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Coordinator:
Good evening and thank you everyone for holding. At this time, we’d like to welcome everyone to today’s teleconference, and remind participants that your lines have been placed on a listen-only mode until the question and answer session of today’s program.

At that time if you wish to ask a question, you may press star 1 on your touchtone phone. Again for the question and answer session, you may press star 1 on your touchtone phone. We’d also like to inform all participants that today’s teleconference is being recorded. If you have any objections to this, you would disconnect at this time.


And now it is my pleasure to turn the call over to your first speaker today, Mr. Kenneth Frank. Thank you. Sir, you may begin.

Kenneth Frank:
All right. Thank you very much, (Shaun). Hello everyone and welcome to the Night Sky Network’s most recent telecon How to Make an Itty Bitty Radio Telescope. And we’re pleased to have Miss Sue Ann Heatherly with us this evening.


We also have the pleasure of having my cohort, the bubbly, effusive and taught me all I know about the Night Sky Network, Ms. Vivian White, who’ll be listening in along with you this evening. Hi, Vivian - except she’s muted her phone. So that’s okay. It’s kind of busy where she is.

So next I’ll do an introduction of Sue Ann. But first let’s let you guys do an introduction to Sue Ann. If you’d please open the lines, (Shaun).
Coordinator:
All lines are currently open.

Kenneth Frank:
Okay. And we’ll find out who’s listening in.

John Mannone:
John Mannone, Barnard Astronomical Society, Chattanooga, Tennessee.
(Roshawn):
Hi, John.

John Mannone:
Hi.

William Seymour:
Bill Seymour, Barnard Astronomical Society.
Kenneth Frank:
Hi, Bill.

((Crosstalk))

Tom Dorsey:
Tom Dorsey, Whatcom Association of Celestial Observers, Bellingham, Washington.

Kenneth Frank:
Great.

Bill Lord:
Bill and Melinda Lord, Barnard Astronomical Society, Chattanooga, Tennessee.
Robert Gilroy:
Robert Gilroy, Tucson Astronomical Association, Tucson, Arizona.

Kenneth Frank:
Great.

Kerry Smith:
Kerry Smith, York County Astronomical Society.
Kenneth Frank:
Okay.

Darrell Frey:
Darrell Frey, York County Astronomical Society.

Kenneth Frank:
Hi, Darrell.

Philip Evans:
Phil Evans, BackyardAstronomy.org.
Kenneth Frank:
Okay.

Bruce Tinkler:
Bruce Tinkler, Amateur Telescope Makers of Boston in Lexington.

Kenneth Frank:
Okay.

Stewart Meyers:
Stewart Meyers, Amateur Astronomers Incorporated in Jersey.
(Roshawn):
Hi, Stewart.

Paul Kohlmiller:
Paul Kohlmiller, San Jose Astronomical Association.

John Gallagher:
John Gallagher, Hawaiian Astronomical Society.
Kenneth Frank:
Hi, John.

John Gallagher:
Hi.

Kenneth Frank:
Aloha.

John Gallagher:
Hi.

((Crosstalk))

(Charles Bradley):
(Charles Bradley), Rochester Astronomy Club, Rochester, Minnesota.

Kenneth Frank:
Okay.

((Crosstalk))

Keith Payea:
Keith Payea, Sonoma Astronomical County Society.

David Mohrbacher:
Dave Mohrbacher, Richmond Astronomical Society, Ohio.
Barry Beaman:
Barry and Carol Beaman, Rockford Amateur Astronomers, Rockford, Illinois.
Kenneth Frank:
Hi, guys.

Tom Crowley:
Tom Crowley, Atlanta Astronomy Club, Atlanta, Georgia.

Kenneth Frank:
Tom.

Caroline Ramirez:
Caroline Ramirez from the Kansas Astronomical Observers in Wichita, Kansas.

Kenneth Frank:
Hello, Wichita.

Joyce Brann:
Joyce Brann, Astronomical Society of Northern New England.

Kenneth Frank:
Hey, Joyce.

Joyce Brann:
Thank you.

Barbara Geigle:
Barb Geigle with Berks County Amateur Astronomical Society in Reading, Pennsylvania.

Kenneth Frank:
Okay.

Frank Gutowski:
Frank Gutowski, Central Florida Astronomical Society, Orlando, Florida.

Kenneth Frank:
Hello, Frank. Anyone else?

Mark Suhovecky:
Oh. Mark Suhovecky, Michiana Astronomy Society of South Bend, Indiana.

Kenneth Frank:
Okay.

Victor Herrero:
Victor Herrero, Tucson Amateur Astronomy Association.
Kenneth Frank:
Okay. Anybody else?

Aaron Haun:
Aaron Haun with Orion in (Lonar) City.

Kenneth Frank:
All right. Okay. Now that we’re done who’s out...
(Roshawn):
I can’t hear you, Ken.

Kenneth Frank:
Hello, (Roshawn).

(Roshawn):
There you are.

Man:
You’re there. You’re there.

Kenneth Frank:
Oh. Okay. I’m pleased to introduce Miss Sue Ann Heatherly, who is the Education Officer at the largest and most powerful radio astronomy observatory in the world, the National Radio Astronomy Observatory’s Robert C. Byrd Green Bank Telescope.

Sue Ann is the daughter of a DuPont engineer. She criss-crossed continents in frequent moves. But as an adult she landed in the stars. And Sue Ann shares the mystery and magic of space exploration through the radio waves. And her job is to share the NRAO mission and experience with children, teachers, scientists and curious adults from West Virginia and around the world.


Sue Ann is also involved with the Quiet Skies project. And I first heard Sue Ann on Mountain Radio podcast and have admired here easy and relaxed delivery with her guests and astronomy personalities. So without further ado to our telecon audience, I’d like to present Miss Sue Ann Heatherly from Green Bank, West Virginia, and her itty bitty sidewalk ready radio telescope.

