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ABSTRACT

The Project Telescopio Nazionale GALILEO (TNG) will provide a 3.5-rn telescope for the Italian astronornical
comrnunity. Its main features closely parallel those of the ESO New Technology Telescope (NTT). We describe here
its characteristics and its most important differences with respect to the NTT.

The figuring of the three mirrors was successfully completed, with results exceeding the specifications. The telescope
structure has been assembled in the workshop, and alignement tests are under way. The control system (motors,
r,coders, VME and workstation environement) is also in an advanced stage of development.

The TNG will be part of the Observatorio del Roque de los Muchachos, in the Canary Islands. Its location is on
the West side of the mountain, some 400-rn from the NOT; excavation works are already well advanced. Civil works
should be finished in the course of the current year. It is expected to complete the rotating building, and the erection
of the telescope before the end of 1995, to start regular operations in 1996.

1. THE OPTICS

The National Council for Astronomical Researches (CRA) set very challenging goals for the optical quality of the
Telescopio Nazionale Galileo (TNG hereafter). Those recommendations were transferred to the specifications of the
quality of the blanks and of their optical figuring (in a single contract awarded to Zeiss, including both the Schott
Zerodur blanks and their polishing). The work was closely monitored by our team at all stages.

The geometrical dimensions and constants of the three mirrors (primary F/2.2 meniscus shaped, configuration
Ritchey—Chretien F/li), and the initial contractual specifications (80% of the Encircled Energy from the overall
system within 0".30 in the passive mode, and within 0".lS in the active mode) were kept equal to those of the NTT,
the only difference being a modification in the shape of the 24 lateral pads of the primary mirror.

The optical surfaces of the primary mirror Ml and of the secondary M2 are represented by the following classical
curve1:

1 l+K l+K2
z=p2+ 8R3 l6R5 (1)

where for the primary
R1 = —15400mm 2.5mm , K1 = —1.0238 (2)

(namely, in the alternative notation using the coefficients AD and AE multiplying the radial terms, respectivley p'
and p6: AD = 8.15183 x 1016mm3, AE negligible); and for the secondary:

R2 = —4416.7mm , K2 = —2.4526 (3)

corresponding to AD = 2.10756 x 1012mm3, AE = —7.76 x 1020mm5.
The fast improvement in the quality achieved by Zeiss during the polishing of Ml in late 1991 ,suggested to attempt

a further smoothing effort in order to reach an intrinsic image quality, (for the whole optical system) corresponding
to a concentration of 80% of the geometric encircled energy GEE(80) within 011.10. To achieve such a goal, greater
control in the polishing of M2 and M3 was also required.

On the basis of tests performed by Zeiss using an He-Ne Laser Unequal Path Interferometer (LUPI) at A =632.8nm,
the final status of the mirrors can be summarized as follows2:

Ml: figuring was completed by Zeiss in a very short time compared with other similar projects, namely in some
12 months, 4 months earlier than contractually planned. Interferograms were obtained through the same null-lens
corrector (K-system, of the Offner type, designed to compensate the spherical aberration of Mi) used for the NTT,
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after removing the small dimensional error which is believed to be the origin of the NTT spherical aberration.3
Verification of the final quality was done on the same support system used for figuring, after rotating the mirror by
several successive position angles.

After mathematical subtraction of piston, tilt, focus and coma terms (for a correct positioning of M2), a wavefront
aberration of 202 nm RMS was measured, corresponding to a GEE(80) = O".24 diameter for 900 sampling points.
This is the so-called Basic Quality of the mirror, namely the image quality achieved without resorting to the active
control of Ml.

The Intrinsic Quality, evaluated after mathematical subtraction of third order coma, third order astigmatism,
triangular coma and quadratic astigmatism, corresponds to a waveftont aberration of 17.0 nm RMS ( A/40), namely
to a surface smoothness of 8.5 urn RMS. The corresponding energy concentration is GEE(80) = O".064 diameter for
30 x 30 sampling points.

The analysis made by Zeiss was confirmed using our Shack-Hartmann device ANTARES, described in the next
paragraph.4'5 In the latter cited paper, a distinction has been drawn between the geometrical EE and the physical EE
based on the complete diffraction theory.

