Learning about Forces in the context of Floating and Sinking. (Teachers’ Notes) 







Alan Goodwin (alangoodwinuk@yahoo.co.uk)

(NB: These notes are intended for teachers who, with their pupils or in teacher-workshops, have shared in thinking about ‘floating and sinking’. The author has developed these sessions on behalf of the Royal Institution of Great Britain. To date – March 2008 – they have been shared with over 5000 pupils and their teachers in NW England and also formed the basis of a workshop for science teachers at the Fourth Conference – The Slovene National Institute – at Radenici, Slovenia in December 2002.)
Introduction:

Teaching in primary schools at present is circumscribed by the ‘requirements of the National Curriculum’ and the imposition of SATs. The current NC requirements for science relating to forces and motion are provided in Appendix 1. It should be noted that ‘floating and sinking’ are not now specifically mentioned although they provide a rich context in which to explore our understandings. 

The importance of ‘water play’ in our early scientific explorations ensures that floating and sinking are familiar to us all. Generally however, whether an object floats or sinks is seen as a property of the material of which it is made, indeed the NC itself seems to promote this ‘alternative conception’ at KS1 since pupils should be taught to:- 

“sort objects into groups on the basis of simple material properties  [
Hopefully, many of the ideas presented here will challenge and develop our own conceptions (we can not know all the answers) and help develop a convincing science story that:

· Provides opportunity for sensible and meaningful investigation of ideas and questions.

· Provides a context to explore the scientific belief that forces (pushes and pulls) usually come in pairs. Unbalanced forces change the motion and/or shapes of things – the speed, the direction, start, stop. (Any change in motion will be in the same direction as the net – resultant – unbalanced force.) Without forces, or if forces are balanced the object will remain stationary – or continue to move in a straight line with constant speed. 
· Provides links with everyday experiences and with other areas of the curriculum.

· Is intellectually challenging – and fun.
‘Floating’ and ‘Sinking’
Despite the familiarity with these processes it is amazing how difficult we find it to explain consistently what is happening (even to ourselves, even if we are grown up and have science degrees!).

The notes, which follow, give some insight into the way I have made sense of the topic and follow the contents of my talk.  They do not attempt to cover everything, so I hope they will:

-
give you some ideas for working and talking with your pupils

-
give you something more to keep ‘wondering’ about.

The words ‘floating’ and ‘sinking’ are not used consistently in everyday speech, so it is worth checking that for these purposes we are all using the same meanings.

‘FLOATING’ may mean that an object, such as a cork, stays on top of a liquid, such as water.  More generally when any object is submerged in any fluid (could be a liquid or a gas) it ‘floats’ if it tends to move upwards.  If the object tends to move downwards, then it is ‘sinking’.

(When we speak of a feather or a balloon falling through the air we sometimes say it is ‘floating’ down to the ground - really it is ‘SINKING’.)

If you imagine a cork that is floating on water it should be clear that it has also sunk in the air!

Forces involved?  An object (solid, liquid or gas) can sink or float whenever it is placed in a fluid (a liquid or gas).  Imagine a large quantity of fluid completely still inside a container.

[image: image11.bmp]


Now imagine a ‘ball-shaped’ amount of that fluid inside.




Since it is not moving the forces on this ball-shaped amount of fluid must be equal and opposite (or non-existent) in all directions.  It must have weight (gravity is pulling it downwards).  The rest of the fluid MUST be supporting it with a force, which is equal and upward.  This is called the UPTHRUST.

Now imagine that a real ‘ball’ (or bubble) is placed inside the fluid to take the place of the “ball-shaped piece”.




If the weight of this real ball is greater than the weight of the ball of fluid displaced, the downward force is greater and the ball will sink.
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If we know the exact volume of the object and the nature of the fluid (its density) then we can calculate the ‘up-thrust’ exactly.

