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Introduction and aims
This resource aims to put into context learners’ study of Newton’s laws of motion. The context here is the physics of flight, and learners will review their knowledge of Newton’s three laws of motion and then apply them to explain why a plane stays in the air. This will be achieved through a practical investigation where learners will build their own model glider using styrofoam. 
The dynamics of flight

There are four primary forces involved in the flight of an aircraft, and they are investigated briefly in the first section of this investigation. 

This section concerns Newton’s first law, where the force pairs of weight and lift, and thrust and drag must be balanced for the plane to maintain a constant altitude and velocity, respectively. This section is a scene-setter to get learners thinking about the typical forces acting on an aircraft.
Learning intentions
To understand the four main forces which act on an aircraft in flight and how they relate to each other for different parts of a typical flight, ie take-off, cruise and landing. 
Suggested activities
This section of the investigation could be used as it stands in the Notes for Learners resource where learners simply read and review their knowledge using the questions. This could be used as a precursor to learners’ study of the forces in more detail.
This could also be approached as a group activity, where learners could be asked to discuss the forces acting on a plane in flight and come up with their own free body diagram for an aircraft before seeing the Notes for Learners resource. The groups could be co-operative groups formed for the design and build of the glider, or this could be a paired activity or an individual activity.

Take-home message
The main message for learners is that there are four main forces affecting the aircraft during flight and changing any of them will result in a change in the motion of the plane. We will control these forces in the glider investigation to investigate how the glider can be set up to control the forces acting on it. 
Lift vs weight

This section acts as a review of Newton’s first law and applies it to planes flying at a constant altitude. Learners can consider which two of the four forces of flight are important to the altitude of a plane: lift and weight. Newton’s first law and the equation for weight are both used here to reinforce how lift and weight relate to each other for a plane’s altitude to be constant.

Learning intentions
Relate the force of lift to the force of weight for a plane cruising at a constant altitude. 

Use the relationship between weight, mass and gravitational field strength combined with Newton’s first law to calculate the lift produced by the wings of an aircraft to maintain constant altitude.

Suggested activities
Learners could work in groups or individually for this exercise. The task as set in the Notes for Learners resource could be used straight away with learners, or a discussion about the key forces in groups could be used first for learners to consider which of Newton’s laws is relevant and how the force of lift and weight relate to each other for flight at a constant altitude.

Take-home message
The main message for learners from this activity is that for a plane to cruise at constant altitude, the weight must be equal to the lift. This can be used in conjunction with the equation below to calculate the force of lift produced by the wings of an aircraft cruising at constant height:
W = mg
Generating lift – Newton's third law
This section builds on the section before, this time focusing on how the wings of an aircraft generate lift. The usual explanation given for this is Bernoulli’s principle, which links air flow to pressure acting on the top and bottom surfaces of the wing. However, Newton’s third law can also be used to explain how a wing produces lift and actually gives an easier explanation of the process of how flaps and slats affect the lift produced by a wing. This section’s main aim is to apply Newton’s third law to the practical situation of flight.

Learning intentions
To be able to describe Newton’s third law and apply it to practical examples of Newton’s pairs, such as the rocket engine, swimming and an aeroplane wing.
To be able to describe in terms of Newton’s third law how an aeroplane wing produces an upwards force (called lift).

Suggested activities
If this project is being used as a summary of Newton’s laws of motion, an initial activity could be to get learners to summarise the three laws of motion and consider which one applies to the aeroplane wing. 

The ‘Which way?’ exercise can be used to get learners to consider Newton’s pairs and reinforce the idea of an action force producing an equal and opposite reaction force. Links can be made to physical education with the example of swimming (forcing water backwards to move forwards).
Following the above exercise, learners can consider the aeroplane wing in more detail. A possible starting question here is if the wing is to produce an upwards force, in what direction must it force the air? Consider airflow diagrams at this point. 

The final exercise in this section, ‘Generating lift’, can then be used as a group activity where learners consider a wing and the factors that will affect the lift generated. Factors here include the following:
· wing area

· wing shape

· angle of attack, ie the angle which the wing makes against the air flowing towards it. This is a difficult one, and relates to the pitch of the aircraft. It is considered later in the investigation.