Sue Ann Heatherly:
Thank you very much, Ken. And thank you all for tuning in this evening. I can’t believe the - you’re just all over the United States. That’s so cool. And I’m really glad that a couple of amateur radio astronomers are joining us as well. So maybe they can chime in at the end a little bit if I’ve left something out.


So hopefully you’ve downloaded the presentation. And I’m going to go through it pretty quickly. And I thought I’d start out with just a little bit of background in radio astronomy, just not knowing what your background might be.


And I find that there are many, many similarities between radio astronomy and optical astronomy, at least from the standpoint of doing these kinds of science. And getting that across to the public is something that I hope you’ll help me do after the end of this presentation.

So the first slide then if you take a look at the title slide there, you’ll see where I live and work. And nestled in the middle of those beautiful mountains you see in that picture on the titles slide is the Robert C. Byrd Green Bank Telescope. And we call it the GBT. And that’s why we get our little tongue in cheek IBT - the itty bitty telescope is what the name of the little guy is.


So the Green Bank Telescope is the world’s largest fully steerable telescope. It’s not the world’s largest telescope. That honor goes to the Arecibo Telescope in Puerto Rico. But it’s a giant no matter what you say - 17 million pounds, 485 feet tall. And the dish is 2.3 acres in area. I’m always glad that I don’t have to mow it because that would be a big yard to mow.


So anyway there you have it. If you just go to the next slide then, you’ll see that I’m going to start you out with a little what is radio astronomy there. And moving on just to the very next slide, the one thing that radio astronomy is not - it is not listening to the universe.


We try to combat this a lot with the general public that comes to visit us. They want to know what we’re listening to. And I actually don’t mind that too much as an analogy. But for those of us that are in the biz, we don’t listen to radio waves.


There you see Jodie Foster out there in the movie Contact. She’s playing a radio astronomer. She’s got her headphones on. And she’s breaking a couple of really big rules for us. One is we don’t use laptops near radio telescopes because they generate radio frequency interference or radio pollution. And the other thing is of course that we don’t listen. Radio waves aren’t sound.

Instead if you go to the next slide, you’ll see what radio waves are. And I know you guys know this already. But radio waves are light. And they are just light that happens to have a really long wavelength, all the way down at the longest.


So whereas visible light is the kind of light that we’re most familiar with, and your optical telescopes are really good at detecting, radio waves are also fairly easy to detect if you’ve got the right equipment. And they are the same electromagnetic energy that light waves are or x-rays or gamma rays.

And so with that, one of the similarities that I want to sort of bring home to you, that I suspect that you don’t have any trouble envisioning is that a radio telescope and an optical telescope really aren’t that different. I’m sure that the optical telescopes that most of you have and operate especially if you’re doing sidewalk astronomy - although not if you’re doing, you know, a (jaffa) work maybe.


But if you’re doing optical astronomy you’ve got a telescope that has a mirror in it. And all of our telescopes are radio telescopes. Our modern radio telescopes have mirrors as well. And those are the big reflectors that you see, the big dishes that you see.


And I think that nowadays there’s even more similarities between optical and radio telescopes, because often times you don’t even put your eye at the eyepiece anymore. You put a CCD camera there. And we put a detector somewhere along our chain as well. And so I think that they are really more similar now than they ever were.


A modest optical telescope that you might have for your backyard astronomy though is likely better in resolving power than a fairly large radio telescope. So there’s a difference there because radio waves are so long in wavelength you have to make your dishes really, really big to have any kind of resolving power at all. So there is a difference right there. But that’s just a difference in scale.

So moving on to Slide Number 6 then, you should see an image there that shows you the atmosphere above the earth, and the ability of different wavelengths of electromagnetic radiation to penetrate the atmosphere. So that’s what that picture is showing you there.

And as you can see luckily really for us that the very energetic waves -- gamma rays and x-rays -- and even most of the UV rays don’t make it all the way to the surface of the earth which is good, because they wouldn’t be good for us.

But visible light and radio waves do make it all the way down to the surface of the earth. What a wonderful thing that is because maybe we wouldn’t have even had astronomy had it not been for this lucky fact. Visible light makes it all the way to the ground.


We’ve been doing optical astronomy for thousands of years. And as it turns out, radio waves make it all the way to the ground, too. And what that means is that we can build state of the art instruments. We can improve them. We can fix them when they break very easily.


And we can really develop technology to go along with these two branches of astronomy. It also means that radio astronomy and optical astronomy are both really worth protecting. These parts of the spectrum are worth protecting. And that’s why I’m a big proponent of dark skies and doing all we can to mitigate light pollution.


And also I try to do a little bit of education to convince people that we need a few places like Green Bank, West Virginia where we don’t have a lot of radio pollution either because it’s very, very similar - the detrimental effects that radio waves produced by your laptop and your cell phone and your microwave oven and all kinds of devices that we think we need.


All of these devices create radio pollution that blind our radio telescopes at certain wavelengths, so in any case there’s another similarity between optical and radio astronomy. We can do them both from the ground.


So that being said, I thought I’d give you a little tour of the radio sky. And if you find that you or your club is interested in a PowerPoint presentation that goes into a little bit more detail than I have time to do tonight, just let me know. Drop me an e-mail. And I will make sure that you get your hands on my longer version of the tour of the radio sky presentation. I just sort of nipped a few slides from it.

So we’re going to start out here with an image that shows the radio sky over Green Bank, West Virginia. So you see on the bottom a photograph of Green Bank, West Virginia. Back in the day when we had a 300 foot telescope that fell down 20 years ago - just a couple of days ago was the 20th anniversary of the collapse of the 300 foot. But that’s bread for another sandwich.


So above that is a radio image of the sky. And actually the 300 foot is the telescope that collected the data that you see turned into that image right there. And so everything that you see there depicted in this image are objects that emit radio waves. And what we’ll do is sort of pop through some of the varieties of objects that emit radio waves out there in the cosmos.


