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Unit 6: Telescopes and Microscopes


Lesson 1 of 3: Lesson Plan:  ‘Peeping in at the windows of nature.’

Objective of the lesson

· To comprehend that the use of telescopes and microscopes opens up the worlds of the very large and the very small for us.

· To learn that there are simple patterns in nature which can be described mathematically.

Lesson Outcomes

By the end of this lesson most pupils will:

· Understand a relevant metaphor

· Explain that Fibonacci numbers may be revealed in the natural world
· Find spiral patterns in plants 

· Use a search engine to access a web-site and extract information
· Reflect upon what they have learnt and draw conclusions
Some will only:

· Find similarities and differences between a telescope and a microscope
· Explain that there are simple patterns in nature which relate to numbers
· Use the web for pictorial information
· State a personal opinion
Others will also:

· Relate Fibonacci numbers  to both very large and very small things in the natural world
· Extend their knowledge through exploration of relevant websites
· Draw reasoned conclusions from what has been understood
Key words for this unit

Telescope
microscope
astronomy
lens
magnify
Fibonacci numbers   
   pattern   
     sequence

Lesson Outcomes (Pupil friendly) 

By the end of this lesson I will be able to …find links betweens patterns in nature and number patterns and say what Fibonacci numbers are.

Resources needed

· For the Introduction: spectacles, hand lenses, and if possible a microscope, binoculars and telescope (or pictures of them.)

· Good posters of sunflowers and daisies may be found at www.Allposters.com 
· Resource Sheets 1 and 2, Worksheet 1 and Assessment Sheet

In the following lesson plan, information for the teacher is given in italic text. Suggestions for the teacher to address pupils directly are given in normal text.

Introduction / Starter activity / first thoughts

Have the following visual aids ready for the start of the lesson: a pair of spectacles; a hand lens; a microscope; binoculars; a telescope (or a picture of one).

Ask pupils: 

Can you divide these into pairs with one left over?

Pupil volunteers take turns. They should divide the items thus:

· binoculars and telescope make a pair because they make distant things look clearer;

· the hand lens and microscope make a pair because they make small things look bigger;

· the spectacles are the odd one out because they fit either group – short-sighted people wear them to make distant things clearer, and long-sighted people wear them to make near things clearer. 

What do they all have in common?
They all have at least one lens. A lens is a piece of plastic or glass usually in a concave shape to magnify what is seen.

Give all pupils access to a hand lens, and allow a few minutes for exploration. Sugar crystals are interesting for their cube shapes, which can be seen much more clearly through a concave lens. 

Main Activities

Activity 1

Read together Pupil Resource 1: Telescopes and Microscopes. Ask pupils to explain the meanings of the prefixes ‘tele’ and ‘micro’ and find other common words with these prefixes.

Written task: write what you think Robert Hooke meant by ‘peeping in at the windows of nature’. This is open to different interpretations but it likens nature to a house with humans outside it, looking in at something exciting.

Hot-seating activity: two pupils could also take on the rôles of Galileo and Hooke, explaining their inventions, how they work and how they open up the world to human understanding. Both scientists were Christians: can pupils explain how they interpreted their new knowledge as evidence of God’s design in the world? Other pupils could ask them questions and offer examples from the world of the very large and very small which Galileo could have interpreted as God’s design.

Activity 2

Pupil Resource 2 may be displayed and read through, or the teacher may like to present the material as a short discussion piece about pattern in numbers.

This leads into a computer based session based on the Pupil Worksheet. It is preferable to do this at this point in the lesson but if access to computers is restricted then it may be done as a lesson follow-up. Pupils explore the site and find interesting facts about plants connected to Fibonacci numbers.

Plenary / last thoughts

It would be good here to have a picture of a spiral galaxy and also some slime mould amoebas! Pupils should see the visual contrast between the huge galaxy and the microscopic amoebas, both following their own mathematical patterns through movement. If pictures are unavailable then this should be made clear verbally.

Pupils should then discuss the two points below.

Everyone who looks for number patterns in nature finds them just amazing! Microscopes and telescopes have made them look even more so. Pattern is observable throughout the universe whether we are looking at something vast like a galaxy or something tiny like an amoeba. 

Often groups of things work together to make spirals.

Nothing could be more different in size than a galaxy of millions of stars, and slime mould. You get slime mould growing in damp places, and it is made up of tiny creatures called amoebas. When the amoebas move they travel in a little crowd, and as they go they make elegant spiral shapes, just like the spirals on some sea shells and in some galaxies.

1. Can you explain why:

Looking at the spirals of tiny slime mould and the vast spirals in some galaxies, some people might say:

“It is so strange that we can see pattern throughout the universe in everything we look at – I wonder if these patterns were designed by God when the universe began?”
2. What is your view about the question above?  Mainstream and more able: Do you think that these patterns happened by accident or do you think they are some evidence of a Creator? 