· flap position – this changes the effective area of the wing and hence changes the lift. This can also be explained in terms of Newton’s third law as when the flap is extended downwards, a greater amount of air is forced downwards, therefore there is a great force of lift upwards.

· aileron – as with flaps, these change the effective area of the wing to change the lift.
Take-home message
There are two main messages from this section.
The first is the application of Newton’s third law in a general sense – every action force has an equal and opposite reaction force and this can be applied to various practical examples.
The second take-home message, key to the investigation on flight, is how a wing works to produce lift and the explanation of this in terms of Newton’s third law.

Flight control surfaces

This section introduces learners to the basic flight control surfaces of an aircraft, all of which will be included on the glider made in the later sections. The purpose of this section is to provide learners with reference material to guide their investigation in the later sections. The motions of an aircraft in terms of yaw, pitch and roll are introduced in this section.

Learning intentions
Explain the function of the four basic flight control surfaces on an aircraft:
· elevator

· rudder

· ailerons

· flaps.
Each of these are considered in more detail during the investigation stages so a basic understanding at this stage is sufficient and the information given here can be used as a reference for learners.

Describe the motion of an aircraft using the terms yaw, pitch and roll.

Suggested activities
At this stage, learners should ensure that they read through the information to have a basic understanding of the function of the flight control surfaces. This can be extended to a group activity to produce, for example, a poster to describe the functions. The surfaces are discussed in greater detail in the investigation but at this stage learners could consider Newton’s laws relevant to explaining how each of the control surfaces affect the flight of the aircraft. 

Additionally, the flight path of an aircraft in terms of roll, pitch and yaw are considered. These can be considered in the same way as the control surfaces above, for example a group exercise to describe the motion of an aircraft.
If the poster is being produced as mentioned above, the effects of each of the flight control surfaces can be linked to the motion as described in terms of roll, pitch and yaw.

Take-home message
There are two main messages, which are reinforced throughout the investigation stage of this resource.
The first is that there are four basic flight control surfaces:
· elevator, which controls the pitch

· ailerons, which cause the aircraft to roll

· flaps, which increase slow speed lift and drag

· rudder, which controls the yaw of the aircraft.
The flight of an aircraft is described in terms of the three axes:
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Image courtesy of NASA: http://www.grc.nasa.gov/WWW/k-12/airplane/rotations.html 

Investigation: Building a model glider

This section describes how the model glider is built. Learners can follow this step by step to build their own model glider from styrofoam. 

Learning intentions
Build a model glider using styrofoam and a model template. See below for more information on the model template.

Suggested activities

The main activity here is the building of the model glider. This requires a styrofoam food tray and the model template.
The model template can be downloaded from http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Right_Flight.html
This model fits on a piece of A4 paper and can be made using one food tray of approximately A4 size, which can be found from various suppliers of food equipment. Alternatively, the model can be enlarged (through photocopying) by 120% to come closer to A3 size. In doing this, the slot for the wings can be lengthened to allow wings of different areas to be tested as part of the investigation. The larger glider allows for larger control surfaces, which are easier to fold. 

Experimentation with the glider template allows the glider to be honed, or the basic template from NASA can be used for this investigation.
Care should be taken when cutting out the glider parts to ensure rough edges are sanded down to improve the aerodynamics of the glider. This can lead to a discussion about the importance of smooth airflow across the glider and linked into air resistance and drag. 
Take-home message
Apart from the discussion about smoothing rough edges to reduce drag, there is no message to this section per se as it is about building the glider for the following investigations. However, if this is being carried out as a group, messages about effective group work and communication are relevant. 
Investigation: Weight distribution

The first investigation with the glider examines the importance of good weight distribution for its flight. As it stands, the glider will not fly and requires weights to balance it and improve its flight. This first investigation takes learners through setting up the glider for the most ideal flight. 
Learning intention
Explain the importance of weight distribution to the flight of a glider. 

Through experiment, set up the weight distribution of a glider to get optimum flight.

Suggested activities
The purpose of this investigation is to introduce the effects of changing the weight distribution of the glider and get learners to analyse their findings in order to set up their glider for optimum flight. 