And so if you go to the next slide which is Slide Number 8, you should see four images of the planet Saturn. And these images are many of them, you know, taken by NASA instruments. And then one on the far end there that was made with radio telescopes that we operate.


And so what you have there are UV, visible, infrared and radio. And I love this series of images because it really shows you why astronomers are greedy, and why they want access to all of the spectrum and not just one little bit of it, because looking closely at that UV image of Saturn it just makes me smile to see that little aurora borealis up on top there.


And you can see a faint hint of one in the southern - the South Pole of Saturn as well. So that’s a really cool picture. If you look at the radio picture of Saturn, you’re not looking at reflected radio waves from the sun or anything like that.


You are looking at intrinsically produced radio waves, radio waves made by and emitted by the planet Saturn. And this is one of very - really very few instances where an object in the universe emits radio waves because it’s warm, because it’s a black body.


So looking at this picture, you’ll notice that the rings are very dim. And the planet is quite bright. So the rings are not emitting radio waves. They are cold chunks of ice and rock. And so they are not emitting radio waves. But the planet is because the planet is warm. It’s producing heat. And it’s producing radio waves.


So Saturn glows in the infrared. It also glows in radio. And it’s this type of emission that the itty bitty telescope is capable of detecting, although it is not capable of detecting Saturn at all. It’s just not - it’s not big enough. And therefore it’s not sensitive enough. But Saturn is emitting radio waves because it’s a black body, because it’s warm.

Now if you go to the next slide -- Slide Number 9 -- this may be a familiar set of images to you if you’ve ever looked through a defraction grading at gas tubes or at neon lights or what have you, you’ll note that elements that gases will emit only certain colors of light.


And I show you this series of spectra here because in the radio certain molecules -- particularly molecules, but also certain atoms like hydrogen for example -- emit spectral line radiation as well. So not only do things in the universe emit radio waves just because they’re warm black bodies, but they can emit radio waves because they have certain molecules in them that undergo certain transitions.


And these transitions produce radio waves at certain and only those certain wavelengths. So if you know what those wavelengths are, you can tune your radio telescope and search for these atoms or molecules out there.

So in the next group of slides starting with Slide Number 10 - well actually it’ll be starting with Slide Number 11. But let’s spend a moment on Slide Number 10 first. In the next group of slides, you’re going to see us pop through images of the Orion constellation made at radio wavelength.

This first image is just a shot from a planetarium program. It’s not even a real photograph. But it’s showing you the stars of Orion. It’s also showing you in the little green outline where the nebulae are. And so right there where you see M78, curving to the left of that is Barnard’s Loop. And of course you can see the Orion nebula there and some other green outlines, too, that you guys I’m sure know what they are better than I do.


So that is an optical depiction of the constellation of Orion. If you pop to Slide Number 11, you’ll see a radio image to the same scale with the stars still underneath it there. Now this is radio emission caused by hot gas. So this is a thermal process as well. So where the Orion nebula is, there is hot ionized gas there.


And you see radio emission because you see electrons accelerating as they whiz by atomic nuclei. So anytime electric charges accelerate you can get radio emission and hot gases, and instant ionized gases and instance where you have electrons whizzing around all over the place.


You can see that Barnard’s Loop is well represented there as well and that there’s an ionized gas up near the head of Orion there, too. So wherever you would see nebulae in an optical photo, you can see radio emission from this ionized gas. If the gas is ionized, you’ll see it in radio.

Now if you go to the next picture, you’ll see spectral line emissions. So this is not continuous emission. But this is emission from hydrogen atoms. And hydrogen atoms emit radio waves at one wavelength. That wavelength is 21 centimeters in wavelength. And it’s due to an atomic transition, a very low energy transition. So this is a quantum effect.

And you can see that there is absolutely no correlation here between the ionized gas, the nebulae and the atomic gas. You might even notice that up near the head of Orion there there’s kind of a hole in the atomic gas. Pay attention to that and we’ll see if you can correlate that with the next one that we’re going to look at.

Essentially what you’re seeing here as you look at this part of the sky is you’re seeing the edge of the Milky Way galaxy. You’re seeing the galactic plain. And you’re really starting to see it if you look in the upper left hand corner there.


So that is us having tuned our radio telescope to pick up this 21 centimeter radio emission, and then looking for it all over the constellation of Orion and mapping its strength and just color coding that in sort of a rainbow palate.


Okay. So if you dove into Slide 13 you’ll see the molecules. And this is - in particular this is the carbon monoxide molecule which emits radio waves at other wavelengths, not 21 centimeters but at other wavelengths at much shorter wavelengths. So if you what those wavelengths are and you tuned your radio telescope to pick those up and map out the abundance of that, you’ll see what you see here in this slide - Slide Number 13.

So this is showing you the abundance of carbon monoxide. And carbon monoxide is a good tracer of cold, big clouds of gas. So the Orion nebula is a little chunk of that gas that has been lit up by the stars that formed within it. But the molecular cloud is much, much bigger. Again, you don’t really see any correlation with the Barnard’s Loop. And I want you to notice the head of Orion there. And see if you can’t sort of see a little ring around the head.

Now in the middle of that is where we saw a cloud of ionized gas. But we also saw a hole there in atomic gas. And so that really makes a radio astronomer’s day, you know, when they see these three pictures and they try to put it together. Wow, I’ve got ionized gas in there and no atomic gas. That makes sense. And no molecules either.


So what pushed, you know, the molecular gas out to the sides like that? Was there a supernova that went off in there? Who knows. But that’s of scientific interest to astronomers that love the Orion nebula and study it in radio wavelengths.


Okay. So there’s a lovely example of why radio astronomy is so awesome. Now there’s one other way to make radio waves in space. And that’s to get yourself some electrons and charged particles once again, and this time put them in the presence of a magnetic field. Electrons spiral around magnetic field lines. And this causes an acceleration. And this causes radio waves to be emitted. So let’s look at some examples of synchrotron emission.


