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No. 94 – December 1998


1. Introduction


1.1 The Project 


FORS, the 


FO


cal 


R


educer/low dis-persion 


S


pectrograph, was the first VLTinstrument to be designed and built out-side ESO. Following a Call for Proposalsin 1990, the contract to realise the pro- ject was awarded in 1991 to a consortiumof three German astronomical institutes(Landessternwarte Heidelberg and theUniversity Observatories of Göttingenand Munich). Due to its large variety ofobserving modes, a heavy demand for ob-serving time was expected for the envis-aged instrument. Therefore, ESO decid-ed from the beginning to order two near-ly identical instruments from the consor-tium. An account of the start of the pro- ject is given in [1]. In April 1992 thePreliminary Design Review was held fol-lowed by the Final Design Review inFebruary 1994. Immediately afterwards,the consortium started to transform theapproved design into hardware. The per-formance of the instrument and its com-ponents was continuously tested in thelaboratory during the different stages of
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Figure 1: FORS1 installed on UT1. The instrument with the electronics boxes is well visible as well as the tripod on the M1 cell that carries the cable hose. This cable hose (a flexible metal hose) contains all electric power, LAN and cooling water lines for FORS.




















        
        

        

        

        

        

        

        

        

      

      
        
      
    
  
    
      
        
          

 

manufacturing and assembling. In No-vember 1996 extensive tests of the inte-grated FORS1 instrument were started inan Integration Facility of the DeutscheForschungsanstalt für Luft- und Raum-fahrt (DLR) in Oberpfaffenhofen nearMunich. A telescope and star simulatorallowed to tilt and rotate the instrumentand to simulate stars in the field of view.Electro-mechanical functions, image mo-tion due to flexure, optical performance,the calibration units and the instrument-related software were checked for theirconformity with the specifications givenby ESO and were optimised if deemednecessary. For details see [7] and [8].Within the consortium the tasks weredistributed as follows:• Heidelberg: optics, data reductionsoftware, telescope and star simulator• Göttingen: mechanics, auxiliary de-vices• Munich: instrument-related software,electronics, project managementThe detector system, based on a SITe2048 


×


2048 CCD with 24-µm pixel size,was developed by ESO.The manufacturing of the twin instru-ment FORS2 will be completed by the endof 1998. After the performance tests,which will take about half a year, FORS2will be shipped to Paranal in summer1999. It will be installed on VLT UT2 atthe end of 1999 and released for obser-vation in March 2000. 


1.2 Design Parameters 


FORS has been designed as an all-dioptric Cassegrain instrument for thewavelength range from 330 nm to 1100nm and it will cover the following ob-serving modes:• Direct imaging with two image scales(0.2 and 0.1 arcsec/pixel, correspondingfields of view of 6.8


′× 


6.8


′


and 3.4


′×


3.4


′


,respectively)• Low-dispersion grism spectroscopy(resolutions between 200–1800 for 1arc-sec slit width, reciprocal dispersion44–228 Å/mm) – Multi-object spectroscopy (MOS) ofup to 19 targets with individually ad- justable slits – Long-slit spectroscopy (mask with 9slits with fixed widths between 0.3 and 2.5arcsec)• Imaging polarimetry and spectro-po-larimetry (linear and circular; FORS1only)• Echelle spectroscopy (FORS2 only),with resolutions up to about 5000 for1 arcsec slit width, reciprocal dispersion15–40 Å/mm• Multi-object spectroscopy with slitmasks (FORS2 only), for survey-typeprogrammes where more than 19 objectsare observed or special slit shapes areneeded.A more comprehensive description ofthe instrument performance is given in [2],[3] and [4]. The grisms used in FORS aredescribed in [5].The main scientific objective of FORS wasto extend ground-based spectroscopyand photometry to significantly fainter ob- jects than could be reached so far.Among the tasks of FORS will be thequantitative analysis of the properties ofgalaxies at distances up to 10 billion light-years and beyond. Thus it will becomepossible to obtain information on the uni-verse in its early phases resulting in fun-damental insights into the creation anddevelopment of galaxies. Investigationsof clusters of galaxies and of single starsin galaxies may shed light on the natureof the dark matter. Spectroscopy of lu-minous stars, supernovae and planetarynebulae in remote galaxies will allow usto obtain a better knowledge of the ex-pansion of the universe and will provideinformation on the origin of chemical el-ements outside our own Galaxy. Even inour Galaxy new discoveries concerninge.g. the late phases of stellar evolution orthe creation of stars and planetary sys-tems are to be expected (see also [6]).