The main conclusion is that the mirror behaves very closely to a diffraction limited one5: the physical EE(80%) is
contained in a diameter of 0. 15 arcsec.

Additional interferometric tests were made with Ml in its cell, transported from Ansaldo (Genova) to Zeiss
(Oberkochen) in the period December 1992 - March 1993. During those tests we could operate the active control
of M 1 , to remove the spherical aberration, all the third order terms plus one astigmatism and two coma terms of
higher order, by the optimisation of the forces on the 78 axial actuators (three of which are fixed).

The results obtained by Zeiss and by our team, using the previous analysis were fully confirmed. As shown in
Fig. 1, the first diffraction ring is clearly visible on the PSF. These tests provided also a calibration of the forces
of the actuator in terms of the ESO quasi-Zernike polynomial coefficients, with a resolution and reproducibility of
approximately 30 grams on each actuator.6 Therefore, the excellent performances reached on the polishing support
table should be reproducible on the mirror cell in actual operation.
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Fig. 1 . Profiles for the Point Spread Functions (taking into account diffraction effects) in the worst and best cases
obtained at Zeiss on the mirror cell support. For comparison the theoretical Point Spread Function adopting the

same obstruction ratio is also shown.

We took advantage of this period in order to measure directly the K1 conical constant, whose independent estimate
from the interferograms is prevented by the presence of the K-system. Given the impossibility to use the pentaprism
method in the Zeiss set-up, a fairly novel method was devised by R. Ragazzoni (1994, in preparation); the result is:

K1 = —1.0245 0.0005 (4)
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torresponding in term& . of third order spherical aberration at the Nasmyth foci to Sph3 (1 O.7)A at A = 500 nm.
These measurements were done with Ml inside the cell, adopting the best set of forces found in earlier operations.

M2: the secondary mirror was polished against a matrix glass, and tested in its vertical position using the smtie
methods of NTT; a contribution to the Intrinsic Quality due to surface departure of 4.7 nm EMS of 0.040 GEE(80)
is to be considered.

M3: the flat tertiary was smoothed out, on a Zygo machine, to better than 4.4 nm RMS on surface.
Summing the contributions from the three mirrors, the final value of the overall geometrical EE(80) is:

Basic Quality: 101 nm RMS GEE(80) = 0.261 arcsec
Intrinsic Quality: 10.2 nm RMS GEE(80) = 0.082 arcsec

2. ANTARES: ANALYZER OF TRANSVERSE ABERRATIONS

ANTARES is an instrument originally designed at ESO for analyzing the aberrations of a telescope. Schematically,
it consists of a collimating lens which images the telescope pupil on the Shack-Hartmann grid, consisting of 30 x 30 small
(0.5 mm diameter) lenslets. The light falling on this grid is thus divided into many sub-pupils (each corresponding to a
specific portion of the telescope pupil) which are imaged on the CCD. A reference exposure with a laser diode through
the same optical set-up provides a second image, used to calibrate the aberrations of ANTARES itself. The shifts
between the two patterns give a quantitative estimate of the wavefront aberrations in terms of Zernike polynomials.

A portable version of ANTARES (dimensions 66 x 17 x 24 cm; weight 12 Kg) has been developed in a collaborative
effort between TNG and ESO, and built by Laser Point (Italy). The main features of the new system are:

(i) telescope focal ratios which can be tested: f/8 to f/35;
(ii) data acquisition using a peltier-cooled CCD camera (produced by Astromed, UK) controlled by a portable PC;
(iii) data reduction on the same PC in real time (about 25 seconds for read-out of 512 x 512 pixels, 20 seconds for
computations).

It has been used for extensive tests on the 1.82-m telescope of the Asiago Observatory, and to measure the conic
coefficient of its primary mirror.

Furthet improvements both in hardware and software (transputer-based CCD read-out, computation of centroids
as the CCD is being read-out, Graphical User Interface etc.) have been implemented.7'8

3. ACTIVE OPTICS SYSTEM

The TNG Active Optics System (AOS) was designed following the NTT guidelines, but it contains significant
differences: the control has been completely redesigned, M2 is moved by an exapod system, and a medium frequency
(about 15 Hz) tilt of M3 has been added. The AOS can receive inputs from five sources:

1. the Shack-Hartmann (SH) wavefront analyzer in the Rotator/Adaptor unit;
2. guiding cameras in the same unit;
3. the scientific instrument at the focal plane;
4. the elevation encoder;
5. temperature sensors placed on the tube structure.