Go to Slide Number 14 and you will see an optical image of Jupiter. And if you look at that beautiful picture, what you’re seeing is sunlight reflected off the cloud tops of Jupiter. So that’s really what you can study using an optical telescope.


Now if you look at Slide Number 15, you see roughly to the same scale. It’s not exactly right, but roughly to the same scale a radio image of Jupiter. So the planet is in the middle. Now this color palette goes from red to purple. Red is the strongest - the most emission. Purple is the least. And you can see that there are bright spots of emission coming from outside the planet.

So if I were to instruct you what to do now, I’d say to hold - get yourself a pencil and hold it such that the pencil lines up going from bottom left to top right, and goes right through the planet part of that radio image. Pretend like that’s a big bar magnet. And remember how magnetic fields go from North Pole to South Pole. It’s a big bar magnet.


So you’re seeing the magnetic field of Jupiter. And you’re seeing lots of charged particles interacting with that magnetic field, causing particularly these really bright red spots on either side just because we decided to color them red. And then you can see the curve and the magnetic field lines sort of extending above and below those red spots.


So that is Jupiter in the radio. We call it cosmic road kill here in West Virginia because, you know, we make a lot of road kill a lot. In fact, we make fun of eating road kill sometimes which is more information than you need I’m sure.


Okay. So let’s move on then to Slide 16 and look at another object that emits radio waves because of charged particles of magnetic fields. This is an optical image of a part of the sky in Cassiopeia. You’ll notice lots of stars. You’ll notice a slight little ring of material there as well. This is the best optical picture of Cas A that I’ve been able to find. I think the Hubble Space Telescope made it.

Now if you look at the radio image of this same object, that’s what you see. So go to Slide Number 17. The stars disappear. One thing that I hope you’ll take away from this is that stars are not very good radio emitters. We don’t really study stars -- normal stars -- with radio telescopes. They emit because they’re black body radiators. But the amount of radio emission is very, very tiny.

Now what this object is though is a supernova remnant. So it was a star at one time. And it blew up when it ran out of nuclear fuel. And what you see there is an expanding shell of gas interacting with the magnetic field that happens to be there.


And so we have charged particles, magnetic fields. This is synchrotron emission. And it lights up like you wouldn’t believe to a radio telescope. In fact, other than the sun, this is the strongest radio source in the sky. So it’s a whopper. And it was discovered first early, early on in the late ‘30s by Grote Reber.

If you go out into the greater universe, leave the Milky Way behind and go to Slide Number 18 now, you’ll see an example of many, many things out there - many things that look like this. So this is an optical image and a radio image superimposed one on the other.


And the optical image is in blue. And you can see a fuzzy thing in the middle. The radio image is in flame. And you can see that the radio emission looks like it’s squirting out from that blurry optical blob there in the middle. That’s an elliptical galaxy. I bet you guessed that. And jetting out of the poles of that galaxy are these jets of material that emit radio waves.

So some of the very first evidence that black holes existed in the cores of galaxies came from images like this, where the only way to explain this high energy jet of material coming out of the core of a galaxy is by deducing that there was a very powerful engine in there, and that engine could only be produced by something like a black hole.

So we’ve been rather convinced of the existence of black holes for several decades now because of stuff like this. And this object is about 55 million light years away. And you can see really far out there eight to billions of light years away. And you see objects like this all over the sky.


So let’s go back to our original image. Go to Slide Number 19. And let’s take a look at this picture. So this image was made not by the very large array telescope which has good resolving power. It was made by a 300 foot telescope that has very limited resolving power, in fact really not much better than your eyes at optical wavelengths.


So the 300 foot telescope could see in the radio not quite as good as you can see in the visible. But just remember that. So we’re looking out at the sky here. And we’re seeing things not very well resolved.


Well what are all these little things? Down at the bottom near the horizon near the mountain is a big thing. And that big thing happens to be the California nebula. So that is ionized gas. Running in a swath from the lower left up toward the upper right you’ll see some round things, some sort of round little bubbles there. Those are supernova remnants like Cass A.


But every little dot that you see in this picture - every single little dot is a distant radio galaxy that has a black hole in its center. You just can’t resolve the jets here because the telescope wasn’t good enough, so none of these things are stars. We have supernova remnants. We have nebulae in this picture. And we have distant, distant galaxies.


But even the fact that the background is blue is purposeful. That is indicating the cosmic microwave background that was discovered by radio astronomers, after they had cleaned all the pigeon poop out of their foreign antenna and could only come up with, you know, the Big Bang.

That had to be all that was left that created the little signal they were seeing. So that blueness back there is indicating that no matter where you look with a radio telescope there’s a little bit of signal to see.

So that is in a nutshell the radio universe. Now that’s what I’ve done there is just do one of the cardinal sins of astronomy. I’ve shown you the equivalent of Hubble Space Telescope images and said, “Now we’re going to look through,” you know, an amateur telescope and hope that you’re not disappointed.


So if you go to Slide Number 20, you know, we’ve got the GBT here in Green Bank. And then what I’m going to talk to you now is how to make an itty bitty telescope. And an itty bitty telescope cannot see any of those things that I’ve just shown you.

One thing that I didn’t show you though was radio images of the sun. Because the sun is so close, it is by far the strongest radio object in the sky. And the itty bitty telescope can detect it.


And that’s what makes it cool because if you’re outside with your hydrogen alpha telescope, or your white light telescope or you’re projecting sunspots for the general public to ooh and ah over and it gets cloudy, pull out your itty bitty telescope and you can still do astronomy during that time, and if it’s sunny, so much the better. You can do them side by side - solar sidewalk radio astronomy and optical astronomy.
Kenneth Frank:
Wow. That’d be great for us in San Francisco.

