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Introduction
This resource brings together topics from two Physics National 5 units:
· Dynamics and Space, where learners study the telescope as part of the space technology section

· Waves and Radiation, where learners study light and the process of refraction.

This resource begins with the concept of refraction and build on it towards lenses. This is then applied to the practical example of the telescope, which links to the Dynamics and Space section, and culminates with learners designing and making their own refracting telescope.
As a follow up to this, the practical examples of refraction are introduced in more detail based on the ray diagrams draw during the experiment. Using the example of the fisherman and a fish that is discussed in the text, learners should explain why a treasure chest appears higher in the water than it actually is. This can lead on to a discussion about the potential dangers of pools of water, where the bottom of the water looks to be closer to you than it actually is, ie the water is deeper than you think.
Refraction of light
This section reviews the process of refraction of light. It can be used to teach the topic, but also works as revision, with an experiment to reinforce the concept. 
Learning intention
Describe refraction of light and explain how refraction can trick the eye and cause optical illusions.
Through experiment, demonstrate that the angle of refraction is always smaller than the angle of incidence, ie light always bends towards the normal when entering a glass block.

Suggested activities
This section can be started with a discussion about refraction, perhaps talking about the formation of a rainbow as a real-world example of refraction in practice. An optical illusion can be used as a starter, with a coin glued to the bottom of a mug: learners should stand so they just see the edge of the coin. When water is added to the mug, the coin becomes more visible. This is because the light rays from the coin are being refracted at the water–air boundary and the bending tricks the eye.
This can lead into an experiment to show the refraction of light, where the key point is to highlight that light bends towards the normal when it is shone from air into glass. 
Take-home message
The main take-home message here is that light slows down and changes direction on going from one medium to another and this process is called refraction. This can then be applied to practical situations, resulting in optical illusions.

Lenses
This section investigates one primary application of refraction: lenses. These are key to the working of the refracting telescope, and this part of the investigation gives learners the opportunity to put refraction into practice and discover how the lenses they will be using to make a telescope work in practice. 
Learning intention
Describe the shapes of convex and concave lenses, and explain their effects on rays of parallel light.
Demonstrate through experiment how triangles and rectangles can be used next to each other to form the basic shape of convex and concave lenses.
Use ray diagrams to show where a convex lens forms the image of an object, both real images and virtual images.

Suggested activities
This section begins with a discussion about the different shapes of lenses. Either a staff-led demonstration or an experiment where learners use different shapes of lenses can be carried out to show the effects of lenses on rays of light. This is then extended in an experiment for learners to use triangular prisms and rectangular blocks to form the basic shape of lenses and see how the shape of the lens affects the path of the ray of light. 
The power of the lens is then considered and an experiment involving convex lenses of different thicknesses can be demonstrated or carried out by learners to see how the lens power changes with thickness and the effects of this on the focal length. 
The use of ray diagrams is then introduced to learners. This is a key section as the discussion of how a magnifying glass and telescope work relies heavily on the ability to draw accurate ray diagrams. This is described in detail in the learner resource, with examples for learners to try to reinforce the idea. Ensure suitable scale and accuracy when drawing ray diagrams, and as with all ray diagrams, a ruler must be used.
Take-home message
There are two main types of lens, concave and convex, and they affect rays of light entering them differently. A ray diagram can be used to find the position and type of image that is formed of an object by a convex lens.

The magnifying glass
This is the first of two sections that builds towards an explanation of how a telescope works. It relates specifically to the eyepiece lens which acts like a magnifying glass. 
Learning intention
Find the focal length of a convex lens using a lens, screen, far object and ruler.
Use ray diagrams to show how a convex lens can magnify an image. Compare the effects to results seen in practice to explain how a magnifying glass works. 
Suggested activities
This section begins with a simple experiment to find the focal length of a lens – hold the lens up to a screen and measure how far away the lens needs to be to produce a focused (upside down) image. A justification of why this experiment works for distant objects can be researched by learners based on their ray diagrams for the convex lens in the lenses section above. Ensure learners note the focal length of the lens they are using.
The next experiment involves using the lens as a magnifying glass. Learners hold the lens at different distances away from the object to magnify it and compare the relative sizes of the object. They should find that the largest object is found when the lens is held just under one focal length away from the paper. Beyond this the image goes out of focus and is upside down. 
Learners then use ray diagrams to justify the results they are seeing experimentally, essentially showing a ray diagram producing an upright and magnified virtual image versus an inverted and diminished real image. 
Take-home message
A magnifying glass is a convex lens that produces a virtual, upright and magnified image of an object. The object must be closer to the lens than one focal length in order for it to be magnified. This can be justified by both experiment and ray diagram. 
The refracting telescope
This section puts all of the knowledge on lenses and refraction into practice. The application here is the telescope, linked to space technology. 
Learning intention
Describe how a refracting telescope forms the image of a distant star, using ray diagrams to support the justification.
Design and build a refracting telescope using two convex lenses and cardboard tubes.

Suggested activities
Building on what learners have learned from magnifying glasses, this section begins with a discussion about how the refracting telescope forms an image. Learners can use their knowledge and the ray diagram to help build their own telescope. The length of the telescope is key: it will be equal to the sum of the focal length of the lenses used. This is because the objective lens forms an image one focal length away, and the best distance to hold a magnifying lens away from an object (or image) to be magnified is approximately one focal length. Learners should use this key concept to design their refracting telescope.
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