2. The Final Steps


By the beginning of 1998 the FORSproject started to home in on the finalround. The instrument had already beentested extensively in the DLR facility.In January ESO’s Optical Detector Teamdelivered the final scientific CCD system,together with one of the first copies of thenewly developed FIERA CCD controllers.Another round of tests followed whichalso served as the “First VerificationTest” specified in the contract to be donebefore shipping the instrument to Chile.During these tests particular attention waspaid to proving that the image quality inall observing modes conformed to thespecifications. During another extensiveset of measurements we checked for im-age motion due to instrument flexure(Fig.2). This is particularly important forFORS as a Cassegrain instrument that issubjected to wide variations in spatial ori-entation during tracking. The results arepublished in [8] and fully comply with thefinite element calculations done during thedesign phase. Other tests included thesetting accuracy of the slitlets for themulti-object spectroscopy, which is cru-cial for the successful use of that mode.Moreover, we tested already in Europethe complete control system, from theworkstation software through the localarea network connection to the softwarerunning on the three instrument local con-trol units ( “board computers” ) and theirco-operation with the FIERA detectorcontroller. In addition, the interface to theTelescope Co-ordination Software (TCS)was tested with the TCS simulator atESO/Garching. All tests were passed suc-cessfully, and by the middle of JuneFORS was removed from the telescopesimulator to be packed for shipping. It had been decided to transport FORSby air to Chile. This meant first a trans-port by truck from Oberpfaffenhofen toFrankfurt airport and from there by air-plane to Santiago de Chile. The packingtherefore had to take into account the spe-cific requirements of this multiple trans-port: The instrument was taken apart asfar as necessary to allow safe packing indedicated boxes. The boxes for the ma- jor instrument sections consisted of stur-dy frames on which wooden boxes weresitting, damped by specially dimensionedcoiled steel springs. All other componentslike drive units, electronic racks, filters,grisms, etc. were packed in aluminiumcontainers. Altogether the shipment con-sisted of 22 boxes. After the transport hadarrived in Santiago they were loaded ontotwo climatised trucks with air suspensionfor the final 1200-km journey to the VLTObservatory on Paranal. Thanks to thevery professional way this was handledby the truck drivers, also this 2-day trippassed without problems – under the
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Figure 2: FORS1 on the telescope simulator during flexure tests in the integration hall of DLR at Oberpfaffenhofen near Munich.
















        
        

        

        

        

        

        

        

        

      

      
        
      
    
  
    
      
        
          

 

watchful eyes of the accompanying pro- ject manager.In the meantime, the preparations onParanal for the re-assembly of FORS1were nearly complete: erection of a spe-cially designed integration stand, settingup of a local-area network for our work-station and many other little things whichwould allow us to start integration of theinstrument immediately after its arrival onthe mountain.Re-assembly in the Auxiliary TelescopeHall (ATH, Fig. 3) in the Paranal basecamp went very smoothly. The instrumentsections were unpacked, transport locksand dampers removed, and the main op-tics inserted. In parallel the electronicswere activated. Finally, all instrumentsections were put together on the inte-gration flange and the detector system at-tached. Another round of tests involvingfunctional checks of all motors and seriesof screen flats and pinhole exposures fol-lowed which proved that we were reallyready for installation on the telescope.In the morning of September 10, theATH crane was used to put FORS1 (wellpacked in plastic foil to protect it againstdust during the following 3-km journey)onto the loading area of the large Paranalair suspension truck. It is a strange feel-ing to watch the work of the past 9 yearshover 5 metres above the ground, sup-ported only by a couple of thin wires! Very slowly and carefully, the truckmoved up to the top of the mountain, ac-companied by an escort of cars forcingall other traffic out of the way, and somecolleagues constantly having an eye onthe truck with its precious load (Fig. 4).After nearly one hour, the convoy arrivedin front of UT1. The following operationproved to be the most time consuming ofthe whole transport and installation: get-out problems. Next was the loading of allauxiliary optics (filters, grisms, Wollastonprism) in the corresponding openings ofthe filter and grism wheels.


3. At Last: First Light!


On the evening of September 15 finallyeverything was ready: The sky overParanal was clear, the enclosure wasopened, the telescope pointed to a pho-tometric standard star field close tozenith, the image analysis was performedby the active optics system and the in-strument shutter opened for a 10-secondexposure through the Bessell V filter. Theexcitement in the control room was grow-ing while the image appeared on the RealTime Display station: the stars lookedneatly small and round – we had suc-cessful First Light! The camera focus hadbeen pre-set to the value calculated ac-cording to the current temperature, andas the following series of exposuresshowed this was exactly the right setting.The rest of this night and the subse-quent ones were used to conduct aquick series of observations in all in-strument modes to confirm that the over-all performance was as expected. In thefourth night a thorough verification pro-gramme began during which we made ex-posures in all observing modes, with allavailable filters and grisms. Altogetherabout 20 Gb of data were taken duringthe 21 nights of the first commissioningperiod. Some of these data were reducedin a preliminary way and made public im-mediately (see http://www.eso.org/out-reach/press-rel/pr-1998/pr-14-98.html andhttp://www.eso.org/outreach/press-rel/pr-1998/phot-38-98.html); now work is go-ing on with the remainder to prove thatthe instrument indeed fulfils the specifi-cations. A preliminary assessment is giv-en in the following section.
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ting FORS1 and the carriage down fromthe transport truck using the huge M1 celllifting platform. The carriage with FORS1on it was then lifted through the trap dooropening onto the telescope fork base withthe enclosure crane and soon afterwardsFORS1 was mounted at the UT1 Casse-grain flange! Finally the CCD detector inits cryostat was attached at the FORS1bottom end as well as the tube tripod car-rying the cable hose with the electricalpower, LAN and cooling water lines. Thenext day saw the first test of the completeFORS1 system in the telescope envi-ronment (Fig. 1) which also went with-


Figure 3: Re-assembly in the Auxiliary Telescope Hall on Paranal with FORS1 on the integra- tion stand in the background, the control cabin at right and the Cassegrain carriage (foreground left) which is used for all major transport and handling operations.Figure 4: FORS1 on its way to the telescope.
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