The first source of error information is used for direct correction of low order wavefront distortion terms acting on
the elastic modes of Ml and on the alignement of M2. Focus is actively corrected (with M2) using the SH camera
and the reference provided by the scientific instrument and/or tube temperature readings. Tilt is corrected by the
telescope drive system (autoguider) for the part concerning long term drift, and directly by M3 tilting for the moderate
high frequency part. Error information is obtained in the latter case from the two guiding cameras and the elevation
encoder.

In order to simplify the handling of this amount of information (data, commands, telemetry) and of computations
and controls (motors, load cells, encoders), it was decided to use a network of Transputers, to provide embedded
hardware and firmware for high level fast communication. Each node of the network will be able to perform data-
communication and device-control operations.

More details on the current status of the active optics system are given in an accompanying paper.9
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Fig. 2. The telescope fully mounted in the Ansaldo workshop in Milano, ready for mechanical tests (March 1994).
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4. TELESCOPE STRUCTURE

The structure of the telescope has been modified with respect to the NTT in order to provide greater flexibilRy
of operation. Although its main use is foreseen at the Nasmyth f/li foci, in case of future developments other
configurations can be added, in particular a trapped pseudo-Cassegrain focus f/6 (at the M3 location) and a prime
focus with corrector. To this end, the tube structure has been straightened (the vertical struts of the NTT are slightly
tapered), and the top ring enlarged to an external diameter of 5100 mm. This extra diameter also enables the M3 unit
to be extracted from the tube using the crane on the dome. The regular M2 unit on the upper ring can be replaced
either with a prime focus unit or with a different M2 unit. Should the scientific use in thermal IR become desirable, a
true Cassegrain position (though oflimited height below the mirror cell) could actually be reached removing M3 and
replacing the M2 unit with a dedicated one.

Due to these requirements of flexibility, the M2 and M3 supporting units were completely redesigned, abandoning
the circular symmetry in favor of a more boxy aspect. The advantage is not only of weight saving, but also of easier
storage in the building when changing to other configurations. Particular care was taken in the definition of reference
points to insure quick repositioning of the units. Even the cabling connectors were selected for remote operation. This
modification of shape implied a reduction of the angle between the spiders, from the 'canonical' value of 900 to 600;
the implications for the diffraction figure have shown to be negligible.

In the second half of 1992, all large pieces of the telescope (fork, base plate, central section, etc.) were transported
to the Ansaldo workshop in Milano for integration. To date, this activity has been carried out without encountering
major problems. We expect its completion by the end of April 1994; afterwards the telescope will be at our disposal
to carry out our own tests. Fig.2 shows the telescope completely mounted (December 1993).

5. DRIVE SYSTEM

The TNG rotates in azimuth on hydrostatic supports, as the NTT. The drive system uses brushless dc torque motors
connected to the axes with a mechanical reduction ratio of 1:17 (azimuth) and 1:16 (elevation). Each axis incorporates
four motor groups installed in a symmetrical configuration, in order to eliminate the mechanical backlash produced
by the coupling of the motors to the final wheels. The brushless motors are produced by Sierracin-Magnedyne, USA.
The stator is the only possible source of heat losses. An automatic servo-system limits the maximum difference of
temperature between the surfaces of the motors and the ambient air to 0.5°C, by regulating the flow of a cooling fluid.

The encoders on azimuth and elevation (produced by Heidenhain, Germany) are characterized by high resolution
(28 bits) and low software-compensated errors. The glass disk is the same used for the NTT, but the interpolator is
realized on a new design. The interpolation factor is 4096 and the access time to corrected data is 0.5 msec. The
resolution value for tracking performances is 0.00965 arcsec, which permits the system to reach a 1.5 Hz bandwidth
for the space loop. The speed loop is closed by means of high sensitivity tachometers (20V/rad x sec).This value is
sufficient for a 30 Hz speed loop bandwidth even at the very low velocity of the elevation axis.

