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Amateur Telescope Making FAQs

Intro

We at the Johannesburg Centre of the Astronomical Society of Southern Africa (ASSA) repeatedly get the same Telescope Making questions.  Here we present a sample of these in Question and Answer form. Since there will always be new questions, you should consider this document to be permanently “under construction”, and revisit periodically.

Feel free to pose your questions to our ATM forum and we'll see if we can help.  Remember, we are amateurs, so there are limits to what we can answer, but we will try. Similarly, answers may not always be as swift in coming as you would like because we do have other demands on our time.

Table of Contents

1Intro


1Table of Contents


1Optical issues:


1Q: How can I determine the focal length of this mirror I acquired?


2Mechanical issues


2Q: Where on the tube should I drill the hole for the focuser?


2Q:  My Dobsonian suffers teribly from vibration, especially when focusing. What to do?


4Q:  What should I consider when balancing my scope?




Optical issues:

Q: How can I determine the focal length of this mirror I acquired?

A: I will describe two ways. But get someone to assist you, with a good tape measure. It can also help to mount the mirror on a plank or something to simplify the measurement process. Stick the back of mirror against a support with a piece of Pres-Stick.   
a)   Determine the radius of curvature, then halve it. A simple way is to use a torch with a naked bulb showing through a bit of cardboard.  Position the cardboard so that it is in line with the filament of the bulb.  In the dark, move this assembly back from the mirror, until the image of the filament is sharp on the card and as close to the bulb as possible. When that happens, it is at the centre of curvature. Measure the distance from the mirror to the image - this is the radius of curvature. Divide it by two to get the focal length.   
b)  Form an image of the sun on a wall, and measure the distance between the mirror and the image - that’s the focal length. It is important to keep the image as close to the line from the sun to the mirror as possible. Letting the sun shine just past a corner of the wall and sighting from the mirror to the sun so as to get the reflection in the right place is simple enough. But getting it properly focused, holding the focus and simultaneously performing the measurement is tricky.
 It is much easier to get an accurate measurement using the first method.

Mechanical issues
Q: Where on the tube should I drill the hole for the focuser? 

A: Determine the position as follows:
1) You want the focus to be 25mm above the fully collapsed focuser, so as to accommodate the variety of eyepieces you might encounter. To determine where this is, rack the focuser into the tube as far as it will go. Measure the height of the focuser above the tube and add 25mm. Call this “h”. 
2) Measure the outside diameter of the tube and divide it by 2 to get the radius; this is the distance from the centre of the tube to the base of the focuser. Call this “r”. 
3)  Measure the thickness of the stack comprising the mirror and its cell. Ideally this should include any adjustment bolts sticking out of the back of the cell, because you want these inside the tube where they cannot be bumped. (You might want to recess the assembly a little inside the cell for protection.) This total thickness, including the cell, the mirror and any additional space behind the cell, we can call “t”. 
4) Determine the focal length of the mirror; let’s call it “F”. 
5) Drill the hole at a distance from the BOTTOM of the tube = (F + t) - (r+h) 
Obviously you must have at least enough room ahead of this hole to accommodate the properly positioned spider and its secondary mirror. The centre of the secondary should line up with the hole in the tube, with a bit of adjustment still possible. 
 

Ideally, the distance from the focuser to the TOP end of the tube should be at least the same as the diameter of the tube, to prevent stay light from entering the focuser and washing out the image. Making it even longer can really help improve image contrast, especially with bright objects like the Moon nearby.
Q:  My Dobsonian suffers teribly from vibration, especially when focusing. What to do? 

A:  This seems to imply that some kind of damping is required, and all sorts of complicated mechanisms spring to mind. But in all probability, it is better to consider any underlying problem with the mounting. Most likely it exhibits some sort of torsional springiness - this is not uncommon if you don't overbuild the mount. Since you have a Dob, I would advise beefing up the box structure quite a bit. But before you get started on it, think about the following... 

The tube assembly is like a big pendulum. Any vibration problem will be exacerbated if the scope is not properly balanced, so it is very important to balance the tube.
All parts should be rigidly attached, as any floppiness will tend to make the situation worse by reducing the vibration frequency. If the mount itself is not absolutely rigid, the springiness in the mount will be a big source of oscillation. You touch the tube (even only to adjust the focus), and it induces a tortion into the mount. The mount deflects then springs back, overshoots and comes back, and so on, hence the wobble you see in the image. 
It takes a certain number of cycles fot vibration to damp out; a low frequency will therefore take considerably longer to damp than a high frequency. High frequency comes with low mass, stiffness, and short lengths. Each cycle, the amplitude of the vibration is a little less, because the energy is being dissipated in the bending portion of the system. But if the tube assembly is long and heavy, the frequency of this oscillation will be low and therefore it will take a long time to damp out.
Ideally, you should be able to put in a high-power eyepiece, give the tube a bump near the focuser, and see the images stabilise within a second.
The further away from the point at which you apply pressure to the scope to make it move, the more rigid the structure should be, because of the bending moment. This, the first thing is to make sure your ground- and base boards are thick enough. Then, push the tube and see where the twist in the mount is happening and brace accordingly You can usually see this quite easily: watch for the twist before the mount begins to turn. Thin flat side panels, as often found in Dobsonian mounts, are generally a big problem. It pays to brace these well. The little design features that Dobson incorporated into the side panels of his design may seem like extra effort and material, but they got there for valid reasons, including cost, rigidity and adjustability.

That having been said, judicious use of materials such as high-density rubber, foam and so on can isolate vibration, preventing its propagation, and improve damping by absorbtion of the vibration. (So, wood is inherently better than steel, for example, due its internal damping properties.) You can get quite good results by squirting that polyurathane crack sealant that you buy in a pressurised can, into any voids in the structure (such as the aluminium tube you refer to). This would help with tubular struts in the case of a skeleton tube. Stiffness is improved with little addition of weight.

If - once you have made all effort to sort the balancing and stiffness out, you still have a problem - there is one counterintuitive thing you can try. And it is cheap and simple enough that if it doesn't work you won't be upset. Get yourself a piece of chain long enough to have a bit still piled on the ground when you point the telescope horisontally. Attach this to the rear end of the scope, and see what happens. The chain should be not too light, but a big clunker is unnecessary. Plastic coated ones may work better. Remember that you will probably have to rebalance the scope a little if you do this.
Q:  What should I consider when balancing my scope? 

A:  The first thing is to mount all the bits you want on the scope (including your medium-weight eyepiece) in normal use. The second thing is to decide where you want the pivot point for the altitude axis, and make it so. The third thing is to balance the tube assembly.
Remember that if you have (say) the focuser, finder and handle all on the top of the tube, then - even if it seems balanced when it is in a horisontal position - the tube assembly is unbalanced when you point near the zenith. So, to balance effectively, you should place appropriate weights on the other side of the tube (underneath), at a point that compensates for all the attachments on the top. That way, the tube will be balanced in all positions. If this is an equatorially mounted scope (and even more so if the tube can also rotate about its axis), then you would need to balance the tube assembly radially as well. 
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