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Abstract

A new spectrometer is now in the third year of agien at Davis Station in Antarctica 69.6°

S, 78.0° E. The spectrometer detector is a nigsibni CCD surveillance camera body and
light is collected by a novel duel tube periscopke instrument is described and optical,
mechanical and cost saving features of the designdeacussed in the light of current

operational requirements. Performance and contindievelopment of the instrument are

reviewed. During operation an extensive set ofrimsental housekeeping data is recorded.
Examples are presented and discussed in termseofeffiect of changes in laboratory

environment on instrument performance.
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Introduction
Due to sensitivity to laboratory
environment factors, auroral optice
spectrometers have traditionally relied
human operators to ensure corr
calibration, alignment, and assessment
atmospheric observing condition
Furthermore it has become increasin
difficult to obtain support for personnel
remote sites, such as Australian Antarc
stations. Instrument environment tas
have now been reliably automated a
satellite communications provid
essentially continuous access to t
spectrometer. This paper describes
Fabry-Perot Spectrometer designed
operate automatically at remote sites
to be monitored and re-programmed f
specific observing campaigns from
Trobe.

Figure 1; Optical components of the
Davis spectrometer (not to scale)

The new instrument offers sensitivity a
time resolution superior to the previo
generation  of  Antarctic  Aurora
Spectrometers. These capabilities w
motivated by interest in the response of

the upper atmosphere to space weather eventsgthitsularge-scale horizontal winds, tides,
gravity waves, vertical motion and temperaturedfigrurther, a well calibrated Doppler
spectrometer could make a useful contribution taitoang possible long term changes of
mesospheric temperature and dynamics.

An expanding network of SuperDARN Radars is addigur knowledge of the ionosphere
over Antarctica. Characterisation of the dynamicthe neutral atmosphere using Fabry Perot
Spectrometers will compliment our ever-expandingdar view” of the ionosphere and the
interaction between neutral and charged atmospheres
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Materials and Methods

Outline Optical Design of Spectrometer

The principle of the Fabry Perot Interferometer,ichihis used as a Spectrometer in this
application, has been described by many autholsdimg Hecht (1974), Lothian (1975) and
Vaughan, J.M. (1989).

In the new instrument at Davis a three mirror e with baffle tubes collects light from a
six-degree full-angle field of view and directs through a system of lenses and an
interference filter to an etalon with a working miieter of 130mm. Below the etalon an
objective lens forms fringes at the camera imatgnsifier.

The periscope can be directed downwards towardsopel glass calibration screen
illuminated by light from a frequency stabilized Wi laser. Calibration light travels through
the instrument passing through exactly the samiaptomponents as light from the sky.
Using a 630nm interference filter, enough lasehmtligasses through the stop band to give a
calibration image after only a few seconds expasure

Periscope
Use of a periscope allows a small beam divergendeaabaffle system to reduce stray light
from the part of the sky not in the field of view that observations can be made even under a
bright moon. A small beam divergence, approachitgecentric design, allows more rays to
be more nearly parallel to the optical axis whietpioves filtration by an interference filter.
The two mirror system used by the Mawson Institaitel developed into a three mirror
system in the new periscope, allows observatianast of the sky, including the zenith.

the arrangement of

Figure 2; showing periscope miwrs and baffle tubes

Periscopes of the previous generation of Antaf€sibry Perot Spectrometers were mounted
on the roof, in the open air and exposed to thexehds. The periscope of the new instrument
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is protected by a Perspex dome which incorporatesffte tube system used by the Mawson
Institute as well as a set of semicircular baffietgs to reduce internal reflections within the
dome as developed by Dyson and Yagi, T. (Yagi, 1283Beveridge near Melbourne (see
figure 3). Part of the mechanical design followsriidedez (private communication), who
used bevel gears successfully in the periscopenofnatrument at Mt Cook, NZ. The
arrangement of mirrors and baffle tubes is showrigare 2. Enclosures and mechanics
around the mirrors, and the baffle plates, have befé out for clarity. A small central mirror
is rotated quickly about the vertical axis to selacbheam from either of the two orbital
mirrors. Thus the instrument can quickly switch tieéd of view to a reciprocal bearing e.g.
from north to south, to facilitate measurement oppler winds. The central mirror can be
rotated away from both orbital mirrors to protegaimst haphazard danger from bright
moonlight entering the image intensifier.

Figure 3; photograph of the Davis Fabry Perot Specometer periscope on the roof of
the SAS building at Davis Station, Antarctica showig baffle, tubes and plates.

Cost saving features

The image intensified CCD surveillance video camesas at the time of buying about half
the price of similar ‘scientific’ cameras. Noise risgmance has been improved by a
refrigeration system designed and constructed inTtabe University workshops by Eric
Huwald. An old fixed-space etalon was refigurediosted and fitted with new spacers for
less than half the cost of a new fixed-space etalod about a tenth of the cost of a
piezoelectrically driven variable-space etalon.tlker savings were made by Eric Huwald
who used laser cutting in preference to machiniegpinwhenever possible.

A 150 mm diameter two element achromatic fringamiog objective lens of 1000 mm

effective focal length with a design optimised &80 nm cost about 25% of the price of a
lens of the same diameter with a shorter focal tlenghe light gathering power of the

spectrometer is inversely proportional to the fdeabth of the fringe forming lens. However,
sensitivity to fringe radius or broadening is prdjzmal to focal length.

All lenses above the etalon are singlets. Redudtiangular resolution due to aberrations is

less than the required angular resolution of treepkations. Total cost was considerably less
than that that of achromatic lenses.
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Performance and continuing development

The instrument has performed reliably during thet ilaree years and thermospheric winds
have been deduced from the data (see figure 4 peldWihe most persistent operational
problem has been occasional computer crashes.

Analysis of data raised a suspicion thafFigure 4: Results; Average winds
recorded intensities are not

directly proportional to the actual 200m/s

fringe intensities. Experiment
made during the summer of 200%-
2006 at Davis confirmed tha
there is a non-linearity. Th
intensity response was measured
using neutral density filters and
compensating algorithm  wa
developed. During the sam
summer an automatic exposure
algorithm was developed an
tested and is now successfully
setting an optimum exposure t
the sky between limits of 10 an
300 seconds for each observation.

No winds above 12000m/s averaged

Future development will b
directed towards improving th
time resolution and sky coverage Cld: 0-2

of observations. Mag: 0-500 Calculated Wind
Sol: 0-500

Tot obs:5641

HWM93 Model Wind

Housekeeping data
27 housekeeping sensors have

been installed to record light levels, temperatyegssure and relative humidity. An
electronic control box designed and built by Rolbgwtglase protects the image intensifier
from exposure to excess light independently ofcthraputer.

During the first few months of operation it becaapparent that there is a small gas leak from
the etalon chamber. Attempts were made to curdetide during the summer of 2004-2005.
Now rather than running at a pressure above atneogptihe chamber is run at slightly less
than average barometric pressure. Whilst this reslube effect of any leak on the fringe
radius it makes a tiny leak next to impossibleétedt!
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