ASTC/AFGU Galileoscope Course

Welcome to the Galileoscope online course.  In this interactive course, we will give you the background necessary to use Galileoscopes in your outreach programs.  You will learn about how telescopes work, how to assemble a Galileoscope, and how to observe celestial objects with your Galileoscope.  

The Galileoscope has been developed by a dedicated team of astronomers, engineers and educators for the International Year of Astronomy (IYA).  The goal is to create a low cost, high optical quality telescope kit the people can use to recreate Galileo’s historic observations. The Galileoscope can reveal craters on the Moon, the phases of Venus, the Moons of Jupiter, the rings of Saturn and many other celestials delights.

In this course, you will learn about the optical design of a telescope.  You will learn about image formation, focal lengths, magnification and resolution among other topics.  The course will consist of online exercises and discussions as well as hands-on activities you will be asked to do with your Galileoscope.

Lesson 1: Refraction

In order to build a telescope, microscope or other optical device, we need to manipulate light.  We need to be able to collect light and change its direction of travel in order to create the types of images we need.  These activities will explore how we can use different substances to change the path of  a beam of light.

1.a.  The Broken Pencil

What You Need

- a clear glass filled about ¾ full with tap water

- a pencil

What to do

Place the pencil in the glass of water. The bottom of the pencil should be in the water and the top of the pencil should not be in the water (you may need to use a longer pencil or empty some water out of your glass).  Look closely at the pencil from the side of the glass.  Pay particular attention to surface of the water.  Now look at the pencil from above and record your observations under the Broken Pencil Assignment.
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1.b.  Why Did the Pencil “break”?

You should have observed that the pencil appears to “break” at the air-water boundary as shown in the picture at the right.  In this picture, the bottom part of the pencil appears shifted to the right relative to the top.  Why does this happen?


We are going to explore this phenomena through the use of a Physlet (a Physlet is a nickname for a small computer program called an applet that illustrates a physics principle, hence Physlet). We will use the Refraction of Light Physlet to explore and answer the following questions.
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Before we get to the Physlet, we have to define the concept of a normal line.  In physics, we always measure angles with respect to the normal.  The normal line is a line perpendicular to a surface.  The normal line is labeled in the picture on the left.  The diagram depicts a beam of light moving through the air and striking the air-water boundary.  Some of the light gets reflected and some passes into the water.  You can change the angle the light approaches or even change the substances from air and water to other combinations.  Let’s stick with air and water for now since that is what you just did.   

Going Further

Get a second clear glass and pencil.  Fill the glass about ¾ full of sugar water (try to get the level about the same as the first glass).  Dissolve as much sugar as you can in the water (HINT: Try hot water.  Sugar dissolves more easily in hot water.  You might even try distilled water if you have trouble dissolving sugar).  Compare the two glasses side by side.  Do you notice a difference between the tap water and the sugar water?
Lesson 2: Assembling the Galileoscope

You will need a Galileoscope for this series of activities. As you put together the Galileoscope, you will stop and do some experiments with the lenses along the way. These experiments will show you how a telescope collects and magnifies light to produce the images you see.
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The Galileoscope has been developed by a dedicated team of astronomers, engineers and educators for the International Year of Astronomy (IYA). The goal is to create a low cost, high optical quality telescope kit the people can use to recreate Galileo’s historic observations. The Galileoscope can reveal craters on the Moon, the phases of Venus, the Moons of Jupiter, the rings of Saturn and many other celestial delights.

Although this Galileoscope is similar in aperture to what Galileo used, the optics are much better than were available in Galileo's time. The Galileoscope is designed for modern observers to recreate Galileo's historic observation. You can see craters on the Moon, the phases of Venus, the moons of Jupiter and the rings of Saturn as well as some of the brighter star clusters and nebula. For more information on observing, see the Galileoscope Observing Guide. 

The Galileoscope is a build-it-yourself telescope kit. No tools are required, and it can be taken apart easily after assembly.

In addition to following this tutorial, you may also want to follow the assembly instructions posted on the Galileoscope website. They are available as a 7-page English language document (433kB - click to download) and as a 21-page pictorial document (3.8MB - click to download) that works for any language, since it is only images, no text!

