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Overview

Key questions

To develop understanding of the key scientific principles of the group of attainment targets.

· What are the causes and effects of gravity?

· What are the effects of balanced and unbalanced forces?
Key ideas behind the key questions

· All objects exert a force of attraction on each other. It depends on the masses of the objects; the more massive the objects the greater the force of attraction. This force gets smaller as the objects move further apart. 

· There is a region of space around any object which is called a gravitational field. An object placed within this field will experience a force of attraction. The gravitational field strength (given the symbol g) is the force that would be experienced by a one kilogram mass placed at that point in the gravitational field. 

· The Earth, like any object, attracts other objects towards it. This force is due to the mass of the Earth and is called weight. The gravitational field strength on the surface of the Earth is usually taken as 9.8 N/kg. For ease of calculation it is usually taken as 10 N/kg. This means that on Earth an object of mass 1 kilogram will weigh 10 newtons (10 N) and an object of mass 2 kilograms will weigh 20 newtons (20 N) (newton being the unit of force).

· The bigger gravitational force on the more massive object will provide the same acceleration as the smaller force on the less massive object (in the absence of other forces such air friction).

· 'Weigh' means experience a force of attraction. 

· Other planets and our moon have different masses; the gravitational field strength on their surfaces will differ and therefore the weight of an object will differ although its mass will remain the same. 

· The weight of an object can be calculated using the formula W=mg where W is the weight (measured in newtons), m is the mass (measured in kilograms) and g is the gravitational field strength (measured in newtons per kilogram).

· The ‘natural’ behaviour of an object is to be at rest or move at steady speed in a straight line and this reluctance of an object to change motion is related to its mass (inertia).

· An object will accelerate if acted upon by an unbalanced force. Acceleration need not only involve a change of speed; it may also involve a change of direction, i.e. an object moving at steady speed in a curved path is accelerating! The value of the acceleration is greater the bigger the unbalanced force. The value of the acceleration is smaller the bigger the object’s mass. The acceleration is in the direction of the unbalanced force.

· If the forces acting on an object are balanced the object will remain at rest or move at steady speed in a straight line.

· Forces are often represented by arrows: the length of the arrow represents the value of the force and the arrow points in the direction in which the force is acting/being applied.

Related science concepts already covered

It is important to build on pupils’ prior learning.

The activities in this group relate to:

· Group 7: Forces

· Group 16: Friction and Air Resistance

Future learning

This allows teachers to set the scene for future learning.

· Standard Grade Physics: Transport and Space Physics

· Int 1 Physics: Unit 5 Movement

· Int 2 Physics: Mechanics

Attainment targets

	Attainment outcome – Energy and Forces

	Group 31 – Forces and Gravity
	Strand

	Describe the relationship between the Earth's gravity and the weight of an object. EF-D3.2
	Forces and their effects

	Describe the effects of balanced and unbalanced forces. EF-E3.1
	Forces and their effects

	Distinguish between mass and weight. EF-F3.1
	Forces and their effects

	Name the newton as the unit of force and explain its relationship to mass. EF-F3.2
	Forces and their effect

	Explain how gravity on other planets and the Moon affects the weight of an object. EF-E3.2
	Forces and their effects

	Distinguish between gravitational potential and chemical potential energy. EF-F2.1
	Conversion and transfer of energy

	Describe the relationship between force, area and pressure. EF-F3.3
	Forces and their effects


Teaching and Learning

Finding out pupils’ present understanding

Use of objects/items, concept cartoons and/or ICT are approaches which can be used to find out pupils' general misunderstandings.

1: True/False

True/false/don’t know

Pupils are asked to group statements into the three categories. Some of the statements are not necessarily true or false but depend on circumstances, for example things that go up won’t come down if they have been fired upwards at a speed greater than the escape velocity. 

The questions or issues raised in discussion can be followed up during the teaching of the key ideas and the statements could be returned to later as a follow-up activity to check whether pupils' understanding has progressed. 

Examples

· There is no gravity on the moon.

· Heavier objects fall faster than light objects.

· You have no mass in space.

· An astronaut in an orbiting space station has no weight.

· A ball thrown up from the Moon with the same force as on the Earth will go higher.

· Your mass is less on the Moon than on the Earth.

· Your weight is less on the Moon than on the Earth.

· Things that go up must come down.