There are two main laws for encoder error compensation: the first is automatically obtained by the presence of
the four reading heads installed on the disk. It gives the system a first order error compensation for the glass disk
non-planarity and eccentricity; the second is given by the look-up tables written by Heidenhain while testing the
glass disks. These look-up tables are read by the pointing and tracking software. The motor drive takes into account
another look-up table, written to compensate the torque ripple, specified for each axis to be less than 1% of the torque
rate. The rotor position is derived from a high resolution resolver also used for the phase commutation section.

To close the speed loop on the axes of the two derotator units at the Nasmyth foci, two encoders, of the same type
used for azimuth and elevation, give the system information about speed and position. The drive system, like the
other controls, is run by a VME unit which closes the position loop for azimuth, elevation and derotation axes. O I I

6. CONTROL SYSTEM

The control system of the TNG is based on a distributed concept, so that the several telescope subsystems and even
instruments are essentially independent, both from the point of view of hardware and of software. This is obtained
through a fully modular design, where each application is handled by one or more tasks, all communicating through
a network.

This solution is largely dependent on the functionality of the communication network, which has to supply het-
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erogeneous operations. Among these, one can identify at least the following: a) scientific data, b) commands, c)
telemetry, d) alarms, e) syncronisation.

The provisional choice for the LAN is a high bandwidth FDDI backbone, with ETHERNET or full FDDI connec
tions (depending on the available hardware) to single VMEs; the backbone will run from the annex building up to the
telescope observig floor with a double ring of fiber optics.

A dedicated point-to-point communication net will be implemented for time synchronisation with a precision of
microseconds. This dedicated net, based on field-bus technology, will be handled by the telescope Time Server, a VME
computer with a GPS satellite receiver. An overall scheme is presented in Fig.3.

Fig. 3. Control System of the TNG. Three parts constitute the general control system, namely the optical cluster,
the motion cluster and the instruments cluster. There are five major links to the control network: the Ethernet bus,

the optical link, the synchronization link, the control bus for intrumentation and the FDDI link. This last is the
back-bone connecting the part resident in the rotating building with the control units and the workstations in the

annex building.

The telescope control system is neatly divided into two environments: I) the VME environment, which directly
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controls the telescope and all attached devices; 2) the workstation environment, which provides the user interface.

6.1. The VME environment

Each VME is dedicated to a specific function, to correlate similar operations and to guarantee stable communi-
cations between VMEs. The control software requirements derive from the original constraints of modularity and
distributed architecture. The operating system must be: real time, to allow fast process swapping in the CPU; multi-
tasking, to allow the concurrency of various processes; multi-processing, to allow the possibility to handle more CPU
boards on the same rack. Finally, it must follow the standards for communication among computers within the LAN.

The same general criteria have been used also for the control software: it is a modular system, where a master
process initializes the environment and monitors and handles communications and synchronisation among the pool
of tasks composing the environment. Programs are designed in a modular way, separating command receiving and
handling, data exchange, system monitoring, device driving, and dedicating one or more tasks for each job. In this
way, concurrency among processes can be guaranteed both at a hardware level, with processes running on different
CPUs, and at a software level, under the control of the real-time, mu1titasking operating system on each VME.
Should process synchronisation be crucial in a single VME, more CPU boards can be added in a single YME. The
main process, allowing initialisation of the environment and coordination among the poll of tasks composing the overall
ambience, is called GATE.12

Each VME opens 3 communication channels with the workstations: to receive commands, to send telemetry and
to transmit scientific data. To guarantee the connection and its recovery in case of troubleshooting, a fault-tolerant
protocol was implemented together with a flexible scheme for telemetry.

6.2. The workstation environment

A first version of the Galileo Workstation System Software (WSS) has been developed for testing. The WSS is
built as a set of cooperating processes around a central Data Base (DB), where all static and dynamic data concerning
the status of the whole system are

The WSINIT process starts at the beginning of the operations, creates the DB structure and activates all other
processes. TMVER directly communicates with the distributed VME systems on the telescope, receives all telemetry
data, checks them against errors and updates the DB. WSCOMM maintains the connections with the other work-
stations on the telescope network, and with remote control workstations. WSWATCH checks the DB for consistency
between the commands sent to the VME Systems and the actions actually performed.