Sue Ann Heatherly:
No doubt. No doubt. That’s right because we were talking earlier about the fog. So let’s talk about how to do this. These two pictures do not do justice to the difference in scale between these two telescopes. But in the left one where you see the Green Bank Telescope, the GBT, there are two little people standing in the foreground there.


They are at least a football field away from the telescope, though. They’re several - they’re probably 200 yards away from the telescope where they are. And then you see the itty bitty telescope there with David Fields. He’s a member of the Society of Amateur Radio Astronomers. And he’s got some kids there. And they’re doing some radio astronomy.

So go to 21 then - Slide Number 21, and you’ll see the kit that I purchased from eBay for 60 bucks. Now there’s absolutely no need for you to do that. You can get these DIRECTV or DISH Network dishes for free just by going to your dealer, because when they take down the competitor’s dish and put their dish up and vice versa they just, you know, throw the old dishes in the back of their trucks. And they have them.


But this is a cool kit. And the reason why I like it is because it comes with a tripod and everything - all the coaxial cable that you’ll need and then some. And it even comes with some really, really crappy, crappy tools -- some wrenches there that you could put this thing together with if you had to -- and some levels. So this is what you would buy if you wanted to watch TV when you were camping.


So from the bottom left - we’ll go clockwise around. You can see two rolls of coaxial cable. They’re white. Above that on the left hand side is the arm that we’ll mount the little amplifier on. To the right of that are the tripod pieces. They’re the big central tube and then the legs there. And then on the white pieces of foam paper there you’ll see the low-noise amplifier.


You’ll see a little box that has our signal meter in it. You’ll see the crappy tools I was talking about and three stakes if you wanted to sort of stake down your tripod, you could. Or you could keep them around in case you encounter a vampire or something. I don’t really use tent stakes for anything.

Okay. So that’s what you get with this eBay kit. And again, the reason why I like it is because of that tripod that you guys probably have tripods galore laying around. So let’s put the dish together first. So go to Slide Number 22. So the little packet of hardware comes with it.


Now what you can’t really see on that arm is that there’s a little sleeve in there that slides down over the center of the tripod that comes with the RV kit. If you get a dish from somebody for free, you’re probably going to have the kind of mount that would let you mount it to the side of a house.


And you would just - I’ll tell you what I do. If I have a dish and I want to mount it to like a photographic tripod, just drill a hole in the dish. Drill it about right underneath where it says the E under DIRECTV. Just drill a hole there.


And then you can screw on that little quick release thingy that you stick on a tripod or that comes with your tripod. And then you just got it done just like that. That’s what we do. It won’t hurt anything. But if you buy this kit then you need to re-orient this little sleeve there.

So go to the next slide there and you’ll just see me holding that up. So inside of the arm is this little short sleeve that has two screws on it. We’re going to take that out and turn it around and just mount it. We’re going to turn it upside down and mount it through that bottom hole there that you see with the nut on it, that has a little round recessed ring there.


So go to the next slide then. And you see that we’ve taken it out. And that’s what it looks like. Go to the next slide. These will pop through really quick I think. That shows you the parts. Now what we did was we got ourselves four washers.


And you know how nobody uses overhead projectors anymore, but you still have all those transparencies laying around? They come in real handy sort of. You can use those instead of Teflon washers to make this thing.


What we want to do is to mount it so that the arm of the telescope is on top like it is on the GBT, so it looks like our Green Bank Telescope. And we want it to slide. We want it to be able to tip up and down and swivel in (unintelligible). And so the little plastic pieces come in handy.


And so what we’re going to do then is go to the next slide. Oops - let’s see. Okay. So this is not a very good picture that’s showing you how we’re going to realign it. So we’re just going to mount it in one through one hole, not through both. We just want it to sort of swing the sleeve in there.

And you’ll see if you go to the next slide just a close up that we have a lot. We have the little piece of plastic and a washer on the outside. We also have washers on both sides of the inside, too. And I think that this will become clearer if you just go to Slide Number 28. Go to Slide 28 there. And it shows a very crude diagram that shows you what we’re doing here.


So on the part of this little sleeve that has little - that sticks down, there’s a set of holes there. And we have bolt that came with it. And so we have the bolt and we have a washer. If we’re going from left to right here, so we have the bolt, the red washer the pink little piece of Teflon or plastic, going through the feed arm to the other side.


We have a washer on the other side. And then we’re going to go through this sleeve, go through another red washer and then out through the other end of the feed arm with the piece of plastic, the red washer and the nut. So that’s the way that goes together. And you can ask me question about this at the end if it doesn’t make sense. But it’s not. It’s easier - you just do it. It’ll be easy.


So go to 29 then. And this shows me putting the sleeve down over the tripod. And you can see that the arm now is on the top. If we’d left it the way it was, number one we wouldn’t have been able to tip it very far. And the arm would be on the bottom which is just fine. But it just doesn’t look like the GBT. So I want to (unintelligible).

Kenneth Frank:
Okay.

Sue Ann Heatherly:
I’m putting you through all this. Okay. Don’t tighten it down too much there. I just put that there so you can see how it went. But if you tighten it too much you will actually sort of squeeze together the arm. And it won’t - the dish won’t fit on it quite right. You won’t be able to get the dish screwed on. So don’t make it very tight. If you need to, pull it off to put the dish on.


So if we start with Number 30, you’ll see the dish. And you’ll see little nuts and little - they’re not screws, little bolts there I guess you call them. And they just go on that flat piece of the arm. So if you go to 31, you’ll see that we’ve got the dish there putting it on the arm.


And those four holes on the dish line up with four holes on the little phalange of that feed arm. Just pop the little button through and tighten them up with the nuts on the other side. It’s really simple. Believe you me; I’m not very mechanically inclined.


You can see if you go to 32 underneath where we’re bolting it to and screwing in the little nuts on the other side. And then we tighten it all up there. So go to 33 and you’ll see (Steve) tightening things up. I did have a helper with me when I put this together. He was taking the pictures most of the time. But sometimes you’ll see a hairy hand in there. That’s not mine.