· The Moon orbits the Earth because of gravity.

2: Concept Cartoons

11.1 Bungee Jumpers; 11.2 Falling; 11.4 Hot Air Balloon; 11.7 Football; 11.8 Space Rocket; 11.11 Space Walk; 11.12 Moon Rock

3: Voting on responses

Various statements are presented to the pupils and they are asked which statement they agree with. This could be done anonymously and recorded for later follow-up.

Examples

· There is gravity on the Moon. There is no gravity on the Moon. There is gravity on the Moon but it is stronger/weaker than gravity on the Earth.

· Heavy objects fall faster than light objects. Light objects fall faster than heavy objects.

· Heavy and light objects fall at the same speed.

Pupils’ general misunderstandings

· Massive means big. That is, physical size is being equated to the object’s mass. 

· Heavy objects fall faster than light objects.

· There is no gravity on the Moon.

· There is no gravity in a vacuum.

· There is no gravity around planets that do not have an atmosphere.

· Astronauts in a space shuttle have no weight; they don’t experience gravity and this is why they float about.

· What goes up must come down.

· You have no mass in space.

· Mass and weight are the same.

Strategies for teaching key ideas

The activities set out below give possible teaching strategies which will challenge the pupils' misunderstandings.

Gravity and the association between mass and weight are difficult concepts and it is important to use continual formative assessment by asking open-ended questions, asking the pupils to explain ideas and using some of the strategies mentioned above. The pupils will already have their own ideas of gravity and the initial activities used to establish prior learning will highlight particular areas to cover.

1.
The following activity can be used as formative assessment, allowing the pupils to contribute by asking them questions and asking them to explain.

(a)
Use a newton balance to pull different objects to establish that a newton balance measures force. Hang different objects from the newton balance to demonstrate that a force must be pulling down on the objects and relate this to gravity. Establish that this gravitational pull can be called weight and is measured in newtons.

(b)
Pupils measure the weight of standard masses using a Newton balance. The results can be plotted on a line graph of weight vs mass using IT. This graph should show that the greater the mass the greater the weight and that they are in fact directly proportional. At this stage it can be explained that if you double the mass, the weight doubles. This can also lead to the observation that the weight is approximately 10 times greater than the mass. The pupils can be encouraged to figure this out for themselves. 

(c)
The pupils can be introduced to the concept of gravitational field strength and how mass and weight are related using the formula w=mg (weight = mass x gravitational field strength) where w is measured in newtons, mass in kilograms and g =10 N/kg on the surface of the Earth. This can then be linked to other planets and the Moon, and pupils can calculate their weight on different planets. 

2.
Throughout this group of attainment targets pupils will be encouraged to understand the difference between mass and weight. One way is to ask questions such as: 'What would happen to your weight if you went to the Moon?' 'What would happen to your mass?' Get them to explain the difference between mass and weight. Get two sets of balances, one that measures in kilograms and the other that measures in newtons – discuss these; what would happen to the readings on each if you were on the moon – give a value. Ask them why your weight is less on the Moon.


Extension challenge for more able pupils, which relies on the pupils developing the notion that the ‘natural’ behaviour of an object is to be at rest or move at steady speed in a straight line and that this reluctance of an object to change motion is related to its mass (inertia) – if objects in space are ‘weightless’ how could you demonstrate that the objects may have different masses?

3.
Ask pupils if there is an atmosphere on the Moon and how this affects the gravity. A fun introduction to discuss misconceptions is an excerpt from the Nick Park’s Wallace and Gromit animation A Grand Day Out when they first land on the Moon. Apart from the fact that Wallace goes to the Moon because he believes it to be made of cheese(!), their lack of spacesuits would imply that there is an atmosphere on the Moon and Wallace throws up a ball (not at any significant speed) which does not come down and yet they are able to walk on the surface and not float off. This can lead on to a discussion of the effects of being in a place with different gravitational field strength. The pupils could be asked to imagine how they would feel on other planets in terms of weight, walking/jumping, height (taller/shorter).