This seems so obvious but it was years before I saw this - and I had been teaching about the topic in secondary schools for five years without having access to the idea in this way.  (I lost the idea in the word ‘density’.  It is true that an object will float if its density is less than the density of the fluid in which it is immersed, but the ‘forces’ are not obvious.  I simply learned, and taught, this rule.)

Of course, this was the idea, which Archimedes had in his bath.


That “when an object is immersed in a fluid then the object experiences


an upthrust equal to the weight of fluid displaced.”

(Since we live at the bottom of the atmosphere we actually appear to weigh less than we really do by an amount equal to the weight of air we displace.)

Complications (Real life)
It is fairly straightforward to see how ‘balls’ made of different materials will sink or float - say in water.  Cork, polystyrene foam, candle wax, wood will float and steel, glass, concrete will sink.

However, ships are usually made out of steel and concrete rather than wood.  They will float on the surface PROVIDED THAT THEY ARE ABLE TO DISPLACE A LARGER WEIGHT OF WATER THAN THEIR OWN WEIGHT.  (When a ship is floating on the surface, the weight of water displaced is exactly equal to the weight of the boat and its contents – but, for safety purposes, the ship must be capable of displacing even more water without allowing water to get inside and replace the air!) The shape of the object is clearly as important as the material of which it is constructed.  Most of the inside of a ship is air so although steel/concrete is much heavier than an equal volume of water, the total weight of the steel/concrete and air is equal to the weight of water displaced by the hull.

Safety: Ships are always designed to be able to displace a much larger weight of water than their fully loaded weight.  Do you remember ‘Plimsoll lines’ (sometimes called ‘load lines’) that are painted on the sides of all ships insured at Lloyds of London?
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(T=Tropical; F=Fresh; S=Summer; W=Winter; NA=North Atlantic; L=Lloyds.)

Why is it permitted to load ships to a lower level in the water when they are floating in warm and fresh water than when they are in cold salty water?

Things to investigate

1. 1. ‘Feel the UP-THRUST’: Using a large container partly filled with water – feel the downward force required to overcome the up-thrust and make an air-filled balloon sink below the surface. (The force required is surprisingly large so do not use too large a balloon! This can be quite ‘messy’ especially if the balloon bursts or you allow the water to overflow!)
2. ‘Measure the UP-THRUST’: If a sufficiently large set of scales (e.g. bathroom scales) is available it is possible to measure the up-thrust directly. Place the container with water in it on the scales, add the balloon – then push the balloon under the surface being very careful not to allow the balloon or any part of yourself to touch the sides or bottom of the container. If only smaller balances are available then measure the up-thrust when you immerse any suitable object in a container containing a liquid placed on the balance again being VERY careful that neither the object nor you actually touch the container or the balance. It is interesting to try to explain why the balance reading increases if, say, you immerse part of your finger in the liquid or even your fist if the container is large enough. (You must take care NOT to touch the container!) N.B. The up-thrust acts on the object – the increase in weight of the container is the ‘equal and opposite reaction force’ that Newton’s Third Law requires – see National curriculum appendix on Page 17. NB. Newton seems not to be mentioned.)

3. The Coke Can Puzzle: Try floating both a can of Coke and a can of Diet-Coke in water. Are you surprised? Can you explain it? (The answer is not directly connected to the calorific values of the contents – although children may be quite happy with such an explanation.) (Note: when I first found out about this the can of ‘diet’ floated in cold water and the other sank. It seems that the manufacturers have now changed the recipe or the size of the gas bubble in the can so both float. Interestingly, it now seems that in hot water – the experiment still ‘works’ (Hot water produces a smaller up-thrust than does cold.))
4.
The ‘eggsperiment’

Fresh water will float on salt solution and objects float ‘better’ in salt water. (Obviously? – Salt solution weighs more than the same volume of fresh water and therefore provides a greater up-thrust on an object immersed in it.))
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(P.S.  Bad eggs float in fresh water.)