Okay. So now go on to 34. And here’s where we’re just going to finish up. And it’s really, really easy. We’re just going to put the little amplifier in its spot at the focal point. We’re going to thread some coax through that arm. And that’s all there is to it.


The coax that they give you in the RV kit is too much. You’ll end up with all this extra coax. So you’re going to have to go root through your old VCR and your old cable days and find yourself a shorter piece of coax if you can. Four or five feet is plenty.


Otherwise you’re going to have to learn how to put, you know, cut it - put a connector on the other end which is pretty easy to do. But I don’t show you how to do that here. Or you could just leave it long and have a bunch of extra coax. There’s nothing wrong with that. It’s just not neat and pretty.

So those are the pieces that you need to finish up with. If you go to Slide Number 35, you’ll see that we’re screwing one end of the coax to the connector on the LNA. And there’s another one there. There are two on this particular one.


There are two points that you could put coax on. Just pick one. And the other one just sits there. You don’t need to do anything to it. You don’t need to put a terminator on it or anything like that. Just pick one and screw the end of the coax on it.


And then if you go to the next slide, you’ll see that I’m - it’s kind of blurry. But I’m threading that coax through the arm. And let’s see. In the next slide -- Slide Number 37 I believe it is -- you can see that we’re getting ready to sink the amplifier into the top of the arm there. And once you do that, there’s a little screw that comes with it. And you just screw it in so it doesn’t go anywhere.


So now that is your - that’s your meat part of the meat and potatoes here because that is the little amplifier that’s going to detect these signals from the sun. Well it’s not going to detect them. It’s going to amplify them, send them down a coax, and then you’re going to detect then with a little signal meter that we’re going to get to in just a minute.


And so then with 38 there, you see us putting the screw in. And with 39, we’re just sort of tightening things up here. This is a very crude tripod. And we just tighten that center pole up enough that it won’t go anywhere. But we just brute force this whole dish around.


We just swivel it around, you don’t get it tight enough that you can’t swivel that center sleeve around in there. So we’re just tightening that up a little bit so it won’t go anywhere. It won’t wobble around.


So if you go to 40, here’s where you have to make a choice. If you buy the RV kit, it comes with a very cheap little satellite finder. What you see here in Slide Number 40 are different tuning meters that technicians might use to help find a satellite. If you buy a TV satellite dish and you want to point it at a communications satellite, you need to be able to find it.

And so these little tuning meters are what you’re going to use as your detector. This is what we call in radio par land your back end. Your front end is the little amplifier that we just screwed into the top of the arm. And this is called the back end. So this is where we’re going to detect.

So you have some choices here. If you look on the far right hand side of this slide, you’ll see the most expensive version for a portable signal meter. This one’s made by Advantage. And what’s nice about it is that it comes with its own battery built in and a charger. And so you can charge it up, take it out into the field and use it, and then charge it up when you’re done. And that’s pretty handy.


The one if you go down on the left hand side there, you’ll see a mid-priced variety. And we like this one a lot. It’s called a Channel Master. You have to make a battery - a power supply for it though.


And the cheapy is the one that comes in the RV kit. And they cost 15 bucks if you want to just buy one. It doesn’t have as much dynamic range, but it gets the job done. It really does the trick. And so there you have it. You have to make a power supply for it as well.


So the next group of slides is going to show you how to do that. It’s really, really easy. The Channel Master requires only 12 volts I think. The cheapy, cheapy satellite finder requires 18 volts or so. And so your battery pack that you make is going to be different. You’ll either use a bunch of AAs or you’re going to use a couple of 9 volts like I’m showing you here for the cheapy.

So what we’re doing right now is making a power supply for the real cheap sat finder. So go to Slide Number 41 and you’ll see what you need. You need a piece of coax, some electrical tape, a couple of little wire nuts, some batteries, two battery snaps and some wire strippers. And that’s really all you need.

And these battery snaps that you see there are the cheap ones. They’re the flexible ones, the ones where the black part where you snap it on to the battery is bendable. That’s important if you want to cut it in half which is what we’re going to do here in a minute.


So first you got to get the coax ready. And so if you go to Slide 42, you’ll just see us starting that out. These were - it was very, very simple. The first thing you want to do is to get rid of that piece of that black outer insulation. So strip it off. And then if you go to Slide 43, you’ll see that once you get that black outer insulation cut all the way around, then you can just pull it off like I’m doing right there.


Okay. So go on to Slide 44 and that’s what you see. At least that’s what we saw on this piece of coax. So what you have then is braided wire running along the inside there once you get the black outer bit stripped off. So unbraid that and twist it. Make a wire out of it. Make one wire out of it.


So unbraid it. Bring it over to the side and then twist it up. This piece of coax also had a little sort of aluminum foil type of sheath on it. And we just got rid of that just to get rid of that any way you can. I used my fingernails to get rid of it.


And then what you will see if you go to the next slide is that there’s a white insulation there as well. And that’s pretty tough stuff. That’s like Teflon. So we’re going to crimp that off. We want to cut that off and expose maybe a quarter of an inch or a little bit more of the center copper conductor. And so that’s what we’re doing in Slide 46.
Kenneth Frank:
So excuse me, Sue Ann? As long as we’re talking about cutting off...
Sue Ann Heatherly:
Yes.

Kenneth Frank:
We need to cut this short so you can have time for Q and A at the end.

Sue Ann Heatherly:
Oh yes. Absolutely.

Kenneth Frank:
So all of this is on the Web.

Sue Ann Heatherly:
It is all on the Web. And...
Kenneth Frank:
And if we zip down maybe...
Sue Ann Heatherly:
Yes.

Kenneth Frank:
...to...
Sue Ann Heatherly:
Yes. Let’s just go straight to...
Kenneth Frank:
...maybe 63?

Sue Ann Heatherly:
Yes. Let’s go to Slide Number 64 actually.

Kenneth Frank:
Okay.