To get started with this lesson, unpack your Galileoscope, but don't put it together quite yet. You will learn how to assemble the Galileoscope as well as use the lenses in some optics experiments along the way during the lesson. Click the button below to start the lesson.
Finding the Focal Length of the Objective Lens

Carefully unpack the contents of the Galileoscope box. If you have a lens cloth handy, you can use it to handle the lenses. You will find the large glass objective lens inside foam to protect it during transit. Carefully remove the lens. Be sure to handle lenses by the edges to avoid getting fingerprints on them.

Our first experiment will be with the objective lens. The objective lens has a diameter of 50mm. If you look closely, you will notice that it is made of two lenses glued together. This design, called an achromatic lens (or achromat for short) reduces color fringing in the image.

You are going to try to project an image using this lens. You will need an index card or sheet of white paper and a ruler or tape measure. Find a room with a nice window and turn out the lights so it is darker inside. Hold up the lens in front of the paper and look at some distant objects outside (such as trees across the street). Move the lens back and forth until you see an image form of the scene outside on the paper. When you get a clearly focused image on your paper, measure the distance from the lens to the card. Record this distance. Now carefully examine the image. 

Record your observations by answering these questions on the box below:

1. What is the distance that you measured between the lens and the card?

2. What do you notice about the image? Anything unusual?

Finding the Focal Length of the eyepiece

You should have found the distance from the lens to the paper is about 50cm (give or take a little for measurement uncertainties). This distance is called the focal length of the lens. When you focus the image of a very distant object, the image forms at a place called the focal point. The distance from the lens to the focal point is the focal length.

Now we are going to assemble the eyepiece and find its focal length.

Set out one half of the eyepiece assembly. Examine the eyepiece lenses. 
Two are flat on one side and curved inward on the other side. Two of the lenses are curved outward on both sides.
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Take one of each type of lens. Place the lenses together as shown in the diagram. It is best to handle the lenses with tissue paper to avoid fingerprints.
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Insert each of the eyepiece lenses you assembled into the slots of the eyepiece assembly. Be sure the flat sides point AWAY from each other (toward the outside of the eyepiece assembly). Insert the small thin ring (field stop) into the front of the eyepiece assembly.

Secure the top half of the eyepiece assembly to the bottom half with the rings on each end.

Repeat the previous experiment using the eyepiece lens. Record the focal length and your observations about the image.

Assembling the Galileoscope
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Now we are going to assemble your Galileoscope. You should have two long half-cylinders. Place one on the table (open side up) in front of you. You will notice a groove cut into the fat end. This groove is where you will place the objective lens. Examine the objective lens closely. You will see that it is two lenses glued together. One lens is thin at the edge. The thin lens points to the front of the tube, as shown to the left. 


The Galileoscope can be mounted to a tripod using the included nut. The nut is inserted into a slot on the bottom of the telescope, as shown to the right. Insert the nut into the slot (be sure to insert one of the points straight down...note the design of the slot).

Now we will assemble the focuser. Take the two halves of the focuser and put them together (notice how the tongue and groove fit together). Before securing the two focuser halves with the elastic rings, place the small telescope end cap over the focuser as shown in the picture below.
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Place the top half of the telescope body on top of the bottom half. Secure the two halves together with the small telescope cap on one end and the large cap/dew shield on the other end. 
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Finally, insert the eyepiece (which you assembled earlier) into the focuser.
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You still have some extra pieces for the Galilean eyepiece and Barlow lens. We will assemble them shortly. For now, take your Galileoscope and see if you can focus on a distant object, at least 30 feet away. Slide the focuser slowly in and out until you get a clear image. 

You might find it useful to steady the telescope. The telescope mounts easily to any standard camera tripod. If a tripod is not available, you might steady the telescope on the back of a chair.

Record your observations, answering the following questions in the box below:

1. What do you notice about the image? 

2. Try focusing on nearby and distant objects. Which way do you move the focuser to focus on a nearby object? Which way for a distant object?

3. Focus on a distant object. Measure the distance from the objective lens to the eyepiece. How far apart are they?

The Galilean Eyepiece

You just made a Keplerian Telescope. A Keplerian Telecope uses a converging lens for an eyepiece and produces an upside-down image. One of the advantages of a Keplerian design is that you have a very wide field of view.

