Adapting an 80mm f/5 Refractor for Solar Projection

Introduction

My first telescope was one of the ubiquitous 80mm f/5 refractors in the form of Celestron's FS80 EQ/WA model. And although I used it quite a bit during that first year, I had bought an 8" Celestron Starhopper dob within a year of getting the 80mm, and about a year after that, I was the owner of a 14.5" Starmaster. So, even though I would never part with the FS80 (after all it was my first love), it had become neglected. 

Fortunately, however, a few events conspired to resurrect our relationship. First of all, I had seen an article in the "Amateur Scientist" column of the August, 1999 Scientific American magazine about a nifty solar projection system called the Sun Gun that uses a bucket, some stuff from the hardware store, and rear screen projection material. At the time, I tucked the idea away in the back of my head as a possible astro-to-do item for the future. Then a few months later, I volunteered to teach a mini-course in astronomy at a local elementary school and thought solar observing would be a great topic for one of the sessions. 

Personally, I prefer the solar projection approach for children since it doesn't give them the impression that it is safe to look at the sun through the eyepiece of a telescope. Even though I could have used an aperture filter, I was worried that not all the students would remember there was a filter on the scope and then do something stupid at home with that Tasco sitting in the basement. Luckily I remembered the Scientific American article and, luckily, Scientific American had a reprint of the article on-line (Google “Sun Gun Scientific American to find it). 
The Sun Gun is actually the creation of Bruce Hegerberg of Norcross, GA. In fact, Hegerberg has a website (http://www.america.net/~boo/html/sun_gun.html) that describes various iterations of this idea. The Scientific American article is based on Hegerberg's Sun of a Gun. I took the information from the article and website and then tinkered with it a bit to adapt it to the shorter length of my FS80. In fact, you may want to familiarize yourself with the article and website before reading further because you may approach things differently than I did and understanding the original approach may help.

Putting It Together

The following diagram shows how the system goes together. I am NOT an artist and so the diagram leaves a lot to be desired. For example, the pieces are not even close to scale. But, hopefully once you get all the bits and pieces together on a table the diagram will make sense.
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A - Da-Tex Rear Screen Projection Material

B - 10 qt. Bucket

C - 2" Conduit Locknut

D - 2" PVC Male Adapter

E - 2" PVC Cleanout Adapter

F - 2" Adapter ML Insert (with screw hole drilled in it)

G - Eyepiece (10mm)

H - Colored Filter (Orion #11 yellow-green)

I - 3" Extension tube (or two 1.5" extension tubes)

J - OTA minus diagonal.
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a screw is used to tighten part F

and the eyepiece assembly to the

OTA.

I

G

H


Hegerberg provides a thorough list of parts and sources on his website, however I made some changes to address the special needs of my FS80 EQ/WA and the fact that I don't have a Lowes Home Improvement store nearby. The parts list for my 80mm f/5 version of the Sun Gun is as follows:

	Part
	Description
	Source
	SKU Number

	A
	Da-Tex Rear Screen Projection Material
	Da-Lite (http://www.da-lite.com, phone: 1-800-622-3737)
	unknown

	B
	10 quart plastic bucket.
	Home Depot (paint dept.)
	827-885

	C
	2" conduit locknut
	Home Depot (electrical dept.)
	606-278

	D
	2" PVC-DWV male adapter
	Home Depot (plumbing dept.)
	B 189-138

	E
	2" PVC-DWV cleanout adapter
	Home Depot (plumbing dept.)
	A 189-227

	F
	2" adapter ML insert
	Ace Hardware (sump-pump dept.)
	45708

	G
	1.25" eyepiece (10mm plossl)
	Various astronomy equipment suppliers.
	N/A

	H
	Orion No. 11 yellow-green filter.
	Orion Telescope (http://www.telescope.com)
	Unknown

	I
	2.5 to 3 inch extension tube
	Various astronomy equipment suppliers.
	N/A

	J
	FS80 EQ/WA OTA (minus diagonal)
	N/A
	N/A


Before going through the assembly instructions, here are some notes on things I did differently from the article and website:

· The first change I made was to go with a 10 quart bucket instead of a 5 gallon bucket. I did this because I was concerned about the weight and length of the 5 gallon bucket and how my mount and tripod would hold up to it. You may not have these concerns, and so a 5 gallon bucket may be fine for you. 