Sue Ann Heatherly:
Okay. So after you make the battery pack, you just hook one end of that battery pack to the sat finder. And you hook the other end to the - where it says connect to the LNA. And you can see it’s connected to - if you look at the right hand picture there, it’s connected to the coaxes coming out of the arm of the itty bitty telescope.

So we have it set up outside. If you look at the sat finder there, you’ll see that the reading is somewhere down on the left. It’s sort of between -- I don’t know -- two and four or something like that. If you go to Slide 65, you’ll see what happens if you point this itty bitty telescope at the sun.


And pointing it at the sun requires that you line the shadow up with that upper edge. It’s an offset design. The focal point is not over the center but over the upper edge. And so when you get that shadow lined up right there, the sat finder will whistle at you. And you’ll see also that the needle indicator is all the way over there at about ten.


It’ll also whistle at you if you walk by it. It’ll whistle at you if you put your hand up near the low noise amplifier. And so if you’re setting up as a sidewalk telescope there, it’s going to be an audible tone which I know may lend itself to our misconceptions that we listen to radio waves.


But who cares. We’re trying to get people interested in radio astronomy a little bit. And the whistling is kind of funny. People enjoy it. They’ll do a little jig and make it whistle at them.


And so on page -- or on Slide 66 there, I have this set up to sort of work automated as you -- as these slides went through. But it’s not quite working right. So after these slides pop through and you see me kind of walking past the dish, then the little sound will come on. And this is what the cheap signal meter sounds like.

Kenneth Frank:
It’s a great dance you do there...
Sue Ann Heatherly:
Oh thanks.

Kenneth Frank:
...fortunately.

Sue Ann Heatherly:
Yes. Thank you. And we love to do the radio dance. And if you just go to 68 - go to Slide Number 68, the very last one. If you click on that play, the play the Channel Master, you’ll hear what a better tuning meter sounds like. So in this case you hear a tone all the time. It’s not either on or off.


But you hear a low tone which increases in pitch when you encounter an object that emits radio waves. And then this little sound clip we have - Number One is the sun. So you’ll hear it go up in pitch as I point it at the sun. And then I pointed it at those geostationary satellites. And I got one and it’s even louder and higher.


And then I was twisting it around. I twisted it and pointed it at the science center building. I was getting ready to turn it off and it goes so high it’s just like it would drive dogs crazy that you can’t hear it anymore. It just pegged the meter completely off scale. But you can adjust that gauge. So that’s what a better tuning meter sounds like.


Now I had a couple of questions before this started. And that was, “How can we go out to an A to D detector?” and so on. And if you look at the little PDF handout that I made available to you, you’ll find that the name of Kerry Smith.


Kerry Smith is an amateur radio astronomer who goes into these Channel Master tuning meters and modifies them, so that he puts a portal out for an A to D converter and things like that, if people want to go further with this than just sidewalk radio astronomy.

So that’s it. There were too many slides there. You were right, Ken. But if anybody has any questions I can answer right now, I will. And I hope you’ve got my e-mail address. So I’m happy to carry this on offline - or actually online but off the telephone later. So questions?
Coordinator:
And at this time if anybody does have any questions, you may press star 1 on your touchtone phone. Once again for any questions, you may press star 1 on your touchtone phone.

Kenneth Frank:
While we’re waiting for questions to come in, I want everybody to know that Sue Ann came from her home and it was snowing. What’d you say - six inches?

Sue Ann Heatherly:
Yes. About.

Kenneth Frank:
I know that’s not, you know, a lot. But still that’s something.

Sue Ann Heatherly:
It’s the first snow. So the first snow is always, you know, you have to kind of grit your teeth.

Kenneth Frank:
Right. Well we want to thank you very much...
Sue Ann Heatherly:
You’re welcome.

Kenneth Frank:
...for doing this.

Sue Ann Heatherly:
It was my pleasure. Thank you for having me. I really appreciate the opportunity.

Kenneth Frank:
This is great fun, and from the largest to the smallest.

Sue Ann Heatherly:
That’s right.

Coordinator:
Okay. We do have a question. Your first question will come from Bruce Tinkler. Please state your club.

Bruce Tinkler:
Amateur Telescope Makers of Boston.

Sue Ann Heatherly:
Hi.

Bruce Tinkler:
Hi. Just a quickie question because I don’t know all the technology here - obviously on a reflecting telescope, the coatings make a difference. If in this case we wanted to paint the dish itself to indicate the club affiliation or something like that, would it make any difference what sort of paint we used for that?

Sue Ann Heatherly:
I don’t think so, no. Although, you know, what you don’t want to do is heat the dish up. So I wouldn’t go for black or something like that. I’d pick up like color or a light color. But essentially the radio signal goes through the paint and hits the aluminum beneath. So I think you’ll be all right if you want to put the logo. We put stickers on them before. And we don’t see any appreciable loss of signal.

Bruce Tinkler:
Thank you very much.

Sue Ann Heatherly:
Okay.

Coordinator:
Okay. Your next question will come from Bob Weddington. Please state your club name.

Bob Weddington:
Yes. San Antonio Astronomical Association.

Sue Ann Heatherly:
Hi.

Bob Weddington:
I have a question on the - you mentioned Kerry Smith I think it was. And is there a Web site or something that they have?

Sue Ann Heatherly:
Yes. The Society of Amateur Radio Astronomers has a Web site.

Bob Weddington:
Okay.

Sue Ann Heatherly:
And I’ll give that to Ken and maybe he can post that to you guys.

Kenneth Frank:
Actually I think it’s already up on the Web.

Sue Ann Heatherly:
Oh good.

Kenneth Frank:
Yes.

Sue Ann Heatherly:
Yes, it’s - yes.

Kenneth Frank:
So if you go to the download page...
Sue Ann Heatherly:
There you go.

Kenneth Frank:
...they’re all listed there.

Sue Ann Heatherly:
Fantastic.