As an initial activity, learners should consider as part of their group (or on their own if this investigation is being completed individually) how they are going to measure the ‘quality’ of each flight. One of the main factors here will be distance – the longer the glide, the better. However, learners should also consider that for an ideally weighted glider, the flight should be straight, with minimal changes in pitch. 

The main part of the investigation here involves learners first of all following the suggested weight positions and amounts. Blu-tac or paper clips make ideal weights. By comparing the first three flights, learners should be able to draw a conclusion as to the effect of nose weight on the flight of the glider. This analysis is carried into the further flights, where learners set the glider up for optimum flight through a process of trial and error and analyse the results of each flight.
During each stage, reference should be made to the forces acting on the plane – the weight (W = mg) is being balanced by the light generated by the wings. 

As an extension, learners may also want to consider the balance of the aircraft before they fly it – where is the centre of gravity and how does changing this centre of gravity affect the flight of the glider? This allows optional investigations to be carried out. 

Learners can either note their results in the Notes for Learners resource or a separate log can be kept so learners can have more freedom in their write up of the investigation.

Take-home message
The key message from this part of the investigation is that the weight distribution of the glider needs to be optimised for its flight to be optimised. The optimum flight has the greatest gliding distance with no changes in direction (as the flight control surfaces have remained untouched for this experiment). 
Investigation: Angle of attack

This section relates the angle of attack to the amount of lift generated by the wings and demonstrates how the elevators of an aircraft can be used to change the angle of attack.

Learning intention
Describe the angle of attack of an aircraft as the difference between the pitch angle and the flight path angle.
Relate the angle of attack to the pitch of the aircraft.
Demonstrate through experiment, and explain, the effects of the elevators on the pitch (and hence the angle of attack) of the glider’s flight.

Suggested activities
The initial investigations relate to optimising the flight of the glider without changing any of the flight control surfaces. This weight distribution should be kept for the rest of the investigations. 

The initial activity should be to ensure that learners understand the meaning of the terms pitch and angle of attack, and reference can be made to Flight Control Surface section on page 14 of the Notes for Learners resource.
The main part of the investigation here is for learners to change the position of the elevators and investigate the effects of doing this on the pitch of the glider’s flight, ie they will be using the elevators to change the angle of attack. This gives three separate glider flights: one with the elevators level, one with the elevators lowered and one with the elevators raised.
· Both elevators should be raised or lowered by the same amount.

The elevators can be raised or lowered by gently pushing them downwards or upwards. If they snap, they can be taped back into place but this will alter the weight distribution of the glider and will need to be compensated for. 
Learners should find that raising the elevators causes the glider to pitch upwards and lowering the elevators causes the glider to pitch downwards. This can be explained in terms of Newton’s first and third laws together: 
· Raising the elevators deflects the airflow upwards.
· By Newton’s third law, this results in an equal reaction force downwards at the back of the plane.

· This results in an unbalanced force acting on the rear of the plane, so by Newton’s first law the back of the plane moves downwards, resulting in pitch upwards.

· The reverse is true for lowering the elevators.

Following the investigation where learners will see the effects of changing the position of the elevators in practice, there is a summary question to reinforce the results of the experiment. For the plane to take off, the elevators should be set to a lowered position as this will give a tendency for the nose to pitch up, which is required at take-off.

An extension investigation gets learners to consider the effects of the angle of attack on the amount of lift produced by the wings. As discussed in the Notes for Learners resource, if the angle of attack is too large then the airflow across the wing breaks up. The wing no longer forces air downwards, so there is no reaction force upwards. The wing produces no lift. The investigation is not guided and allows learners to approach it in whatever way they see fit. They should use the elevators to change the pitch of the glider and analyse the flight path of the glider for greater pitch up. There will be a critical point where the glider tries to nose up to the ceiling and if flying too slowly it will simply fall out of the air – an aerodynamic stall. Learners should see that a stall can be caused by having the nose of glider raised too high (too large an angle of attack). More able learners may also be able to see that the horizontal speed of the glider also has an effect – the lower the horizontal speed of the glider, the more prone it is to a stall.

Take-home message

The main message from this investigation is that the elevators of the glider control the pitch of the glider as follows:

· elevators raised: pitch up (angle of attack increased)

· elevators lowered: pitch down (angle of attack decreased).
Explanations of the effect in terms of Newton’s laws are essential to link the effects observed to the physics behind them.