To set up experiment 4(iii) it is important to pour in the salt solution first and then CAREFULLY pour in the fresh water down the inside of the container so that as little mixing as possible takes place. The more salt you have dissolved in the water the easier it is to get the fresh water to float.

Fresh water from rivers meets salty water as it runs into the sea. Since fresh water floats on salty water and the two take quite a long time to mix it would be more accurate to say that rivers run onto the sea and that the tide comes in under the river.

5.
How many marbles (pennies or paperclips) can you support on a boat made out of a certain amount of plasticene, which is floating in water? See if you can discover the main variables that determine which boat floats best. (Shape, thickness of hull, colour of plasticene etc?)

6.
It may be interesting to see whether THE SAME BOAT floating in strong salt solution will support more marbles or paper clips than it does in water.  (If you do this, do not keep your hands in contact with the salt solution for long - preferably wear rubber gloves.  The solution is not really poisonous (although it will make you sick) but prolonged contact can damage skin. Wash your hands well as soon as possible.

7. Making a ‘hydrometer’ from a plastic drinking straw.

Seal the end of a plastic drinking straw with a small piece of ‘plasticene’ or ‘blu-tac’ and then see if it will float in a container of water with the weighted end down. (The water must be deep enough so that the weighted straw does not touch the bottom.) Add or remove small pieces of the ‘weight’ until the straw floats with about 2/3 to ¾ of its length submerged in the water. Mark or measure the level at which it floats. (It should be clear how this relates to the Plimsoll line discussed above.)

The straw can now be used to test other liquids – try salt solution of different concentration. How well does it float in alcohol solution? (mix water with some methylated spirits)

8.
The Cartesian Diver
This can be made from an empty medicine dropper. First, adjust the weight of the diver so that it only just floats. Varying the amount of water inside the diver most easily does this. When the bottle is closed, pushing on the stopper or squeezing the sides of a plastic bottle will make the air-bubble smaller and the diver can be made to sink.




Air-bubble – in dropper
The diver must only just float in water


`


Can you make the diver stay still in the centre of the bottle? Can you invent a way of getting the diver to pick up an object from the bottom of the bottle?

9.
Dissolving Sugar lumps 


How is the speed at which a sugar lump dissolves affected as to whether the lump is placed at the bottom of a tube of water or supported near the top?
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10.      Sultanas in Lemonade
Simply drop four or five sultanas into a glass of fizzing lemonade (or any other transparent carbonated drink) and observe what happens. Initially the sultanas sink in the liquid – you can explain why? Small bubbles of gas (carbon dioxide) form on the surface of the sultana, which eventually begins to float upwards (Why?).  When it reaches the surface many of the bubbles burst and the sultana sinks again to the bottom. The process repeats – often many times.

The process can be observed if the sultanas are dropped into a freshly opened bottle of lemonade. If the top is replaced, fizzing stops as do the movements of the sultanas. Movement resumes if the top is removed. 

Note:
1. Fresh gooseberries can be used instead of sultanas.

2. Provided that appropriate hygiene is maintained there is no reason why the lemonade and the sultanas should be wasted. Enjoy them.

11.
Floating bubbles of air in carbon dioxide gas.
This is very much like the ‘eggsperiment’ where the egg floats half-way down the jar, but is, perhaps, even more surprising since it is not possible to see the carbon dioxide at all.

An easy way to partly fill a container with carbon dioxide is to generously cover the bottom of the dry container with ‘Liver-salts’ (use the cheaper ‘own-brand’ version) and then add water sufficient to cover them. Alternatively use powdered sodium bicarbonate or sodium carbonate crystals (washing soda) and then pour in sufficient vinegar or other dilute acid to react with the powder. A sheet of card or stiff paper placed loosely over the top will allow the carbon dioxide to push some of the air out but will also help stop the carbon dioxide from being blown away by draughts. When the fizzing has stopped allow a soap bubble blown with air in the usual way to float downwards (SORRY – sink) into the container. This sinks in air but floats in carbon dioxide and should stay at the invisible surface between the air and carbon dioxide. (This is not so easy in practice.)