· Another change I made was to add the two PVC bits into the system so that the bucket assembly could be easily detached from the assembly that attaches to the OTA. This was necessary because I didn't have the camera adapter as suggested by Hegerberg and didn't feel like buying one. So, by adding the PVC bits to the system, I can secure the eyepiece/extension tube assembly and part F to the OTA, and then attach the bucket assembly. This will make more sense below. 

· As per the Sun Gun instructions, I painted the bucket (part B) black inside and out. In retrospect I don't think I would bother because the paint is peeling a bit and specks fall on the Da-Tex material. Although, one is able to look past the specks, they do interfere with the view at times.  On the other hand, someone who knows what they are doing when it comes to painting plastic (which I don't) may have better luck. Just be forewarned.

Once you have all the bits and pieces together, you can put it together as follows:

· Once the paint on the bucket is dry, drill a 2 1/4" hole in the bottom of the bucket (part B).

· Attach the PVC cleanout adapter (part E) to the PVC male adapter. Although a press-fit is pretty tight, you should use PVC cement to make this connection secure. Otherwise you run the risk of the bucket falling off and being exposed to dangerously unfiltered sunlight.

· Push the threaded end of the PVC male adapter (part D) through the 2" hole in the bucket from the outside.  Then, screw the conduit locknut (part C) onto the male adapter. This holds the male adapter/cleanout adapter assembly securely to the bucket.

· Attach the Da-Tex material to the open end of the bucket with the polished/smooth side facing out. Cable ties or a large rubber band works fine. If you are able to find a bucket with a lid, then you could cut out the center of the lid and attach the Da-Text to the lid and then the lid to the bucket. Whatever you do, make sure it is securely attached so that it does not fall off accidentally. 

· At this point, put the Da-Tex/bucket/male adapter/cleanout adapter assembly to the side. 

· Now drill a hole into part F about a 1/4 to 1/2 inch from the unthreaded end in between two of the ridges. (Once you see this part, you'll know what I'm talking about.) This hole hole will be used to run a screw through part F and into the setscrew hole in the OTA that is usually used to secure the diagonal, but is instead being used to secure the eyepiece/extension tube(s) assembly. So, make the hole just big enough for the screw.

· Attach the colored filter (part H) to the eyepiece (part G) and insert and secure this in the extension tube(s) (part I). I actually used two 1.5" extension tubes, although a single 2.5" or 3" tube should be sufficient to reach focus without the diagonal. Also, note that the Scientific American article and Hegerberg's website suggest a couple of different options for the filter. I chose the No. 11 filter because I didn't have anything in that color range and I thought it would be useful for other targets like Jupiter. You may want to play around a bit with filters you already have, or use one of the filters suggested in the article and website.

· Place the eyepiece/extension tube assembly into part F, and secure the two items to the OTA by running a screw through part F and into OTA. You'll have to run to the hardware store to find a screw just long enough to act as a good setscrew. At this point, the eyepiece should be poking out the end of part F and both part F and the eyepiece/extension tube assembly should be securely attached to the OTA.

· Now, screw the bucket assembly onto part F (which is attached to the OTA). The whole thing on the scope will be a bit floppy as-is. Various suggestions for securing the bucket assembly to the OTA are given in the article and website. I ended up tying a piece of string to the end of the bucket and then securing it to one of the hand bolts on the OTA used to attach the finderscope since I don't have the finderscope attached.

· Finally, you can take a large piece of cardboard and cut out a hole in the center to slide over the objective end of the OTA. This cuts down on some of the glare of the sun when looking at the projection screen. 

Concluding Remarks

To aim the scope, you can simply point it in the vicinity of the sun and then move the OTA around while looking at the projection screen and stopping when the image of the sun appears. Even with an 10mm eyepiece, the relatively large FOV makes this approach reasonably easy. Once focused you will clearly see umbra and penumbra as well as the aesthetically pleasing limb darkening affect at the edge of the sun.

Altogether, I think the cost is about $30 (not including the eyepiece or colored filter). Although this is bit more than a Baader material aperture filter, it is definitely less than a traditional glass aperture filter. And, unlike any aperture filter, the approach makes it easy for several people to observe sunspots at the same time.