An additional message here is that an aerodynamic stall (where the wings produce no lift) can be caused by too large an angle of attack and too slow a horizontal speed. 

Investigation: Additional lift

This section of the investigation looks at how the wings can be adjusted to gives the glider additional lift. More able learners at this stage may have realised that additional lift can be produced by the glider flying faster, so it is necessary to launch the glider at a constant speed to investigate the effects of the wings on the lift produced.
When a plane is about to take off, the flaps and slats are deployed. This is done to increase the lift produced by the wing at low horizontal speeds, thus making lift-off an easier process. The flaps are also deployed when an aircraft is landing. This is to increase the lift of the wings while the plane is travelling at slow (landing) speeds to ensure that the wings do not lose lift. The flaps also increase the drag of the wing; this helps slow the plane down, but is also the reason the flaps are not used in flight as they produce too much drag at cruising speeds.

Learning intention
Investigate the effects of the flaps on the lift produced by an aircraft wing.
Investigate the effects of area on the lift produced by an aircraft wing.

Suggested activities
The first activity here is an open investigation into the effects of the flaps on the lift produced by the wings. Unlike the previous investigations, it is more open-ended and allows learners to think of the flights they want to conduct to investigate the effects.
Thought should always be given to ensuring a fair test: if the effects of the flaps are being considered, the glider must always be launched at a constant speed and angle of attack. The speed can be changed for the same flap position to look at the effects of drag and lift at low and high speeds also. 

This first investigation is summarised with two consolidation questions: flaps are deployed at take-off to increase low speed lift and retracted at cruising speed to reduce high-speed drag. The latter is an application of Newton’s 
first law and friction, the former an application of both Newton’s first and third laws. 

Learners should be encouraged to consider the effects of the flaps in terms of Newton’s third law: the flaps deflect air downwards, resulting in reaction force upwards. Sometimes this is talked of as increasing the effective wing area, which leads neatly onto the extra investigation where learners can make a second wing with a larger surface area (longer or wider or both) and compare the lift generated by both wings.* 

*To make this easier, the initial NASA template can be modified by making the slot for the main wing longer to allow different sizes of wing to be fitted to the glider. If a wing is loose, sticky tape can be used to support the wing.

Take-home message
The main message from this investigation is that the flaps increase the lift of the wing, but also increase the drag. They are therefore used at slow speeds to aid take-off and keep the plane flying during slow-speed manoeuvres such as landing but not used at high-speed cruising.
Additionally, the area of the wing will also affect the lift produced – greater wing area gives greater lift. A link can be made here to the idea of effective wing area, where deploying the flaps increases the effective wing area.

Investigation: The banked turn

This investigation involves the remaining two control surfaces and shows how they can be used to cause the glider to make a banked turn. In order to make a banked turn, the aircraft must use both the rudder to change the yaw of the aircraft and the ailerons to cause it to roll. As with the previous control surfaces, Newton’s third law can be used to explain the effects of the control surfaces. 

To cause the aircraft to yaw, the rudder is used. Turning the rudder to the right causes air to be deflected to the right at the back of the aircraft. By Newton’s third law, this causes the tail of the aircraft to be forced to the left (equal and opposite reaction force). This results in the aircraft yawing to the right. 

The ailerons work in a similar way to the flaps to change the lift of the wing: additional air is deflected downwards when the aileron is down, which increases the lift from the wing. If the aileron is pointed upwards, this deflects air upwards and results in a downwards force on the wing, reducing its lift. The ailerons therefore work in pairs: one is deflected down and the other up. The wing with reduced lift lowers, the one with increased lift rises up. This results in a net rolling motion for the aircraft. 
Learning intention
Describe the effects of the ailerons on the roll of an aircraft and explain how the ailerons work, making reference to Newton’s third law.

Describe the effects of the rudder on the yaw of an aircraft and explain how the rudder works in terms of Newton’s third law.

Explain how the rudder and ailerons can be used to cause an aircraft to make a banked turn.