4.
It is interesting to consider whether objects fall at the same rate. Intuitively people think that heavier objects will fall faster than lighter objects. An experiment can be devised where two balls of identical volume but different mass and therefore different weight are dropped from the same height. The tine taken to fall could be measured with light gates if the equipment is available. The experiment can be repeated with two identical A4 sheets of paper; one flat and one crumpled. In this case it is not necessary to measure the time of fall as the difference is obvious. This can lead to the discussion of air resistance and can link in to parachutes and balanced and unbalanced forces. A useful video clip at this stage is to show Apollo 15 astronaut Dave Scott on The Moon dropping a feather and a hammer. Apparatus called 'Guinea and Feather' is available from Scientific and Chemical Supplies Ltd. 

5.
Pupils can whirl a bung around their head on a piece of string to understand that a force is necessary to keep the bung going round (pull of the string) and that without this force the bung would shoot off. The concept that both the astronauts and space shuttle are in free fall (because of gravity) is quite difficult to understand and can be explained using diagrams of a projectile fired from a high surface of the Earth will be the same as the rate at which the Earth is curving away so the projectile will go into orbit. An interesting problem-solving idea is to use clips from a video Toys in Space which looks at the effects of 'weightlessness' on certain toys: juggling with three balls is particularly interesting – although great care needs to be taken not to reinforce misconceptions and the pupils would need to explain their understanding and could predict what might happen before they see the clip. Toys in Space was produced by the Armagh Planetarium. College Hill, Armagh, Northern Ireland (Tel: 0861 5244725).

How do we know that understanding has progressed?

Pupils describing ideas

· Pupils describe the motion of an object experiencing balanced forces.

· Pupils describe the motion of an object experiencing unbalanced forces.

· Pupils describe the motion of a parachutist free-falling and the opening of a parachute.

· Pupils describe why people are encouraged to wear seat belts.

Pupils presenting ideas

· Pupils using PowerPoint or similar present ideas about gravitational forces on different planets

· Pupils display and explain the effects of balanced and unbalanced forces.

· Pupils present data from a series of experiments illustrating the effect of the unbalanced force on an object.

· Pupils display a chart/poster showing the forces on a parachutist while falling to the ground – before and after opening the parachute.

Checking questions

· What happens to an object if the forces on it are balanced?

· When you are sitting on a chair what forces does your body experience?

· What will happen to an object if a large unbalanced force acts on the object?

· In which direction does the force of gravity act on people living in Scotland, Australia and at the Equator?

· What does ‘terminal velocity’ mean? 

· What do you understand to be the difference between mass and weight?

· Which unit is used for forces?

Pupil explanations

· When cycling why do you have to pedal to keep moving?

· Why do heavy objects fall as quickly as light objects (in the absence of air friction)?

· How would you explain to a friend that an astronaut stays in orbit because of gravity not because they are weightless?

· Explain why you think a stretched spring can be used to indicate the size of an applied force?

Reflective questions

· What did you enjoy in this topic?

· What did you learn in this topic that you found surprising or unusual?

· What did you find difficult in this topic and how did you overcome this difficulty?

Key words

Pupils begin to use the following words correctly within a scientific context.

Gravity, gravitational force, force of gravity, gravitational field, gravitational field strength, mass, weight, kilogram, newton, acceleration, constant speed, balanced, unbalanced, terminal velocity

Effective use of ICT

A motion sensor can be used to capture real movement with balanced and unbalanced forces. The data captured can be used to challenge pupils' understanding of balanced forces, accelerations and steady speeds.

Animations/simulations of parachutist free-falling then opening his/her parachute. Using the animation/simulation pupils can be encouraged to discuss the motion in terms of forces: force of gravity and air friction. Force arrows may be added to the diagram showing direction and value of respective forces.

Useful web links

This site is useful for showing what people would weigh on different planets, keeping in mind that mass remains constant:

http://library.thinkquest.org/27585/lab/sim_surface.html 

This site is useful for showing the interconnection between kinetic energy and gravitational energy. The calculations are beyond 5–14 but the graphical display is enough.

http://library.thinkquest.org/27585/lab/sim_trampoline.html 

These URLs link to a QuickTime movie of astronaut Dave Scott carrying out his famous ‘Hammer and Video’ experiment:

http://nssdc.gsfc.nasa.gov/planetary/lunar/apollo_15_feather_drop.html 

www.solarviews.com/cap/apo/apo15g.htm (This is a smaller file so quicker to download.)

Homework activities

Pupils ask a question of interest to them relevant to the topic and research the answer. Then they report back to class in any chosen format, for example spoken, written, drawing (e.g. poster), PowerPoint.