WSDISP, the interface between the TNG system and the users, is worth a more detailed description. Its tasks are
numerous and quite complex:
Command Interpreter: all actions of the user are parsed, interpreted, and translated into sequences of commands, and
data dispatched to final executors, either VME systems or other processes on the same or on another workstation.
Alarm Proces3or alarms are received from the TMVER process and from the VME's, and displayed in special windows,
ready to be acknowledged by the user. After the acknowledgment, the text of the alarm is stored in a log pad and in
a log file.
Status Display: upon request of the user, sets of DB data can be displayed on the workstation screen.
User Interface: an interactive user interface is present, organized in two distinct levels: the off-line level allows the
system developer to define interactively the interface between the TNG and any of the subsystems working on it,
through the use of context sensitive editors; the on-line level allows both the standard telescope and instrument
operations to be performed, making use of the definitions laid down during the off-line phase.

7. SITE

La Palma is one of the best sites for optical astronomy. One of its most attractive astronomical characteristics is
the high fraction of clear nights, with more then 50% of photometric nights and about 75% available for spectroscopy.

The site selected for the TNG after careful considerations of atmospheric quality, distance from other buildings,
and archaeological constraints, is about 400 m West of the Nordic Optical Telescope (NOT), at a level of 2360 m, in a
relatively smooth area, upwind with respect to the NW and NE dominant winds. At the NOT the seeing is known to
be good. The uniformity of the local conditions, deduced from the microthermal data of the JOSO-LEST campaign
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and from tests carried out for the installation of the NOT, should give good seeing conditions also at the location of
the Galileo telescope.

In order to test these expectations, and to obtain a better characterization of the site, a Differential Imager Motion
Monitor (DIMM) was installed in the second half of 1993 in a dedicated tower some 100 m to the West of the foreseen
dome location.'1 First data are very encouraging, indicating a seeing around O".5.

Geological tests carried out by the Danish firm Carl Bro, confirmed the possibility for the ground to sustain the
concentrated load of the telescope (over 140 tons) on the pillar; the ground subsurface consists of alternating layers
of basalt blocks and very dense tuff. The telescope pier (in reinforced concrete, and decoupled from the surrounding
building) shall be placed on a circular plate foundation, directly connected to the first basalt layer, at a relatively
shallow depth below surface (.'2.5 m). Its height above ground is of 9.6 m. This is a compromise between the desire
to be above the first air layers disturbed by ground thermal variations and above the height of the southern horizon,
and the cost and landscape constraints imposed by civil authorities.

Measurements of background and induced vibrations, performed by the same Carl Bro, reveal levels in the vertical,
horizontal NS and horizontal EW directions very nearly of the same strength, and very low: less than 5• 1O_6 g, in
the broad frequency range 0.063 to 100 Hz. When a car is passing by the site, there is a detectable increase in the
level of vibrations (approximately +4 dB), mostly in the frequency range 10-30 Hz. Therefore a control of the night
traffic is desirable. It was also concluded, as order of magnitude, that a wind speed of 10 rn/s will cause a foundation
displacement of the same value of the micro-seismic activity.

Excavation works on the site began in October 1993 (see Fig.4).
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8. BUILDING AND SERVICES

The TNG will be housed in a building which has been designed retaining several solutions of the NTT, hi
with significant differences imposed both by the different environment and by the different scientific and operational
requirements. The rotating part is very similar: sandwich panels, covered with metallic surfaces on both sides, flame
resistant and with low heat transmission coefficient, fill a steel skeleton ofoctagonal shape, which rotates over a bearing
9200 mm in diameter.

The requirement to exchange upper ends implied an increase of approximately 1 m in the height of the two slit
shutters; the slope to the roof has also been augmented with respect to NTT, to improve impermeabilisation in the
more severe winter climate. As a consequence of the already mentioned higher elevation axis, also the pier, and the
bearing on which the building rotates, had to be increased in diameter.