Suggested activities
This investigation builds towards the banked turn by taking each of the control surfaces required in turn. It therefore can consist of two separate investigations.
The first of these investigations looks at the effects of the ailerons. The key to this is that ailerons must work in pairs: one wing has reduced lift and the other increased lift to cause the glider to roll. Learners can investigate this using their glider and comparing the direction of the roll to the position of the ailerons. This is an open investigation so learners can follow their own path and choose their own aileron settings. Discussion should include reference to Newton’s third law as to how the ailerons are affecting the flight of the glider.
The ailerons on their own will cause the plane to roll but won’t cause it to turn. The second part here gets learners to add the rudder into the equation to make the plane carry out a banked turn. Learners should set the glider up to make a banked turn in the desired direction – the rudder and the ailerons will need to work together. A description of the position of the flight control surfaces is required in order to make a banked turn.
A summary exercise, which challenges learners to describe the effects of the rudder in terms of Newton’s third law, rounds this section off. This consolidates learners’ knowledge of the flight control surfaces and how they work in terms of Newton’s laws. It also challenges learners’ literacy skills to describe physics concepts applied to a real-world application using the written word and diagrams.

Take-home message
The ailerons increase or decrease the lift of a wing to make the glider roll. They work in pairs.
The rudder is used to change the yaw of the aircraft.
Both the rudder and the ailerons are used to make a banked turn. 
The ‘loop-the-loop’ challenge
This is the final practical investigation stage of the resource, where learners must use their knowledge of the flight control surfaces to make the glider do a loop-the-loop. A challenging but classic stunt, it requires a pitch-up movement with additional lift at low speeds to prevent a stall – so the flaps and the elevators will play a key role here.
Learning intention
Analyse the results of previous investigations to set up a glider optimally to fly a loop-the-loop.

Suggested activities
Here the main activity is to allow learners to use their knowledge of the flight control surfaces to set up their glider to fly a loop-the-loop. This will require the flaps to be deployed and the elevators raised as the stunt requires pitch-up and the wings with additional lift to prevent a stall. Explanation of the settings used is required in a small report. Learners could also consider other stunts that the glider is capable of producing.
Take-home message
The main message here is that learners are able to apply their knowledge of flight control surfaces and justify the settings they chose. Elevators lowered to pitch the plane up. Flaps deployed to prevent a stall.

The jet engine

This is a further application of Newton’s laws, dealing with the horizontal motion of the glider. The jet engine forces air through it using the fan blades to move the air and compress it towards the core. Fuel is ignited here and the exhaust gasses ejected out of the back of the engine. This also turns the turbine and fan blades to draw in more air. The movement of air in one direction causes the engine to experience an equal and opposite force in the opposite direction, which we call thrust – an application of Newton’s third law.
If the thrust and mass of the engine and aircraft are known, then the acceleration of the aircraft can be found using Newton’s second law:
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Learning intention
Explain how a jet engine produces thrust in terms of Newton’s third law.
Use Newton’s second law to calculate the acceleration of an aircraft given its engine thrust and mass.

Suggested activities
The first activity leads to an experiment involving fan blades to see how they move air in a specific direction. The use of a hand-held fan and a sheet of paper can show the air flow. If this fan is attached to a lightweight vehicle this can demonstrate the effects of the thrust on the movement of the vehicle. Compare the shapes of the fan blades to the front fan of a jet engine, or the propeller blades of a turbo prop engine. Also, this can be linked to the propeller of a boat.
Following this exercise, there is a numeracy exercise where learners apply Newton’s second law to work out the acceleration of planes. They can use the internet to find out the numbers for thrust and maximum take-off weights. 
Take-home message
The main messages here are the application of Newton’s third law to how a jet engine produces thrust and the application of Newton’s second law to calculate the acceleration of an aircraft.

Navigation
This final part of the resource applies learners’ knowledge of vectors to air traffic control and allows learners an insight into an application of an initially abstract concept. Additionally, use of the website www.flightradar24.com allows learners the opportunity to see the vectors in real life and link that to the planes that are flying over in real time.

Learning intention
Use vectors to give the flight direction for aircraft from one location to another.

Suggested activities
The first activity here is to use a map to vector aircraft – this requires the use of a protractor and ruler to work out the displacement between start point and destination.
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