@M�@C@OSHUD�SDKD�
scope may one day be seen as a natural 
DUNKTSHNM�NE�SDKDRBNOD�CDRHFM
� R�RHYD�
HMBQD@RDR��RN�CNDR�SGD�ONSDMSH@K�QDRNKT�
SHNM��@MC�@SLNROGDQHB�STQATKDMBD�
becomes just one more error source 
(admittedly a major one) the telescope 
LTRS�CD@K�VHSG
�(MCDDC��VHSG�SGD�$�$+3�SGD�
boundary between adaptive and active 
NOSHBR�ADBNLDR�AKTQQDC��HE�SGDQD�@S�@KK
�

 �CDS@HKDC�SQ@CD�NEE�ADSVDDM�SGD�SVN�
designs was performed and presented to 
the ESO committees and to the European 
community at the Marseille conference in 
#DBDLADQ�������'NNJ��������,NMMDS��
������"TAX������
�.M�SGD�A@RHR�NE�SGD�
industrial studies it appeared that the 
BNLOKDWHSX��BNRS�@MC�RBGDCTKD�QHRJ�NE�@�
�
��LDSQD�&QDFNQH@M�CDENQL@AKD�RDBNMC�
ary mirror would seriously endanger the 
OQNIDBS
�6GHKD�SGD��
��LDSQD�CDENQL@AKD�
LHQQNQ�NE�SGD�jUD�LHQQNQ�CDRHFM�HR�@MXSGHMF�
ATS�RSQ@HFGSENQV@QC��SGD�HMCTRSQH@K�OQNONR�
als for its construction placed it far from 
the critical path with a number of alterna�
SHUD�RNKTSHNMR
�3GD���LDSQD�jDKC�RS@AHKHR@�
SHNM�LHQQNQ��,���HR�@KRN�E@Q�EQNL�RHLOKD
�
 MNSGDQ�L@INQ�BG@KKDMFD�ENQ�SGD�jUD�LHQ�
QNQ�CDRHFM�HR�SGD��
��LDSQD�RDBNMC@QX�
LHQQNQ
�/NKHRGHMF�RTBG�@�BNMUDW�LHQQNQ�
(actually it is the testing rather than the 
polishing) requires some innovative 
@OOQN@BGDR��ATS�HMCTRSQH@K�RTOOKHDQR�G@UD�
BNMjQLDC�SG@S�HS�B@M�AD�@BGHDUDC
�

3GD�@CU@MS@FDR�NE�SGD�$�$+3�jUD�LHQQNQ�
CDRHFM�HM�RDO@Q@SHMF�SGD�jDKC�RS@AHKHR@SHNM�
ETMBSHNM�EQNL�SGD�@C@OSHUD�LHQQNQ��OQNUHC�
HMF�@M�HMRSQTLDMS�EQHDMCKX�ENB@K�OK@MD� 
@MC�ADHMF�K@RDQ�EQHDMCKX��L@JD�HS�@�UDQX�
@SSQ@BSHUD�CDRHFM
�3GD�SVN�@CCHSHNM@K�
QDkDBSHNMR�NE�SGD�jUD�LHQQNQ�CDRHFM�@QD�
not expected to contribute dramatically  
to the total mirror count before the pho�
tons arrive at the instrumentation detec�
SNQR
�3GD�/QNIDBS�.EjBD�HR�KNNJHMF�HMSN�
novel coatings that are currently under 
development and can further mitigate 
SGD�DEEDBS�NE�LNQD�QDkDBSHNMR
� MNSGDQ�
RHFMHjB@MS�@CU@MS@FD�NE�SGD�$�$+3�CDRHFM�
HR�SG@S��SGD�SDKDRBNOD�HR�VDKK�BNMjFTQDC� 
SN�S@JD�@CU@MS@FD�NE�ETSTQD�DMG@MBDLDMSR�
HM�SGD�SDBGMNKNFX�NE�CDENQL@AKD�LHQQNQR
�
The cost of an upgrade to a higher den�
RHSX�NE�@BST@SNQR��VGDM�SGHR�ADBNLDR�ED@�
RHAKD��VNTKC�AD�BNLO@Q@AKD�SN�SG@S�NE�@�
novel instrument and could be deployed 
HM�@�RHLHK@Q�NQ�DUDM�RGNQSDQ�SHLDRB@KD
�(M�
the Gregorian case the cost and schedule 
NE�RTBG�@M�TOFQ@CD�BNTKC�AD�OQNGHAHSHUD


The ESO committees and the community 
unanimously supported the choice of the 
jUD�LHQQNQ�CDRHFM��@MC�NE�SGD����LDSQD�
RHYD��@MC�QDBNLLDMCDC�SGD�RS@QS�NE�SGD�
CDS@HKDC�CDRHFM�OG@RD
�

In December 2006 the ESO Council 
resolved that ESO should proceed into 
Phase B with the aim of having a proposal 
for construction ready to be submitted to 
the ESO Council in late 2009 or early 
����
�3GD�QDRNTQBDR�@KKNB@SDC�SN�/G@RD�!�
@QD���
��,©�HMBKTCHMF�L@MONVDQ�BNRSR
�

#TQHMF�/G@RD�!��BNMSQ@BSR�G@UD�ADDM�
placed with industry for the advancement 
to preliminary design status for all major 
RTARXRSDLR
�"NMSQ@BSR�@QD�HM�OK@BD�ENQ�
SGD�CDUDKNOLDMS�NE�SGD�L@HM�RSQTBSTQD��
SGD�CNLD��SGD�@C@OSHUD�LHQQNQR��SGD�SHO�SHKS�
TMHS�@MC�SGD�OQHL@QX�LHQQNQ�RTOONQS
�2DU�
eral prototype mirror segments are being 
OQNBTQDC�@MC�ONKHRGDC�SN�SGD�RODBHjB@�
SHNMR�NE�SGD�OQNIDBS
�(MSDFQ@SDC�LNCDKKHMF��
development of concepts for the control 
RXRSDL��SGD�LHQQNQ�BDKKR�@MC�SGD�@C@OSNQ�
QNS@SNQR��MNV�B@KKDC�OQD�ENB@K�RS@SHNMR��@QD�
NMFNHMF��@R�HR�SGD�CDRHFM�NE�SGD�RDBNMC�
@QX�TMHS
�%NQ�BQHSHB@K�RTARXRSDLR�VGDQD�
more than one technology exists or where 
LNQD�SG@M�NMD�@OOQN@BG�HR�ONRRHAKD��
�LTKSHOKD�BNMSQ@BSR�G@UD�ADDM�OK@BDC
� S�
SGD�OQDRDMS�SHLD��LNQD�SG@M�����NE�SGD�

/G@RD�!�ATCFDS�G@R�ADDM�BNLLHSSDC
�
2DD�2OXQNLHKHN�DS�@K
��������ENQ�CDS@HKR


/G@RD�!�HR�RTOONQSDC�AX�SGD�$"�RONM�
RNQDC��%Q@LDVNQJ�/QNFQ@LLD����$+3�
#DRHFM�2STCX��#2��VNQJ�SG@S�RS@QSDC�HM�
�����@R�@�O@M�$TQNOD@M�CDRHFM�HMCD�
ODMCDMS�1�#�@BSHUHSX��ATS�V@R�@KHFMDC� 
SN�SGD�$�$+3�CDRHFM�@S�SGD�DMC�NE�����
�
,@MX�NE�SGD�$+3�#2�QDRTKSR�G@UD�ADDM�
ENKCDC�HMSN�SGD�/G@RD�!�@BSHUHSX
�%TQSGDQ�
supporting activities are being carried out 
TMCDQ�@M�%/��RONMRNQDC�fOQDO@Q@SHNM�ENQ�
BNMRSQTBSHNMt�@BSHUHSX


Supervision for the project is provided  
AX�SGD�$�$+3�2BHDMBD�@MC�$MFHMDDQHMF�
RTABNLLHSSDD�NE�SGD�2BHDMSHjB�3DBGMHB@K�
"NLLHSSDD��23"��BG@HQDC�AX�3NL�'DQARS��
AX�SGD�23"�HSRDKE��@MC�AX�SGD�$2.�"NTM�
BHK�R�$+3�2S@MCHMF�1DUHDV�"NLLHSSDD�
BG@HQDC�AX�1NFDQ�#@UHDR
� �2HSD�2DKDBSHNM�
Advisory Committee will advise the Direc�
SNQ�&DMDQ@K�@ANTS�SGD�RHSD�BGNHBD��SN�AD�
L@CD�VHSGHM�@�XD@Q


/G@RD�!�G@R�ITRS�O@RRDC�HSR�LHC�SDQL�
review after a number of internal reviews 
consolidated the baseline reference 
CDRHFM��@MC�HR�NM�SQ@BJ�ENQ�RTALHSSHMF�@�
construction proposal to the ESO com�
mittees and Council by autumn 2010 
@ESDQ�@�BNMRSQTBSHNM�QDUHDV�SG@S�VHKK�S@JD�
OK@BD�HM�2DOSDLADQ�����


 BJMNVKDCFDLDMSR

During the past 40 years ESO has regained a compet�
HSHUD�KDUDK�ENQ�$TQNOD@M�FQNTMC�A@RDC�NARDQU@SHNM@K�
@RSQNMNLX��G@R�OHNMDDQDC�MDV�SDBGMNKNFHDR�@MC�MDV�
NODQ@SHNM@K�RNKTSHNMR��@MC�HR�ONHRDC�SN�S@JD�SGD�KD@C�HM�
the design and construction of an extremely large tele�
RBNOD
�3GHR�G@R�ADDM�L@CD�ONRRHAKD�AX�SGD�BNLAHMDC�
DEENQSR�NE�HSR�RS@EE�LDLADQR
� BJMNVKDCFHMF�@KK�VGN�
have contributed would require the whole ESO organi�
gram during the past 40 years to be reproduced!

#@MHDK�$M@QC��VGN�BNMSQHATSDC�RN�LTBG�SN�SGD�CDUDK�
NOLDMS�NE�SGD�5+3�@MC�SN�GDKOHMF�TR�RDS�SGD�BNTQRD�
ENQ�SGD�$�$+3��O@RRDC�@V@X�NM��� TFTRS�����
�'D�HR�
RNQDKX�LHRRDC
� M�NAHST@QX�B@M�AD�ENTMC�HM�,DRRDM�
FDQ������"TKKTL�������
�
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