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ABSTRACT

We describe the specifications and design of a 1-5 yum camera (IRC-UNSW) being built at the School of
Physics, University of New South Wales, for use on the 4-m Anglo-Australian Telescope (AAT) and the 2.3-m
telescope of the Australian National University. The camera design uses three off-axis mirrors, allowing it to
correct the off-axis aberrations in the telescopes themselves, and to obtain images with FWHM blur circles
of 10 um over a wide field-of-view (4.5x4.5 arcmin on the AAT, 5.8x5.8 on the 2.3-m). The camera accepts
a collimated beam and can be used with an external Fabry-Perot etalon. We have fully characterised the
performance of the camera with respect to misalignment and manufacturing errors. A thermal model has allowed
us to calculate cool-down times, cryogen usage, and distortion due to small temperature differences in the optical
system.
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1 INTRODUCTION

Our goal is to build a camera that can acquire near-infrared images of astronomical objects at spectral resolving
powers of up to 3000 or greater over a wide field. This dictated the use of a Fabry-Perot etalon with a large clear
aperture placed in a collimated beam. While it is not strictly necessary for the etalon to be in a collimated beam,
it allows the highest possible spectral resolution to be achieved. This set the basic parameters of the camera.

We designed IRC-UNSW to use all-reflective optics. The advantages of such a system—fewer ghost reflec-
tions, higher transmission, and no chromatic aberration—are well known. By using three off-axis mirrors we
have been able to control the aberrations over a wide field and arrive at a satisfactory design that meets all our
requirements.

It became clear early in the design process that the aberrations of the telescope itself could not be ignored.
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Although the AAT is a Ritchey-Chretien design with a nominal field diameter of 40 arcminutes, the telescope
is only coma-free when the f/8 top-end is used.! This top-end is unsuitable for infrared astronomy because of
the obscuration of the large secondary mirror. When the telescope is used with the /15 infrared secondary the
Ritchey-Chretien criterion is not satisfied, and there is significant coma a couple of arcminutes off-axis. We
therefore optimised the design with all the telescope optics included. The original design? was done for the AAT
alone, however we have since been able to produce a single design that is compatible with both the AAT and
2.3-m telescopes simply by moving the collimator mirror. The FWHM blur circle on the 2.3-m is 30 um.

This paper reports a detailed description of the opto-mechanical design of the camera. A brief description of
the configuration and performance of the camera imaging system (section 2) will be followed by a discussion
of the sensitivity of the system to misalignment and manufacture errors (section 3). In section 4 we present
the detailed drawings of the optical structure, in section 5 the thermal analysis, and in section 6 describe the
Fabry-Perot etalon.

The camera is currently being constructed in the workshops of the School of Physics, UNSW, with a contract
for the optics being let in July 1995. The Fabry-Perot was delivered in early 1995 and is being commissioned
with the IRIS camera® on the AAT.

2 OPTICAL CONFIGURATION AND PERFORMANCE

2.1 General description

The purpose of the optics in a near-infrared astronomical camera is to (a) reduce the image scale of the
telescope to match available detector arrays, and (b) baffle the detector from unwanted internal and external
infrared radiation.

Figure 1 shows the optical layout of our camera design. The convergent beam (f/15 for the AAT, £/18 for the
2.3-m) from the telescope forms an image at the focal plane, as shown at the top of the Figure. Due to space
limitations it is necessary to introduce a flat mirror to fold the optical path before it strikes the spherical collimating
mirror. The collimator images the telescope’s pupil (the secondary mirror for Cassegrain configurations) at a
stop within the camera in order to eliminate stray infrared radiation. The Fabry-Perot etalon is placed as close as
possible to this stop, thereby minimizing its required diameter (70 mm in this design).

After passing though the Fabry-Perot, the beam strikes a calcium fluoride entrance window before entering
the evacuated space containing the off-axis three-mirror imaging system, as shown in the bottom of Figure 1.
The mirrors produce a re-imaged focal plane on the detector array with a final focal ratio of f/3.5. A flat mirror
is used to fold the optical axis for convenience prior to passing through one of several 1% filters used to remove
unwanted orders transmitted by the Fabry-Perot. After the Fabry-Perot and entrance window, all the optical
components are cooled to 77 K with liquid nitrogen to reduce thermal emission.

Figure 2 is an exploded view of the optics box.
2.2 Design optimization

Due to the asymmetry of the off-axis mirror system, the distribution of its image quality over the whole
field of view is quite different from a symmetrical system.*® The traditional method of optimization using the
meridian plane is not adequate. We chose a grid of 9 points on the image plane, and minimized the sum of the
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