KEY STAGE 4 SHORT-TERM SCHEMES OF LEARNING

	Lesson
	1.  Force and acceleration

	Objectives linked 
to 9-1 Grades



	All students must 
· State the factors that will affect the acceleration of an object acted on by a resultant force.
· Calculate the force required to cause a specified acceleration on a given mass.
Investigate a factor that affects the acceleration of a mass.
Most students 
· Describe the effect of changing the mass or the force acting on an object on the acceleration of that object. 
· Perform calculations involving the rearrangement of the F = ma equation.  
Combine separate experimental conclusions to form an overall conclusion.
Some students could 
· Define the inertial mass of an object in terms of force and
acceleration.
· Calculate the acceleration of an object acted on by several forces. 
· Evaluate an experiment by identifying sources of error and determining
uncertainty in the resulting data.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starters
Accelerator (5 min) Ask the students to describe the function of the accelerator in a car.

Lift off (10 min) Interactive where students complete a description on the changes in energy stores during the launch of a chemical rocket, and link the ideas to the action of forces.

Main
Investigating force and acceleration (25 min) Students carry out two investigations. First they investigate the effect that changing the force on an object has on the acceleration. They then investigate the effect that changing the mass of the object has on the acceleration when a constant force is applied. Students use the investigations to reach two conclusions that can then be combined into a mathematical relationship.
H Inertial mass and acceleration (15 min) Discuss the relationships
a is proportional to F and a is proportional to 1 / m
and combine them to reach the expression a is proportional to F / m, which leads to the more familiar F = ma.
Analyse some scenarios involving resultant forces acting on objects to find the acceleration or the force required to cause particular accelerations. Focus on the idea that both the force and the acceleration are vectors in the same direction.
Plenaries
What’s wrong? (5 min) Students consider the common misconception Objects always move in the direction of the resultant force and write a corrected version.

I’m snookered (10 min) Students draw a series of diagrams showing the forces involved in getting out of a snooker. They draw each of the stages of the
movements, showing the forces as the white ball is first hit and the collisions with the cushions.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources

Interactive: Lift off
Practical: Investigating force and acceleration
Maths skills: Force, mass, and acceleration

	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	







	Lesson
	2.  Weight and terminal velocity

	Objectives linked 
to 9-1 Grades



	All students must 
· State the difference between the mass of an object and its weight. 
· Describe the forces acting on an object falling through a fluid. 
Investigate the motion of an object when it falls.
Most students 
· Calculate the weight of objects using their mass and the gravitational
field strength.
· Apply the concept of balanced forces to explain why an object falling through a fluid will reach a terminal velocity.
Investigate the relationship between the mass of an object and the terminal velocity.
Some students could 
· Apply the mathematical relationship between mass, weight, and gravitational field strength in a range of situations.
· Explain the motion of an object falling through a fluid by considering the
· forces acting through all phases of motion.
Evaluate the repeatability of an experiment by considering the spread of each set of repeat results.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starters
Fluid facts (5 min) Interactive where students match up information (including diagrams) about the physical properties of solids, liquids, and gases with explanations in terms of particle behaviour.  This will help them revise the states of matter and the particle theory in particular.

Air resistance (10 min) Students use their understanding of particles and forces to suggest what causes air and water resistance. They should sketch the movement of objects, label the forces on them, and then try to show the particles being pushed out of the way and pushing back.

Main
Investigating falling (40 min) Demonstrate the acceleration caused by the weight of an object when there is no supporting force by dropping some objects. Discuss the unbalanced forces acting whilst they fall and when they stop. Spend a few minutes ensuring that the students are clear on the distinction between these two with some calculations of weight for different masses. Ensure the students are aware that the weight of the objects is due to a gravitational field surrounding masses. Continue with the discussion of forces focusing on drag and how this changes as the velocity increases. Students should realise that when the
drag force matches the weight, then the object stops accelerating and so reaches terminal velocity.
Use the animation to describe the changes in the forces experienced by a sky diver. Then carry out the practical to investigate falling using a model
parachute. Students should investigate the effect of different masses on the time for descent. If time is limited, individual groups could investigate one mass, and then collate results as a class. As there will be considerable variability in the results, the students should focus on repeat measurements to find mean values, reducing the effects of random error.

Plenaries
Top speed (5 min) Show the students a list of top speeds for cars along with some other information such as engine power and a photograph. They
can discuss why the cars have a maximum speed.
Falling forces (10 min) The students draw a comic strip with stick figures showing the forces at various stages of a parachute jump. This should
summarise the concepts and demonstrate the changing size of the forces.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources
Interactive: Fluid facts
Extension:
Getting to grips
with gravitational
field strength.