Pupils can be given tasks to research, for example: the effects of being in space, for example on height, other physiological effects, with toys (e.g. how would you juggle in space?), on time.

Galileo’s Letters

Teacher’s notes

Here is a resource which combines the history of science with a literacy task. The real value lies in the explaining of ideas. Children might be encouraged to work in small groups to prepare Galileo’s responses or just one response. Collaboration will ensure discussion and the exchange and re-formation of ideas.

Pupils are to reply to letters received by Galileo. Each of the letters covers a different astronomical concept. The tension between Galileo and the Church is well documented. This activity allows you to share some of the history of science with pupils in an interactive way.

Key points to consider are:

· It is important not to just accept a scientist’s opinion without challenge. Their viewpoint has to be supported with strong evidence.

· Other people’s opinions are important and should also be heard. Scientists often build their work on the experiences of others – Galileo was building on the work of Copernicus just as Newton developed the work of Galileo and others.

· There are many instances in the history of science where scientists argued against each other. The argument often helps the development of science as people find new experiments to find evidence to support their theories.

· International/cultural contributions to science, for example here is an Italian basing his ideas on the work of Copernicus, who lived in what is now Poland.

· Sketches and diagrams can help simplify explanations.

The scene is set something like this:

Your name is Galileo. You live in Italy and teach science at the University of Padua. You have concluded from your experiments and from others that the Earth is not flat and that the Earth goes around the Sun, i.e. the Earth is not the centre of the Universe. Many people do not agree with you. Your task is to explain and convince others that your scientific explanation is correct. You may wish to help explain your ideas with diagrams.

The year is 1612 and you have just received some post which challenges your scientific thinking. How are you going to reply to the writers so that the writers begin to understand your scientific reasoning?

15 Vatican View

Padua

Professor Galileo Galilei

14 September 1612

Dear Professor Galileo,

I enjoy reading your science column in the Padua Times. It is my favourite column. However, that said, last week I had difficulty believing your article. You seemed to suggest that the Earth is not flat but round like a ball. I fear on this occasion you must be wrong. Surely people living on the lower part of the ball would fall off. My sketch illustrates what I think would happen with a round Earth. I am convinced the Earth cannot be round. 

[image: image3.jpg]Yours confused,

Reshma Sagredo 

4 Napoli Gardens

Padua

Professor Galileo Galilei

14 September 1612

Dear Galileo,

At dinner last week you suggested a new idea. You proposed that the Earth was turning like a spinning ball. You also suggested that this new theory would explain night and day. Well, I have thinking about your idea and I just cannot agree with you.

If the Earth was turning like a spinning ball then anything thrown straight up into the air would never return to the same place, as the Earth spins below the object. Birds would tale off and be swept away forever as my diagram explains. Not only that, you have forgotten to mention the fact that the Sun travels across the sky during the day – something even the youngest child could tell you!

I hope you don’t seriously believe that the Earth is turning. Perhaps it was just a little joke for our amusement at dinner. I would hate to think that your tremendous reputation built up over many years of hard work could be ruined by such frivolous comments.
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Your friend as always,

James Salviati 

Checklist for formative assessment

1.
Plan for an effective learning environment

· Share learning intentions and success criteria with pupils.

· Plan classroom activities to give pupils the opportunity to discuss their thinking so that feedback can help develop it.

· Plan oral and written feedback so that it guides improvement in individual and group learning.

· Plan activities that promote or encourage collaboration so that everyone is included and challenged, and train pupils to listen to and respect one another’s ideas.

· Plan tasks in a way that requires pupils to use certain skills or apply ideas.

· Ensure that pupils are active participants in lessons.

2.
Gathering information about pupils’ learning and encouraging pupils to review their own work critically through self- and peer assessment

· Observing pupils – this includes listening to how they describe their work and their reasoning.

· Questioning, using open questions phrased to invite pupils to explore their ideas and reasoning.

· Gather evidence as pupils demonstrate and communicate their thinking through a range of classroom activities, for example drawings, artefacts, actions, role play, and concept mapping, as well as writing.

· Discussing key words and how they are being used.

· Using summative assessment as a positive part of the learning process to plan revision and direct learning.



































What are mirrors?


How do they work?


























As Earth rotates the bird lands in a different part of the country.
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