12.
Light-house lenses: an interesting question.
In lighthouses the large glass lenses that control the light beam need to be able to rotate easily. They are very heavy – usually weighing more than 100kg. To enable them to be able to move easily they are often fixed in a support which is then floated in a container if mercury (This is a metal that is a liquid at normal temperatures. It is 13.6 times heavier than the same volume of water so things float very well in it. Unfortunately it is also very expensive and rather poisonous.)

A simplified cross section of a possible arrangement is shown in the diagram on the next page.

The weight of mercury needed to support the lens structure is around 5-10 kg. How can it be that an object can float in much less than its own weight of fluid?

(Clue: The supporting force or up-thrust is equal to the weight of fluid displaced and has nothing to do with the amount of fluid actually present. You can easily show this if you find two plastic drinking containers that fit closely one inside the other. Fill both of them about ¾ full of water and then – carefully – insert one into the other. Do this over a bowl or in a sink (or when you are having a bath!) since most of the displaced water will spill out of the outer container. You should find that the inner container of water still floats – even if you add a little more water to it. When you believe the inner container contains as much water as possible and yet is still floating, separate the two containers and compare the weight of water in the outer container with the weight of the inner container and the water in it.








A lighthouse mirror ‘floating’ in mercury

Post script

I should very much welcome some feedback as to whether you find this presentation useful for your purposes.

· Does it fit with the science in your Curriculum?

· Are these notes helpful to you?

·  Are there any ‘good ideas’ you would like to add?

Alan Goodwin

Version as at 15/03/08
APPENDIX:
1. Extracts from the Science National Curriculum (Physical Processes) for KS1, 2 and 3.

Appendix 1 Extracts from the Programme of Study (Physical Processes) from KS 1-3.

Forces and motion

Key Stage 1

2)  Pupils should be taught:
a)   to find out about, and describe the movement of, familiar things  [[image: image1.png]


for example, cars going faster, slowing down, changing direction[image: image2.png]


]  
b)  that both pushes and pulls are examples of forces

c)   to recognise that when things speed up, slow down or change direction, there is a cause  [[image: image3.png]


for example, a push or a pull[image: image4.png]


] .
Key Stage 2

2)  Pupils should be taught:
Types of force 

a)  about the forces of attraction and repulsion between magnets, and about the forces of attraction between magnets and magnetic materials

b)  that objects are pulled downwards because of the gravitational attraction between them and the Earth
	
	
	The distinction between Mass and Weight need not be taught




c)  about friction, including air resistance, as a force that slows moving objects and may prevent objects from starting to move

d)   that when objects  [[image: image5.png]


for example, a spring, a table[image: image6.png]


]  are pushed or pulled, an opposing pull or push can be felt 

e)  how to measure forces and identify the direction in which they act.

Key Stage 3

2)  Pupils should be taught:
Force and linear motion 

a)  how to determine the speed of a moving object and to use the quantitative relationship between speed, distance and time
b)  that the weight of an object on Earth is the result of the gravitational attraction between its mass and that of the Earth

c)  that unbalanced forces change the speed or direction of movement of objects and that balanced forces produce no change in the movement of an object

d)   ways in which frictional forces, including air resistance, affect motion  [[image: image7.png]


for example, streamlining cars, friction between tyre and road[image: image8.png]


]  
Force and rotation 

e)  that forces can cause objects to turn about a pivot

f)  the principle of moments and its application to situations involving one pivot
Force and pressure 

g)   the quantitative relationship between force, area and pressure and its application  [[image: image9.png]


for example, the use of skis and snowboards, the effect of sharp blades, hydraulic brakes[image: image10.png]


] .
Floats on salt solution but sinks in fresh water. What happens if you leave it undisturbed for a long time?
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