Practical:
Investigating
falling

Animation: Sky
diver



	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	3.  Forces and braking

	Objectives linked 
to 9-1 Grades



	All students must 
· List the factors which affect the stopping distance of a car.
· Calculate the thinking distance for a car from the initial speed and reaction time.
· Estimate the relative effects of changing factors which affect the stopping
distance of cars.
Most students 
· Categorise factors which affect thinking distance, braking distance, and both. 
· Calculate the braking distance of a car. 
Describe the relationship between speed and both thinking and braking distance.
Some students could 
· Calculate acceleration, mass, and braking force of vehicles. 
· Calculate total stopping distance, initial speed, reaction time, and acceleration. 
Explain the relative effects of changes of speed on thinking and stopping distance.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starter
Safety first (10 min) Use information from government safety websites about car collisions in the local area to identify accident hotspots. Link these results to the idea of speed restrictions in the area, especially around primary schools.

Stop! (5 min) To support students in understanding the wide range of factors that can affect the stopping distance of cars, provide students with a list of factors to sort according to whether they will affect stopping distances or not.

Main
Reaction time challenge (40 min) Discuss the forces acting on a car whilst it is moving at constant velocity. Reinforce the idea that the forces must balance. Identify the resistive forces clearly. The students should understand the factors affecting overall stopping distance, but they need to be clear which affects the thinking distance and which affects the braking distance.

For higher-tier students, the braking distance should be linked closely to the decelerating forces using F = ma with a few example car masses and maximum braking forces. From this acceleration and the initial speed, the braking distance should be calculated. Formally introduce stopping distance to all students, ensuring that any misconceptions are corrected.
Students then carry out the practical to investigate how distractions can affect your reaction times to demonstrate how using a mobile phone whilst
driving can affect stopping distances. They should appreciate that the times improve with practice and when they are fully concentrating on the clock. In a real car situation, the driver would not be able to focus on one simple task, so the times would be significantly greater.

Plenaries
Stopping distances and motive forces (10 min) Interactive where students consolidate their understanding of stopping distances. Students link together parts of sentences on braking distance, identify true and false statements on stopping distance, reaction time, and braking distance, and
put a description of the forces involved as a car stops in the correct order.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources

Practical: Reaction time challenge

Extension: Finding the stopping distance of a vehicle

Interactive: Stopping distances and motive forces

	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	4.  Momentum

	Objectives linked 
to 9-1 Grades



	All students must 
Most students 
· Apply the equation p = mv to find the momentum, velocity or mass of an object. 
· Describe how the principle of conservation of momentum can be used to find the velocities of objects.
Investigate the behaviour of objects during explosions to verify the conservation of momentum.

Some students could 
· Fully describe the motion of objects after an explosion accounting for any frictional effects.
· Apply the principle of conservation of momentum to a range of calculations
involving the velocities of objects.
· Evaluate the data produced from an investigation and compare this to a
theoretical framework.



	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starters
Trying to stop (5 min) Ask students to explain why it takes a container ship several kilometres to stop but a bicycle can stop in only a few metres, even when they are travelling at the same speed.

Stopping power (10 min) Students use the interactive to put a list of sport balls (e.g., golf ball, cricket ball, rugby ball, and footabll) in order of difficulty to stop. They then complete a paragraph to explain what properties make it more difficult for the balls to stop. They should be able to link the stopability to the speed and mass of the balls.

Main
Calculating momentum (15 min) Introduce the concept of momentum and the equation for it by discussing a wide range of examples. The students should calculate the momentum of several objects and also the velocities of some objects when given the mass and momentum.

Investigating a controlled explosion (25 min) The students should refine the details of the practical, explaining how it will demonstrate the conservation of momentum in explosions. This will involve an explanation of the different velocities of the trolleys after the collision and hence the distance they will travel in the same time. Once the data is gathered they
should compare it to their predictions and suggest explanation for any differences.

Plenaries
The skate escape (5 min) Two people are trapped on a perfectly friction free surface (e.g., an ice rink) just out of reach of each other. They are both 10 m from the edge and all that they have to help them escape is a tennis
ball. Ask: how do they both escape? [Throw something from one to the other, this will give them momentum in opposite directions and they will slowly drift to the sides.]

