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ABSTRACT

The Antarctic Fiber-Optic Spectrometer (AFOS) is a 30cm Newtonian optical telescope that injects light through
six 30m long optical fibers onto a 240—850nm spectrograph with a 1024 x 256 pixel CCD camera. The telescope
is mounted on a dual telescope altitude-azimuth mount and has been designed to measure the transperency of
the atmosphere above the South Pole for astronomy in the UV and visible wavelength regions. The instrument
has observed a series of bright O and B stars during the austral winters of 2002 and 2003 to probe the UV cutoff
wavelength, the auroral intensity and water vapour content in the atmosphere above the plateau.

AFOS is the first completely automated optical telescope on the Antarctic Plateau. This paper reports on
the results of the past two austral winters of remote observing with the telescope as well as the technical and
software modifications required to improve the quality and automation of the observations. The atmospheric
absorption bands in the 660—900nm regions of the spectra have been fitted with MODTRAN atmospheric models
and used to calculate the precipitable water vapour above the South Pole. These data are then compared to
those collected concurrently by radiosonde and by a 350um submillimeter tipper at South Pole.
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1. INTRODUCTION

Antarctic instrumentation poses two sets of challenges to the designers and observers. It requires specialised
design for the extreme cold-temperatures that are otherwise only experienced by space-based instruments. In
addition to working at temperatures averaging —60°C during the winter, Antarctic instruments must either
prevent or withstand the formation of ice on apertures, windows and moving parts. Finally these instruments
must be well-tested so that they require minimum maintenance during the austral winter.

The AFOS, as seen in Figure 1, is a pioneering telescope in this area. A number of sites on the high antarctic
plateau promise excellent observing conditions but do not have the necessary infrastructure to support habitation
for any extended length of time. Low-maintenance, low-power instrumentation which requires little or no manual
intervention for extended periods is essential for such sites. Achieving successful operation of such a telescope
also demonstrates the feasibility of Antarctic sites for large-scale telescope projects.

The AFOS was deployed to Amundsen-Scott base on a dual-telescope alt-az mount. A data set of spectra
were collected of the June 2000 total lunar eclipse. The winter observing seasons of 2002 and 2003 allowed
extensive testing of the mechanical systems, while the mechanical flexure and pointing accuracy of the mount
and tower were characterised to optimise the pointing for automated observations.
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Figure 1. The AFOS telescope (on the right) installed on the G-mount, January 2002.

2. INSTRUMENT DESCRIPTION

2.1. Telescope construction

The design and construction of the AFOS are detailed in Boccas et.al.! A Newtonian optics system was chosen
to minimise complexity. Invar 36, with an expansion coefficient of & = 0.9 x 107K !, was used in the construc-
tion of all the mechanical parts, while the primary parabolic mirror was formed from Astrosittal, a low thermal
expansion glass (o = 3.2 x 1076K~1). These selected materials provide sufficient athermalisation for the AFOS
to require no mechanical adjustments for aligning mirrors or focussing at both potential test sites in Australia
and also in the sub —80°C Antarctic winter.

The primary mirror has a diameter of 318mm while the secondary is an elliptical flat mirror with a major axis
of 108mm. Both were given UV-enhanced coatings of AIMgFs to yield an 85% reflectivity from 300 to 850nm.
The primary has a focal ratio of £/3.35 which is focussed into an Invar injection module. A dichroic beam splitter
(R > 50% from 300-550nm, and T > 50% from 550-850nm), directs the light into two fibre bundles, one optimised
in the red and the other in the blue region of the spectrum to maximise the performance of the fibres across the
range of the visible wavelength band. This beamsplitter also performs the order-sorting for the grating spectrome-
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