Telescope Image Brightness 

Note that you can find some basic formulas on telescope performance by referencing my telescope equations paper.  

For deep-sky imaging – when you’re looking for galaxies and nebulae, the brightness of your telescope image makes all the difference in what you can see.  What I will show you in this paper is how to figure out how well a telescope will perform when looking at deep sky objects.   

Brightness of a distributed object, like a planet or a nebula, depends on the magnification you are using in your telescope.  As the magnification of a telescope increases, the light that was collected is spread over a larger area and the surface brightness of the object you see (as it gets bigger) drops.  Since the area goes as the radius of the object squared, the brightness drops as the magnification squared.  Conversely as you reduce the magnification the image gets brighter.  This effect is easy to see, almost disturbing, in a telescope with a zoom eyepiece.  

The key to understanding telescope image brightness is to recognize that the brightest image of a distributed surface object (not stars) happens at the minimum magnification, the one at which the size of the exit pupil is equal to the size of the eye pupil of the observer.  

The “exit pupil” is the pencil of light coming out of the eyepiece, and its size is equal to the diameter of the objective divided by the magnification of the scope.  

As the magnification gets smaller, the exit pupil gets larger, and if it gets bigger than the pupil of your eye, you start losing light and the smaller image ends up getting no brighter.  So the brightness of the object at the minimum magnification can be treated as the reference point.  Interestingly, this brightness is the same as the brightness (per unit area) that is seen by the naked eye (but it is over a bigger area, so it is in fact more light).  

The minimum magnification is easy to figure, as the ratio of the objective diameter, Do , (in mm, as are all dimensions here) to the max diameter of the exit pupil, which for a young, healthy observer is 7 mm.  So, 



[image: image1.wmf]7

D

M

o

min

=


The focal length of the eyepiece, fe-max , to get that minimum mag is found from 
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, so 
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, and since the f-ratio, fR , of the scope is 
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 , then  


fe-max = 7(fR  

Then as magnification increases from this minimum (by changing the eyepiece), the surface brightness of objects decreases as the square of the change, which is 
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, and since we just established that 7fR is fe-max , then this ratio is just fe / fe-max , and so the surface brightness of objects, SB, relative to the maximum you can get to, is 
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Some other interesting observations to be made from these relationships:  

The light grasp G of the telescope is the gain in star brightness of the telescope over your eye, and is the objective diameter over the eye pupil diameter, squared:  
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For the surface brightness of the telescope to the surface brightness of the eye, which we figured above as SB, we can also find it as 
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, the light grasp reduced by magnification squared.  This is the form commonly given in texts, and you can note that this is equivalent to the equation given above.  The form we will work with here is 
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where 7 is taken to be the value for eye pupil diameter.  Then for two telescopes, the surface brightness of the second telescope to the first one is 
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and from the highlighted terms in this equation come a couple of key observations on comparative performance of telescopes:  

· for the same magnification, surface brightness of an object goes up as the square of the objective diameter 

· for the same eyepiece, surface brightness goes up as the inverse square of the f-ratio – so a low f-ratio gives you a “fast” (meaning bright) telescope.   

...all assuming that you are at or above minimum magnification.  

So, now, consider some examples to see how these things can be useful:  

My ETX is a 90mm diameter, 1250mm focal length (therefore f/13.9) scope.  

· then the minimum magnification is 90(7 = 12.8 ( 13 

· the eyepiece required to get that magnification is 7(13.9 = 97mm – which you won’t find, and for that matter don’t want because 13x is about what your binoculars are doing.  So you are never working at that level.  

· the actual SB value for this scope operating (as usual) with a 25mm eyepiece (M = 1250/25 = 50) is [fe÷fe-max]²=[25(97]² = 7%  (!!!!).  

For comparison let’s look at what an 18” (450mm) f/5 Dobsonian will do:  

· Mmin = 450(7 = 64x which is a nice magnfication at which to operate, especially for deep sky observation.  

· fe-max = 7(5 = 35mm, where 32mm is a pretty common size eyepiece, so this is perfectly achievable.  

· SB = [32(35]2 = 84%, 12 times as bright as my ETX, and virtually at the theoretical limit of brightness.  See?  It’s a large diameter (brightness goes as Do2), fast f-ratio (brightness goes as f-ratio squared) scope.  

...so this looks like the ideal scope for deep sky imaging.  

Let’s say I don’t want to lug around an 18”, so instead I want to use a 12” (300mm) f/5 Dobsonian:  

· Mmin = 300(7 = 43x which is not bad, but I will probably also want an option to go with about 60x too.  

· fe-max = 7(5 = 35mm, same as above because it really only depends on the f-Ratio, which I haven’t changed.  So again I would use a 32mm, but I also might go to a 26mm for a higher M (fR(Do(fe = 1500/26 = 58).  

· SB = same as the 18” but at 43x, so the image is smaller.  

· That may not be a bad thing if I’m trying to see an extended image.  With an apparent field in the eyepiece of 52(, the field of view of the telescope at 43x is 1.2(, and that might be what I want.  

· If I want equivalent magnification to the 18”, though, I go from the 32mm to the 26mm eyepiece, and now I get SB = [26(35]2 = 55%, almost half of what I was getting from the 18” for similar magnification.  

· Note that this is in line with our observations above, that at the same magnification my brightness goes as the square of the objective diameter, so [12(18]2 = 44% (the difference is due to magnification differences 64x vs. 58x owing to the need to select existing eyepiece values).  

Obviously, another major selection criterion is going to be the resolution of the scope, which goes directly with the aperture size.  Note also that star brightnesses go with the diameter of the objective regardless of f-Ratio.  So it’s easy to get aperture fever, isn’t it?  

But also notice how hard it is to get to the minimum magnification and therefore maximum brightness.  It requires a very low f-ratio scope and very long focal-length eyepieces to get there.  

This is the key equation – it allows us to find the surface brightness of objects using either magnification or eyepiece focal length 
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