The central pier is a hollow reinforced concrete cylinder 9.6 m high ('s5 m more than NTT), 6.5 m in diameter,
inside which a room has been obtained for spectrographic purposes. Light will reach this central room at the ground
level via optical fibers from the Nasmyth foci. The area at ground level between the external wall and the central pier
will be used for equipment storage, to park a truck, and to deposit the M2 and M3 units. An aluminizing chamber is
not foreseen, having been agreed to use the UK plant.

A southward bridge connects the observing floor level to the existing road via a large door in two sliding sections.
The bridge will be used during construction to bring the large pieces inside, and subsequently to carry Ml in and out
with the truck, for aluminizing operations. The bridge can also be used as a convenient viewing platform for visitors.

Air flow in the telescope area will be controlled, as in NTT, by a mobile windscreen in front, and by five tiltable
flaps (opening angles between 0 and 90 degrees) installed in the rear wall of the dome. In addition, the large door to
the bridge can be opened to increase the flush of air. The operation of wind screen, flaps and door will be governed by
the readings of the several temperature sensors distributed in the telescope area, and if proven desirable by experience,
of data coming from the external DIMM and meteo tower.

Electric power and signal cables and fibers are distributed in the rotating building through a cable wrap chain
located in the base ring. This unit, designed to allow installation of additional lines in the future, permits a relative
rotation of between the fixed and the mobile parts of the building.

8.1. Air conditioning

Great care has been taken in controlling the temperature of the several environments through proper air condi-
tioning. The air conditioning system must maintain the temperature of all telescope and innner dome surfaces and of
both Nasmyth rooms very close to that expected during night-time. Sixteen temperature sensors monitor the various
zones under the control of a central supervisor located in the annex building. Four air handling units placed on the
observing floor suck air from the top through grilled ducts with a calibrated flap closure, then treat and distribute it
from the bottom, mixing it in the double floor with air coming directly from the outside.

This solution keeps the necessary overpressure and dehumidification, ensuring a stable temperature gradient, with
cooler air in the lower parts, thus preventing upward convections. As a further measure, air will be sucked from the
space between the central pier and the wall sustaining the rotating dome, and exausted outside via a short tunnel on
the NE side of the building.

Glycole-producing units (chillers) will be placed about 100 m from the building, on the SW side, at the road
entrance. The refrigerated liquid, distributed to all units dissipating significative amounts of heat (e.g. the oil of the
azimuth bearing, motors, instruments), carry back this heat to a ventilation unit placed above the chiller itself. The
temperature of the liquid, with a minimum operating value of —8°C, will track the external temperature.

The chilled water/glycole in/out lines are carried to the rotating part of the building by a joint located inside the
central pillar, on the roof of the room directly below the base of the telescope.

8.2. Power System

The design of the power system takes into account requirements of high reliability, the radial type of the electric
power distribution in La Palma (with high risk of fault), the lightning problem and the high resistivity value of the
ground due to the presence of basalt. Its main requirements are:
— continuity of the power supply for the telescope, for the auxiliary devices and for all necessary facilities: motor
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drives, rotating dome, hydrostatic bearing system, control rooms and distributed controls (WS, VME crates etc.),
scientific instrumentation;
— operating flexibility to reduce the MTTR (Mean Time To Repair) and MTBF (Mean Time Between Failures).

To supply power to the rotating building a cable chain will be used. The grounding system design has been strongly
conditioned by the high resistivity value of the prevailing rock (about 3000 ohm/m for basalt). It will be realized by
means of about 50 dispersors 3 m long, distributed in a large area. The resulting grounding equivalent resistance is
lower than 20 ohm in accordance to the local electrical safety rules.15

8.3. Annex building

The service building, located on the southern side of the dome in order to be downwind, is a one-storied structure
communicating with the rotating building via an elevator and stairs. It contains the observers control room, the main
transformer, the auxiliary power generator, electronics and optical laboratories, a workshop, a technical office, and a
small emergency kitchen. The roof is covered with material extracted from the ground in order to minimize thermal
dishomogeneities. A water tank is buried underground.

The major difference with the NTT service building is therefore the location of the control room, removed from
the rotating part in the annex building.