Galileo used a diverging lens for his eyepiece. This arrangement is called a Galilean Telescope. You can make a second eyepiece to produce a Galilean Telescope and compare it to the Keplerian design.
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The lenses for the Galilean eyepeice are much smaller than the ones you used for the Keplerian eyepiece. Examine them closely. You will notice one has a flat side and a convex side (called a plano convex lens) and the other lens has both sides curved inward (called a double concave lens). Carefully place the two lenses together as shown in the diagram to the right.

Insert the eyepiece lenses into the slot in one half of the eyepiece body. Be sure the flat side points to the left as shown in the picture to the left. Once you have inserted the lenses, secure the other half of the eyepiece body with the ring and eyepiece cap.

Insert the Galilean eyepiece into the focuser (remove the Keplerian eyepiece if necessary). Try to focus on a distant object. Have patience and be sure to use the entire range of the focuser. The Galilean eyepiece focuses at a different spot than the Keplerian eyepiece.

Record your observations by answering the following questions in the box below:

1. How is the view different with the Galilean eyepiece? 

2. Do you find it easier or more difficult to use the Galilean eyepiece?

The Barlow Lens

So far, you have used a Plössl eyepiece and a Galilean eyepiece. There is one more way to configure the Galileoscope. With a simple modification, you can make a 2x Barlow lens. A 2x Barlow lens doubles the magnification of the telescope.

The telescope came with a Barlow tube (the only piece we have not used yet!) Take the Galilean eyepiece and remove the cap (but not the ring). Insert the Galilean eyepiece into the narrow end of the Barlow tube. Insert the Plössl eyepiece into the wide end of the Barlow tube. The finished assembly is shown in the picture.

Insert the Barlow assembly into the focuser assembly of your Galileoscope. Focus the Galileoscope on a distant object. Record your observations by answering the following questions in the box below:

1. Is the image right-side-up or upside-down?

2. How else does the image differ from other configurations?

Using the Galileoscope

Before you take the telescope out a night, you should practice a little on terrestrial targets during the day. You will find it much easier to use at night if you spend a few minutes setting up and using the Galileoscope in well-lit conditions.

The first thing you want to do is be sure you have a tripod for the Galileoscope. Any standard camera tripod will work with the included 1/4-20 nut. It is better if you have a relatively tall tripod to make it easier to observe objects high in the sky. You may want to have a chair with you so you can sit down. Sitting makes it easier to observe objects high in the sky.
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The first thing to do is find the focus point. Insert the Plössl lens. Look at a distant object, and slide the focuser in and out until you see a sharp image. Practice until you can find the focus easily (this will be more difficult at night!) Hint: Some people mark the tube with White Out once they have found the focus so they can find it easier in the future.

Next you will want to practice aiming the Galileoscope. Notice that there is a bore site on top of the Galileoscope that you can use to help find objects. Practice with the site during the day. Line it up on an object and look in the eyepiece to see how close you came. Practice this during the day until you get good at using the site.

Telescopes are always harder to use in the dark. There are fewer bright objects to focus on and sometimes you are tracking down objects that are not easily visible to the naked eye. You will find this practice pays off at night.

Going Out at Night

On the Teaching With Telescopes Web Site, you will find an Observing Guide for download.

The Observing Guide contains tips on observing including how to focus, how to choose an observing site, aiming the telescope, as well as what to observe, including many online tools to help you plan your observing sessions.

Start with a bright object such as the Moon. It is important to practice with easier objects first. You can check your local newspapers for Moonrise times and phases, but you may need star charts or a desktop planetarium program to find stars and planets. Stellarium is a good free program available for both Macs and PCs. You can set your location, time and date to see what is up at night.

A good first target is the Moon. After the Moon, you can try Saturn or Jupiter. Saturn's rings are a nice sight through the Galileoscope and you can easily track Jupiter's four Galilean Moons. 

The next step is to record your observations. You can sketch what you see through the eyepiece as Galileo did. The Observing Guide has a form you can use for sketching that provides a place for you to record the object, time, date, observing conditions, etc. 

Another option is to take photos through the Galileoscope. Using a normal digital camera held up to the eyepiece can produce nice photos. Computer webcams are also popular imagers. Either way, you probably will not be able to manually hold the camera to the eyepiece. I have successfully used a second tripod to hold the camera up to the eyepiece. Commercial adapters are available as well.

If you have questions about observing with the Galileoscope, or would like to share your experiences, sketches, or photos, please post them in our forums.

We hope you enjoy your Galileoscope!