Boating (10 min) Discuss what happens when somebody steps on to or off of a boat but falls in the water because the boat moves away from the land. Ask the students to explain what happened, perhaps with diagrams. They should understand that the person is actually pushing the boat
away. When they move left, the boat will always be forced to the right as a consequence of the conservation of momentum.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources

Interactive: Stopping power
Extension: Understanding conservation of momentum
Practical: Investigating a controlled explosion


	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	5.  Using conservation of momentum

	Objectives linked 
to 9-1 Grades



	All students must 
Most students 
· (Apply the law of conservation of momentum to find the momentum before
and after impacts.
· Calculate the momentum of a combination of objects after an impact.
Evaluate data used to verify the law of conservation of momentum.

Some students could 
· Apply the law of conservation of momentum to find velocities of objects
after impacts.
· Analyse the velocities of objects in a wide range of collisions. 
· Evaluate an experimental technique and discuss in detail the factors which
lead to differences between experimental data and an accepted law.


	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
Jumping frogs (5 min) Position a few spring-loaded ‘jumping frog’ toys on the desk and set them off. The students need to account for changes in the energy stores before they all go off.

Slow motion (10 min) Show a video of a simple explosion frame-by-frame and ask the students to explain what is happening in terms of forces, mass, and acceleration. They should see the pieces flying off in different directions – some will have greater speed than others.

Main
Conservation of momentum (15 min) The students should analyse scenarios where trolleys move apart, performing calculations to find the velocities of the components immediately after the explosion. Students
answer the summary questions in the student book for practice.

Investigating and analysing collisions (25 min) Students analyse collisions using the practical. Ensure that the students are calculating the momentum before and after the impacts and comparing it.
Reinforce the idea of conservation of momentum by performing some calculations supported by the worked examples in the student book. Use some additional examples that incorporate larger masses and objects moving in opposite directions.

Plenaries
It’s against the frog (5 min) Use a set of quick questions and the jumping frogs again. A student has the time it takes for the frog to go off in which to answer a question.

Impossibly super (10 min) In many superhero films, cars are thrown and caught easily. The cars stop dead and the costumed hero doesn’t budge. Students use the interactive to complete an explanation about the flaws in these films using the conservation of momentum. They can then consider what forces would do to the system (do they think that the friction of the feet on the ground would make any significant difference?)

	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources
Practical: Investigating and analysing collisions
Interactive: Impossily super





	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	6.  Impact forces

	Objectives linked 
to 9-1 Grades



	All students must 
Most students 
· Describe collisions in terms of forces and conservation of momentum. 
· Calculate the force involved in an impact from the change in momentum and time.
Design features that will reduce the size of impact forces in a collision.
Some students could 
· Apply the concept of equal and opposite forces in collisions to explain why momentum is conserved in impacts.
· Calculate changes in velocity and momentum during impacts using the force involved in the impact and the impact time.
· Plan an investigation into the impact forces involved in a collision and how
they can be reduced.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
Skids (5 min) Why does a car take longer to stop in wet weather? Show students some pictures of cars stopping suddenly and discuss the sizes of the forces. What reduces the forces and why does this mean that the car takes a greater distance to stop?

Sudden impact (10 min) Arrange some bathroom tiles on the floor (inside a tray and wear safety glasses). Drop some objects onto the tiles to see if the tiles (or objects) break. These can include heavy but soft objects and a hammer. Ask the students to explain why the tiles break or why they do not.


Main
Investigating impacts (40 min) Students investigate the effect of crumple zones or similar using the simple practical.
This clearly shows that the forces involved in impacts are reduced by using a material that distorts. Link this to the time of impact increasing – if the impact takes place over a longer time period, then a smaller force is required to change the momentum by the same amount. Link this to the relationship F = (m Δv) / Δt or F = Δp / Δt , leading to Δp = FΔt, to show that the relationship between the same change in momentum can be brought about by a smaller force acting over a longer time period.

The calculations here are quite complex and must be broken down into logical stages. Remind the students of some simple acceleration calculations including some decelerations as this is more important in impacts. Recap the calculation of change in momentum (mΔv) before linking this to the size of the acting force. Students should apply this concept to a collision between vehicles. The focus should be on the equal and opposite forces acting for the same period of time. This demonstrates that the change in momentum of one object is matched by the change in momentum of another during a collision.

Plenaries
Bouncy castles (5 min) Why don’t children hurt themselves when they fall on bouncy castles? The students should draw a diagram showing why not. Check that they are identifying the forces and the timings involved.

Owwzatt! (10 min) How should cricketers catch fast-moving cricket balls? Students use the interactive to complete instructions explaining the science behind safely catching a cricket ball, including the reasons why gloves are used to ‘cushion’ the catch.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources


Practical: Investigating impacts
Interactive: Owwzatt!!