9. SCIENTIFIC INSTRUMENTATION

Regarding instrumentation, a Call for Proposal was issued by CRA at the end of 1992. A first plan for its
implementation was subsequently expounded.'6

Although instruments are developed outside the TNG Project Office, a strict coordination is maintained under the
supervision of F.Fusi-Pecci (Observatory of Bologna). The first interface document between telescope and instruments
has been issued at the end of January 1993. The basic characteristics of the two rotator/adaptors for the Nasmyth
foci17 are similar to those of the NTT; an important difference is the possibility of having the Shack-Hartmann device
continuously on line with the observations. Actually the SH camera can be used also for guiding, due to the addition
of a slit carrying 3 possible optical configurations, namely a beam compressor with 10 x 10 lenslets, one with 25 x 25
lenslets, and finally an objective for guiding. Two filter wheels, and a second reference unit, were also added. Fig.5
gives a view of the internal arrangement of the R/A.

Plans for instrumentation include 5 main items: an optical imager (OIG), an imager and low resolution spectrograph
for the near JR on Nasmyth focus no. 1 , a low resolution optical spectrograph, with atmospheric corrector dispersor
and a fiber feed to a high resolution spectrograph (SARG) on Nasmyth focus no.2. A common adaptive optics module
is foreseen for the imagers. The expected time-scales for completion of the instruments vary from early 1996 (OIG)
to late 1998 (SARG), assuming full funding.

The OIG, which is expected to be operating at first light, is based on a 2048 x 2048 CCD, with a pixel size of
15 11 (0.08 arcsec). The use of a mosaic 2 x 2 is also foreseen to cover a wider field. The instrument will operate on a
wavelength range of 0.32-1.1 , using broad- and narrow-band filters. The chips have already been produced by Loral,
with encouraging yield and quality.8

The design of the JR instrument takes into account the continuing improvements in the field of JR detectors)8
Optics are planned in a modular way, allowing changes to be made at an advanced stage. Jn particular, the possibility
is foreseen that 1024 x 1024 pixel detectors will become available in the near future. Modularity is also required in
order to provide at least two different spatial scales, 0.05 and 0.25 arcsec/pix. The instrument will cover the 0.9-2.5 t
range, and will allow grism spectroscopy at a resolution of about 1000.

The low resolution spectrograph (LDS) is planned as a single arm focal reducer EFOSC-type, for higher efficiency
both in the blue and red ranges of the optical spectrum, with two wheels carrying grisms and filters. A mechanical
unit is planned to allow multi-slit (up to 20) observations in the 10' x 10' field. Moreover, an echelle mode and a
polarimetric facility for faint objects are included.

The high resolution spectrograph (SARG) shares the same focus as the LDS: a rotating wheel carrying vtrioiis
fiber ends, may be fed by inserting a folding fiat in front of the focal plane. Different observational modes are foreseen,
including single-object and long-slit over a field of 30". The spectrograph's basic design is a double-anti Echelle with
a white pupil collimator and prismatic cross-disperser; two cameras yield resolution in the range R =25,000-200,000
(Bowen—Walraven image slicers will be used for resolution R � 200, 000. The spectrograph will be placed in the ground
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level room inside the central pillar; the fiber bundle will reach this position passing through the central hole of the
rotating joint of the azimuth bearing. A more detailed description of SARG is given in a separate poster paper. "It
has been required that operation of all instruments be possible in remote mode.

Fig. 5. Internal arrangement of the rotator/adaptor. The major difference with respect to NTT can be seen on the
right where three objectives can move on the folded light beam from one of the two probe channels. From right (the
shorter objective) to left one can introduce on the optical path a simple objective for tracking purposes, a 10 x 10 SH
camera, for fast and on-line wavefront sensing and a 25 x 25 SH camera for high precision Active Optics operations.

10. CONCLUSIONS

The Spanish Parliament extended to Italy, in October 1992, the rights of the International Agreement of Coop-
eration in Astrophysics. Diplomatic activity was concluded in early 1993 with the signature by the President of the
Italian Republic of the so called 'instrument' by which Italy is now a member of the international Consortium for the
scientific exploitation of the Roque. Soon afterwards, a detailed agreement of operation was signed, so that the TNG
became a full user of the facilities.

If the work will proceed at the present pace and level of funding, there is good hope to complete erection activities
by the end of 1995, and start the scientific verification of the telescope in early 1996.
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