Hands on Science Activity
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The Returning Roller – A lesson in science skills


Focus:  

This activity is designed to help students think about working scientifically.  Suggestions are included to explicitly and critically analyse their creation of scientific knowledge.

Suggested National Curriculum Outcomes:  
Nature and development of science 5: Science involves testing predictions by gathering data and using evidence to develop explanations of events and phenomena
Physical Sciences 7: Change to an object’s motion is caused by unbalanced forces acting on the object

Preparation

Teachers should build a working model of the roller before fronting the class, and know how to make it work with some reliability.  DO NOT underestimate the importance of that last sentence.  There can be quite a trick to getting your roller to work reliably, and as all science teachers know, they must get their demonstrations to work for them before fronting a class with them.  There are few things more defeating to a science lesson than a demonstration that doesn’t work… 
Lesson Ideas

Invitation

Teachers can roll the roller as the article indicates, and have students suggest reasons as to why it is returning. You can try using a ‘magic click’ telling them that the roller can ‘hear’ you and magically returns.  Have them think of ways to test your theory. (Roll it without clicking, have someone else click their fingers etc).
Point out that the students are doing science by thinking of ideas and testing them.  This is what practicing scientists do in the community.  Scientists may not have all the answers, but are looking for new things to learn just like your students in class today.

Exploration

Have your students practice observing by watching; listen to the roller as it is shaken, or feeling it in their hands.  You might like to invite one student up to closely examine it (without opening it) and share with the class what they are experiencing.  (If you have previously introduced the idea, this can be an opportunity to remind students how observing is different from explaining observations.) 

Next students can be encouraged to generate explanations for the phenomenon of the ‘returning roller’, based on what they have observed.  Examples might be that the desk is on a slant, or that it has something to do with magnets and paperclips (or well trained mice).  Teachers can compliment student suggestions, and then ask them to generate ways to test their ideas just as practicing scientists do.  (Without opening the roller up).  Point out that this is the way that scientists use to generate their understanding of how the world works.

Eventually, opening up the roller will be the best way to test student ideas.  Remind them that this is a good way to do science (opening things up to see what they are made of); but that you need to make sure we do so safely and responsibly.  Open it up to reveal the weight and rubber bands (curiously, I’ve noticed that many students ignore the rubber bands as important evidence).  

Have them now try and explain how and why it works.  You may like to let them pass it round and examine it. Listen to their ideas and theories of how it works.  Reward science thinking and terminology, after all science is all about thinking of ideas and then thinking of ways to test them. You might like to give them a day or two, or give upper primary students the chance to try and build their own rollers before giving them the ‘formal explanation’ of how it might work.

Concept introduction

How it works


I often use this as an opportunity to show the need for imagination in science.  You need to imagine what is happening inside the roller while it is operating (unless you happen to have built a transparent one).


What happens to the weight as the container is rolling around?  Is it turning as the container does (It is moving along with the container, but is it turning around as well?)  When it is closed, can you imagine it not turning as the container does?  

So as the container turns, the weight moves but does not turn. What would this do to the rubber band?  It causes the elastic band to become twisted up.  This twisting slows the container down and pulls on the weight.  Eventually the rubber band begins to untwist and, since the weight is so heavy, it pushes the container in the opposite direction instead.  And presto!  The roller returns.

Why it works

Newton’s laws of motion can help here! As the container turns the rubber bands exert a small turning force (law 2) on the weight. But the weight is being pulled down by gravity, so instead of turning it just stays facing the same way. The rubber bands get tighter and tighter, exerting more and more of a force on the weight. But forces are always in pairs (law 3), so the rubber bands are exerting a force of the container as well, helping it slow down. Eventually the rubber bands are at their tightest, pulling on both the container and the weight. Generally the container is lightest, so it is the first thing to get moving (and the weight still has gravities help to stay facing the same way.) If there was nothing to stop the container it will role forever (law 1), unless, of course, the rubber band begins to get tangled up the other way…
You can also try describing the returning roller in terms of the scientific concept of “Energy”.  The kinetic energy of the original motion is transformed into elastic potential energy in the rubber bands.  The tension in the rubber bands produce a force which begins to turn the container in the opposite direction, as the elastic potential energy is transformed back into kinetic energy, and the container rolls back again.

Concept Application

What other examples of forces are there in your classroom?  Can you think evidence to support the idea ‘moving things keep moving unless acted on by a force’ when so many things in our daily lives slow down without constant pushing (cars, bikes, or toys, for instance)?  An idea called ‘friction’ will help here.

Students can build their own rollers using materials they bring to class (A good example of the technology syllabus).  Can they make one larger than your demonstration?  How about a transparent roller?  Have them sketch out careful plans before beginning.

Finally, I have a conundrum for you: if the earth is turning completely around in only 24 hours, and it really is as big a ball as scientists say it is, then the people at the equator would be moving at around 1700 Kilometers per hour!  Surely they would be squashed flat, and the wind rushing past would rip everything to pieces!  Yet they can walk around the tropics as happy as can be without noticing a difference.  Can you give me an explanation for this? (Earth is turning!  Bah, Humbug!  It certainly doesn’t feel like it is turning to me!  Why…?)

Assessment Ideas

You may like to assess students on the effectiveness of their returning rollers (ie, do they return), but this may be more appropriate as a hurdle requirement.

Summative: Have students make posters or oral presentations that explain how and why the roller works, using current scientific terminology. Be sure to reward them for any effort they put into understanding their explanations (not just repeating yours!) 

Formative: Students can prepare learning journals of how they learnt about how the roller works, and how their ideas have changed as they explored and thought about it.

Building the Returning Roller

Caution:  

When allowing students to construct their own rollers, safety concerns need to be taken into prior consideration.  Be wary of sharp knives and snappy rubber bands.  Also, students need to be persistent; the rollers can be fickle toys (relying on just the right density weight, thickness of rubber bands etc etc etc!)

Materials:  

· A cylinder at least 10cm wide and 10 centimetres long… or thereabouts.  I find large postal rolls do just fine!  

· A small, very heavy weight: a nut from an aeroplane, a solid rock, etc.

· Some strong elastic bands, but not too thick: 2mm will usually do.

· Two paperclips or paddle pop sticks.

· Construction materials: sharp knife, tape, etc

· Perhaps some decoration materials: paper, paints etc.

Building the roller

1. Attach the elastic bands to the weight (being sure to leave enough slack to attach the bands to the cylinder walls next step).  Some creativity is required here.  You can wrap the elastic bands around the weight and secure the whole lot with a third elastic band.  The bands need to be just a little tight for the best results
2. Cut some small slits in the center of either end of the cylinder.  Thread the elastic bands through, and keep them there with the paper clips (or paddle pop sticks).  Your roller should now have a weight suspended by rubber bands inside a cylinder.  It is important that the weight does not touch the sides of the container. It is important that the paperclips are fixed to the container or the rubber bands will not transfer their spin properly.  (I use paper clips because the rubber bands sometimes need replacing, but you might find something that works better.)

3. Decorate to your hearts content.  Well, nearly.  The roller works better with smooth, round walls: cupcake holders are not conducive to this effect.


Help to make it work.

· The roller may require some winding up ‘top away from you’ in the same direction that you intend to roll it.  This can be a delicate art: you need to feel the roller just gently trying to roll back.  Too much, and the elastic bands unwind by themselves as the weight is spun around wildly inside.  Too little and the roller rolls away and is too 'tired' to return.  Each roller will be an individual with their own personal requirements to get motivated.
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