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Abstract

A synopsis of a paper describing the ODI field corrector for the WIYN telescope is presented. First an introduction to the concepts behind telescope field correctors and atmospheric dispersion correctors is presented. This helps to explain the design of the WIYN ODI field corrector. Finally, the expected performance of the ODI corrector is summarized. 

I. Introduction

Wide field-of-view imaging for astronomical telescopes has become important for modern astronomy. Several key investigations benefit from wide field-of-view imaging. These include multi-object spectroscopy, studies of galaxy clusters, weak-lensing studies, the search for dark matter, and cosmological studies of Type Ia supernovae, to name a few. Additionally, many of these observations require very good images over a substantial (1 degree of more) field of view. These requirements have stimulated the development of telescope field corrector optics that can improve the image quality of telescopes and produce a larger usable field of view. 

The WIYN telescope (Wisconsin, Indiana, Yale, NOAO) is a 3.5-meter Ritchey-Chretien telescope at Kitt Peak Observatory in Arizona (Johns, 1994). A wide-field camera called ODI (One Degree Imager) is currently being developed for it. ODI will be located at the Nasmyth focus, and as such, differs somewhat from more traditional wide field correctors that typically are at prime focus. The location at Nasmyth focus is more suggestive of a focal reducer, but the zero power corrector for ODI means that its optical design has much more in common with prime focus correctors. The advantage that ODI has over prime-focus correctors is that the secondary mirror forms another optical surface with which to correct aberrations. This means the ODI corrector should be able to produce very good images without significantly more optical elements as compared to prime focus correctors. The optical requirements for the corrector for ODI are for a PSF FWHM of less than 12 microns over the 1 x 1 degree square field of view over the wavelength range of 300 – 1000 nm.

II. Overview of Telescope Field Correctors

During the design of the 200-inch Hale telescope at Palomar Observatory, the desire arose to use the telescope at prime focus, thereby affording a fast (f/3.33) optical system (Ross, 1935). Ordinarily, the coma of the telescope’s parabolic mirror would restrict the field of view over which good images could be obtained. However, Frank E. Ross suggested that if corrective optics could be added, the coma could be reduced. Ross found that this could be done. Further, corrective lenses could be placed close to focus, which means the lenses could be small. This means they are also easy to fabricate and are affordable. Ross found that 2 lenses, one of positive power, one of negative power, could substantially cancel coma. The sum of powers could be zero, therefore zero overall power and no significant change in focal length. The coma could be reduced but other aberrations such as spherical aberration, astigmatism, chromatic aberration and distortion remained, the exact values and severity of each of these, depending on the actual design. Ross showed there were non-unique arrangements of two lens correctors, so many variations on optical glass, power, etc are possible. There is not a unique Ross corrector.

Following Ross’s pioneering work, C.G. Wynne greatly expounded upon the subject of field correctors, and developed an improved 3-lens corrector that now bears his name (Wynne, 1974). Wynne’s corrector is different from Ross’s corrector because it contains three spherical lenses with alternating (positive-negative-positive) power. Wynne showed that with such a three-lens arrangement it was possible to correct for chromatic aberration, field curvature, as well as spherical aberration, coma, and astigmatism. Again, the amount that each of these is corrected depends on the actual design, and tradeoffs can be made. Wynne’s 3-lens corrector was implemented on several large telescopes and was able to deliver 0.5 arcsec images over a field of view approaching 1 degree. 

Wynne also showed the importance of correcting for atmospheric dispersion (Wynne 1984). Over wide fields of view, atmospheric refraction is different in different parts of the field and this difference can significantly affect image quality. Figure 1 shows the angular deviation of astronomical objects due to atmospheric refraction versus zenith angle. 

The classic design of an atmospheric dispersion corrector (ADC) is 2 sets of doublet wedge prisms. The doublet arrangement compensates for the chromatic dispersion induced by the prisms, while having two sets allows them to be rotated relative to each other to change the field angle along which atmospheric dispersion is compensated. Wynne and others have developed more complex ADCs. ADCs are active devices, they have to be rotated as the telescope tracks and set to the right angle for the zenith distance of the telescope.

Many prime focus correctors are essentially Wynne correctors with ADC’s. These include Subaru’s Suprime-Cam (Miyazaki, et. al., 2002), the Palomar 200-inch Prime Focus Camera, and the prime focus corrector for the Kitt Peak 4-Meter Telescope.

Figure 1 

A plot of atmospheric refraction (R in arcsec) versus zenith distance (Z degrees)

(Adapted from Walker 1987)
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III. Synopsis of the WIYN Paper

The WIYN ODI corrector is 3-lens Wynne-type corrector explicitly derived from a Harmer-Wynne design originally developed for a 1-meter telescope to provide a 1.5-degree field-of-view. The ODI camera is a large CCD focal plane array located at Nasmyth focus. This is more stable than prime focus and has constant gravity loading. But field rotation is issue. The corrector lens elements consist of 2 positive and 1 negative lens in the progression positive-negative-positive in the direction of propagation of the light. All the lenses are spherical. They are made of fused silica for enhanced transmission in the blue. The final lens also serves as the dewar window for the ODI CCD array. As such this lens must withstand the huge pressure and temperature differential between the cryogenic vacuum of the inside of the dewar and the room temperature, 1 atmosphere environment outside the dewar. The design provides very good images over the full 1.4 degree field of view, and, more remarkably, over a large range of wavelengths from 320 nm to 1000 nm. The design leaves some residual field distortion at the extreme edges. The spot diagrams indicate that for all colors the 80% encircled energy diameters are between 0.12 and 0.19 arcseconds. Note, typical seeing at the telescope’s site is about 1 arcsecond. The largest PSF FWHM occurs at the edges of the field of view and even here are only about 0.24 arcseconds. The corrector design makes provisions for inserting photometric filters into the optical path between the 2nd and 3rd lenses. The atmospheric dispersion corrector is made of prisms of fused silica and LLF6 glass. A unique feature of the design is that the ADC is removable. For, imaging in the blue to UV, the absorption of the ADC would be unacceptable and so it can be replaced with a plane parallel plate of fused silica. This “dummy” ADC preserves the optical design but provides no atmospheric dispersion compensation. 

Overall, the design is straightforward and non-exotic, utilizing all-spherical lenses and standard glass types, yet produces phenomenal performance over a wide field of view and a wide wavelength range.
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