	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	7.  Safety first

	Objectives linked 
to 9-1 Grades



	All students must 
Most students 
· Describe the operation of some safety features of a car in simple terms.
Report on the differences in safety features between expensive and inexpensive cars.
Some students could 
· Use scientific principles such as rate of change of momentum to explain in
detail the operation of a range of car safety features.
· Evaluate a range of optional safety features based on their costs and
effectiveness.

	Key Language
Literacy
Numeracy
	[bookmark: _GoBack]
	

	T&L
	Lesson Overview
Starters
Crash flashback (5 min) Give the students a momentum problem to solve to refresh the ideas from Topic P10.6. Include cars or other large items as the objects involved in the collision.

Crumpled cars (10 min) Show the students selected photographs of crashed cars (search the Internet for images) and ask them to describe the damage they see. They should notice the crumpling effect, especially at the front or rear of the car, but may not realise that this is a deliberate
design. Students then use the interactive to identify safety features of a car and the reasons why a designer would deliberately want this effect.
Main
Car safety features (30 min) Show the students a cycle helmet and discuss its features and the materials used. Link the choices to the ‘cushioning’ of an impact asking what this term means. Discuss the use of seat belts in cars, linking this concept back to reducing forces by increasing the duration of the force. Use the practical to demonstrate this.
Air bags operate in a similar way to seat belts – an increase in the collision time as the passenger pushes through the bag. This can be demonstrated by carefully dropping an egg onto a hard surface then onto a soft surface – the impact of the object on the floor is cushioned slightly. The
demonstration can be expanded to include dropping an egg onto balloons inflated by different amounts – to model air bags – and dropping an egg with a crumple zone made of a paper cone. If possible, use a real child car seat to explain the features. The students should see soft materials absorb impacts and strong materials maintain the shape of the seat during a collision. Ensure that you cover the advantages of placing the seat facing backwards. Finally discuss the surface used in playgrounds, showing the students
some examples if these are available.

Emergency stop (10 min) The students should examine and explain some numerical and graphical data on car stopping distances for Different speeds.

Plenaries
Best car (10 min) Give the students pictures and information about cars through the ages and get them to identify the innovations that have taken place. They can produce a timeline showing the changes. Include information about changes to maximum speeds and road types, such as
the introduction of motorways. 
Hard sell (10 min) The students must produce an advertisement for the expensive safety features in a new car. This could be hard-hitting or subtler in its persuasiveness. Most safety features started off as expensive accessories but as their benefits were proven, they became required by law.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Interactive: Crumpled cars
Practical: Car safety features




	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	8.  Forces and elasticity

	Objectives linked 
to 9-1 Grades



	All students must 
· State Hooke’s law.  
· Calculate the extension of a material using its length and original length. 
Compare materials in terms of elastic and non-elastic behaviour.
Most students 
· Explain the limitations of Hooke’s law including the limit of proportionality. 
· Calculate the force required to cause a given extension in a spring using the
spring constant.
· Compare the behaviour of different materials under loads in terms of
proportional and non-proportional behaviour.
Some students could 
· Find the spring constant of a spring using a graphical technique. 
· Apply the Hooke’s law equation in a wide range of situations. 
· Evaluate an investigation into the extension of materials in terms of the
precision of the data.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
Distortion (5 min) Get the students to list the basic things that forces can do (cause acceleration, change the shape of the object). Concentrate on the forces in the diagrams that cause objects to compress or stretch, and use these to discuss whether these changes are permanent or can be reversed.
In proportion (10 min) In this lesson the students will find a relationship that is proportional, so start the lesson by asking the students to use the interactive compare some graphs and the relationship between them. They then complete a description on the idea of proportionality.

Main
Stretch tests (40 min) Demonstrate a simple elastic band to show a material returning to its original shape showing elastic behaviour. Show the similar behaviour for a spring and then the plastic behaviour of polythene or something similar whilst also stretching a spring beyond the elastic limit to show permanent deformation.
Students then test the behaviour of materials under load using the practical. They should focus on accurate measurement of length, well organised recording of the data, and calculation of extension. When the data for the practical has been collected, graphs can be plotted to show the relationships. Identify areas where the relationship is directly
proportional, ensuring the students can identify this and the limits to the behaviour.
Use the data for the spring tests to explain Hooke’s law and the associated equation. The students should find the spring constant for the spring they tested.

Plenaries
Graphical analysis (5 min) Give the students a graph showing the extension of different springs and ask them to describe the differences. They should look at the limit of proportionality and the spring constants.
Catapult (10 min) Students can explain how a catapult operates or plan an investigation measuring the energy stored in it.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Interactive: In proportion
Required practical: Stretch tests






	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



