                 Notes on Lenses for the Chiefspiegler

    The lenses for the Chief are a pair of simple plano-convex and plano-concave lenses.  These are tilted which corrects the tilt aberrations of the primary.  They can be most any crown glass such as BK7, fused quartz, K5 etc. but both lenses must be the same glass type.  Because the lenses are tilted there must be some separation between them, of course, which is kept to minimum.  This separation also means that the radius of each lens should be different to give the best axial color and makes possible Chiefs as fast as F/5 or F/6 (with tighter tolerances too) that are color free as a reflector should be.  Since the radii are different it also is the cause of a very slight amount of lateral color in the field, much less than the coma which is the predominant aberration.  Most ATMs are not used to making lenses but fortunately there are some commercial lenses that can work for some Chief designs.  Unfortunately commercial lenses don’t have a big selection of negative lenses and have essentially none over 2 inches in diameter.  This restriction limits the largest aperture to about 10 inches to still cover a ½ degree field with no vignetting.  The other restriction is that commercial lenses typically come in pairs of the same power such as +/- 500 mm focal length, +/- 400 mm, +/- 300 mm and so on.  As I mentioned above the radii of each lens should be different but they are only slightly different and so you are not going to find the ideal combination of lens radii to give perfect color with commercial lenses. However equal radius lenses can still work if the f number is kept slower than F/8 to F/10 (depending on aperture) because the color that is introduced is still smaller than the Airy disk diameter for the C,F and D wavelengths.  Interestingly if you use equi-radius lenses there is no lateral color in the field which I’m sure demonstrates some optical principle.  Coma is the main aberration in the Chief and is the fault of the parabolic primary and not the corrector lenses.   There are some advantages to using a higher F number mirror in a Chief.  The longer focal mirrors can be folded back farther than can a shorter focal length mirror.  This will mean a slightly larger secondary mirror but the advantage is that the eyepiece will be closer to the primary and the ground.  Eyepiece height is important in large aperture scopes and the Chief can have a lower eyepiece height than some f/5 Newtonians.  Take a look at Kevin Frederick’s 20 inch Chief next to his 20 inch Newtonian.  

    Plano-convex lenses are more available in larger sizes and so if you want larger lenses for a bigger scope you can buy a convex lens and make the negative lens.  It’s not much different than making a telescope mirror, I think easier.  Anti-reflective coatings are a problem but even if you leave one surface uncoated the light loss is only 4% and causes no ghost images.  I have made negative lenses from coated optical windows so that I had only one uncoated lens surface.   

     Any lens pair will work with a range of different focal length mirrors but……

The greater the primary tilt, the greater the required tilt between the lenses.

The longer the focal length mirror used with a pair of lenses, the more lens tilt is required.

      In general the longer the focal length of the lenses the tighter the spot plot will be but also longer focal length lenses mean more primary tilt which makes things worse.   So the lens choice in the design is the best compromise between these issues and only get better with higher F numbers.
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