Less able: Do you think that these patterns could have been designed by God as ‘basic building bricks’? Or not?

Differentiation / Extension

· Find Ian Alexander’s Natural Patterns Library by using an internet search engine. 

· Mainstream and less able: print the snakeskin and pine-cone tiling patterns and then draw a section from them in pen or pencil.
· More able and Gifted and Talented: on the same site, find some fractal patterns. Can you find out what sort of pattern a fractal pattern is? (a self-similar pattern at all scales).

· Use the web to find a microscopic picture of a diatom – microscopic algae with cell walls made of silica crystals, and symmetrical in design.

· Investigate six-side (hexagonal) shapes in nature. These include: the Giant’s Causeway; amethyst crystal; honeycomb; pine-cone (latter on Alexander’s website).

· Less able: experience symmetrical patterns using a kaleidoscope.

· Use your school’s digital microscope (which has up to 200 x magnifications). Collect images (eg of sugar and salt crystals, a human hair or a feather) and display them on the computer screen. Look for patterns in the images.

          Extension: make repeating patterns from the images using ‘Paint’.

Community of Enquiry debate:

When we talk about patterns in nature, or natural patterns, what do we mean by ‘natural’? The facilitator may suggest these sub-questions depending on pupil ages and abilities: 

· In how many ways do we use the word ‘natural? eg. ingredients in food or cosmetics (meaning healthy and wholesome); earth processes such as earthquakes and tsunamis (meaning: beyond our control).

· Is everything ‘natural’ in the end, as everything born, made or manufactured is made up of combinations of materials from the physical world? (Think – what, for example, is plastic made of?) Every ‘thing’ comes from and returns to the earth, as in the Biblical ‘dust to dust’. To go back further, are we all star-dust?

· In nature, patterns always come to an end (are finite) but in maths they can be thought of as going on forever (into infinity). Contrast the meanings of finite and infinite. Finite describes the physical world, infinite can describe the world of thought and/or the spiritual. Are the virtual creations of computers special cases?

Assessment

Use the assessment sheet.

Notes to teacher

The main focus of this lesson is on perceived patterns in nature and how they link to numbers.

Despite the huge variations in natural entities, living and non-living, their formation follows just a few simple basic patterns.

Pupils are introduced to the ‘argument from design’ which maintains that such patterns point to the presence of a Designer (God).

Interestingly, seemingly random movements by individuals may produce very ordered group patterns, as in the examples of spiral galaxies and slime-mould.

Some of these patterns have been revealed to us through the development of microscopes and telescopes. Science and theology alike wonder at the simplicity behind the apparent complexity of the world.

In the Introduction pupils sort various items which contain lenses.

In Activity 1 they read a piece on the development of microscopes and telescopes, and explore the metaphorical phrase ‘peeping in at the windows of nature’.

This phrase at once gives rise to a feeling of excitement that you are going to see something new and novel which you are not sure you should see and at the same time gives the impression of the alienation of humans from nature. The ‘peeper’ or onlooker is on the outside of nature’s house, distinct from it and not part of it. This perfectly reflects 17th century beliefs in the philosophy of mechanism and the spirit of the Protestant Reformation, both of which set man apart from, and above, the natural world. The existentialist ‘outsider’ tradition is a result of these beliefs, as is some people’s feeling of alienation from the natural world.

In Activity 2 pupils are introduced to the Fibonacci number sequence. They use a given website to find further information about Fibonacci numbers in nature, and complete a worksheet.

In the Plenary pupils reflect on two possible conclusions which may be drawn from the existence of Fibonacci numbers: a) that matter follows the same pattern-types throughout the universe; 2) that there may be a ‘Designer’ behind the patterns.

Pupils are encouraged to express their own viewpoints.

Useful websites

For the pupil:  http://csep10.phys.utk.edu/astr162/lect/galaxies/spiral.html 

gives clear examples of spiral galaxies.

http://antwrp.gsfc.nasa.gov/apod/spiral_galaxies.html shows Andromeda, our nearest galaxy and similar to our own Milky Way galaxy. It also shows a barred spiral galaxy and a grand-design galaxy with over 100 billion stars. Click on the images to enlarge.

For the teacher:  www.burningcutlery.com/derek/slime/models.html for models of slime mould spirals.

http://members.fortunecity.com/templarser/natsums.html 

This site is by Simon Singh (author of ‘Fermat’s Last Theorem’). It supports biomathematical explanations of patterns in nature, namely that intricate patterns will emerge spontaneously given the right starting conditions. Life operates by using DNA to create the right starting conditions – physics and maths do the imprinting.

Singh argues here that biomathematics is the reaction against the prevalent ‘worship’ of DNA and the belief that all aspects of life are governed by genes.

www.newscientist.com/article.ns?id=dn4823 contains images of giant icy spirals found on Mars polar caps.

Duration 
2 hours

Group
Years 4, 5, 6

Cross Curricular Areas
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Speaking and listening
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