Bob Weddington:
Oh. That’s good.

Kenneth Frank:
Yes. Yes. Yes.

Sue Ann Heatherly:
And then Kerry’s e-mail is there as well. And so he would take orders for modified systems. In fact, he’s building the whole thing that will have more bells and whistles than this. This is the very most basic variety. So...
Bob Weddington:
Yes.

Sue Ann Heatherly:
...I’d e-mail him.

Bob Weddington:
Yes. I actually have an itty - I mean an eight foot dish.

Sue Ann Heatherly:
Oh.

Bob Weddington:
So needless to say I should be able to get a little better signal.

Sue Ann Heatherly:
Oh yes. Yes. I should think so.

Kenneth Frank:
Here we go. How big is your telescope?

Sue Ann Heatherly:
That’s right.

Bob Weddington:
There you go.

Sue Ann Heatherly:
That’s right.

Bob Weddington:
More aperture.

Sue Ann Heatherly:
Fantastic. Well you’ll get lots of good ideas from that Web site.

Bob Weddington:
Okay. Thank you much.

Coordinator:
Okay. Your next question will come from Stewart Meyers. Please state your club name.

Stewart Meyers:
Amateur Astronomers Incorporated.

Sue Ann Heatherly:
Hello.

Stewart Meyers:
Hi. Well that was some presentation tonight. It seemed the way you were putting the thing together was almost like watching the Red Green show. Don’t know if you’re familiar with that.
Sue Ann Heatherly:
Yes, I am.

Stewart Meyers:
Usually have to explain that reference to people. But the...
Sue Ann Heatherly:
No. I guess I’ll say thank you.

Stewart Meyers:
But the question is you seem to imply that the sun was the only celestial object that this thing could detect. Is that correct?

Sue Ann Heatherly:
Yes. Now the moon...
Stewart Meyers:
Not even Jupiter?

Sue Ann Heatherly:
The moon is sometimes -- if you have an exceptionally good LNA -- and they do vary in their signal to noise. If you have a really good one, I’ve been told you can detect the moon. But I have never been able - been successful in doing that myself.

Stewart Meyers:
That’s curious because I’ve read - recall reading somewhere where people claim that they could detect radio emission from Jupiter...
Sue Ann Heatherly:
Oh you can.

Stewart Meyers:
...with rather trivial equipment.

Sue Ann Heatherly:
Yes. But it’s low - that’s low frequency...
Stewart Meyers:
Oh.

Sue Ann Heatherly:
...stuff. So yes.

Stewart Meyers:
All right.

Sue Ann Heatherly:
You can’t detect that same emission mechanism with this device.

Stewart Meyers:
All right.

Kenneth Frank:
I think we have time for about one more question.

Coordinator:
Okay. Your next question will then come from Tom Dorsey. Please state your club name.

Tom Dorsey:
Whatcom Association of Celestial Observers in Bellingham, Washington.

Sue Ann Heatherly:
Hi.

Tom Dorsey:
And my question - hello. My question is how much does all this equipment and this basic telescope cost to, you know, build and bring into operation?

Sue Ann Heatherly:
Okay.

Tom Dorsey:
Because we live in a very cloudy - if you know anything about Washington State...
Sue Ann Heatherly:
Sure.

Tom Dorsey:
...we are very, very isolated up here.

Sue Ann Heatherly:
Well if you wanted the whole kit and caboodle which is everything you need...
Tom Dorsey:
Yes.

Sue Ann Heatherly:
...including that tripod, it’s going to cost you 60 bucks plus shipping...
Tom Dorsey:
Ah.

Sue Ann Heatherly:
...from eBay.

Tom Dorsey:
Oh. (Unintelligible)

Sue Ann Heatherly:
And this is a dealer guy. It’s a guy that just sells these RV kits.

Tom Dorsey:
Okay.

Sue Ann Heatherly:
And that Web site is listed in the handout there.

Tom Dorsey:
All right. I’m not - I live aboard a small sailboat out here. And I don’t have - and I am not computer literate. But many of our members are.

Sue Ann Heatherly:
Okay.

Tom Dorsey:
And I can certainly pass this on to the other club members.

Sue Ann Heatherly:
All right. Very good.

Tom Dorsey:
Thank you.

Sue Ann Heatherly:
You’re welcome.

Tom Dorsey:
Thank you very much.

Sue Ann Heatherly:
You’re welcome.

Kenneth Frank:
Okay. Well Sue Ann, what a wonderful, fun teleconference this has been.

Sue Ann Heatherly:
Well great. I enjoyed it. And please everyone do feel free to e-mail me if there are questions out there that we didn’t get to tonight. I’m happy to answer them.

Kenneth Frank:
And you did say something about...
Sue Ann Heatherly:
Yes.

Kenneth Frank:
...posters, correct?

Sue Ann Heatherly:
That’s right. Thank you all so much for calling in. Because you did so, I’ll be sending you a poster. It won’t have the itty bitty on it. It’ll have the great big telescope on it. But I’ll send you a poster out there for your club.

Kenneth Frank:
Well that’s really great. Thank you so much, Sue Ann.

Sue Ann Heatherly:
Okay.

Kenneth Frank:
And we want to - oh. Go ahead. Sorry.
Sue Ann Heatherly:
Go ahead. That’s all right.

Kenneth Frank:
We want to remember for you guys to tune in on our next telecon which is Thursday, December 11, for the IYA 2009 kickoff with doctors Andrea Schweitzer and Doctor Steve Pompea. All right.
Sue Ann Heatherly:
All right. Goodnight everybody.

Kenneth Frank:
Goodnight everyone. And thanks for calling in. I guess that’s it.
Man:
Yes. That’s it. And Vivian, you have a good evening, too.

Vivian White:
Thank you so much. That was wonderful.

Man:
(Unintelligible) I love that. You got to teach me how to use texting from my cell phone.

Vivian White:
Absolutely.
END

