St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 10 (Physics)

This is the plan for the taught curriculum during achievement period: Assessment Period 3 (April 25th to July 22nd 2022)

	Brief summary of the topic/work being covered during this period	

	During this assessment period, students are taught the remainder of topic 5 (Forces) which they were first introduced to in assessment period 2. The term will start with students learning of Newton’s Laws of Thermodynamics before looking at Stopping Distance, Reaction Time, and Factors affecting Braking Distance. Students will then move on to study Momentum. Only Higher tier students will learn about Momentum (both for separate and triple award students), and only the Separate award students will learn of the final topic which is Changes in Momentum.
In terms of required practicals, all students will be expected to complete Required Practical Activity 7, wherein they will investigate the effect of varying the force on the acceleration of an object of constant mass, and the effect of varying the mass of an object on the acceleration produced by a constant force.
[bookmark: _GoBack]The term will conclude with end-of-year exams which normally take the form of GCSE mock examinations.

	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS3
TOPIC – Forces and Motion
From the KS3 course, students should be able to:
· State that a force is a push or pull that acts on an object due to the interaction with another object. All forces between objects are either:
· Contact forces – the objects are physically touching
· Non-contact forces – the objects are physically separated.
· Give examples of contact forces include friction, air resistance, tension and normal contact force.
· Give examples of non-contact forces are gravitational force, electrostatic force and magnetic force.
· When you draw a diagram, arrows are added to show the forces that are acting on the object. ‘Force arrows’ show the direction and size of the force.
· Forces act on objects so the arrows must touch the object in the diagram.
· A field is a region of space where a non-contact force can be exerted on an object.
· Students should be able to:
· Draw a force diagram for a problem involving gravity.
· Compare and contrast gravity with other forces.
· A number of forces acting on an object may be replaced by a single force that has the same effect as all the original forces acting together. This single force is called the resultant force.
· Students should be able to calculate the resultant of two forces that act in a straight line.
· If the resultant force acting on an object is zero and:
· the object is stationary; the object remains stationary
· the object is moving; the object continues to move at the same speed.
· So, when a vehicle travels at a steady speed the resistive forces balance the driving force.
· So, the speed of an object will only change if a resultant force is acting on the object.
· Students should be able to:
· Draw a force diagram for a problem involving gravity.
· Predict changes in an object’s speed when the forces on it change.
· Describe examples of the forces acting on an isolated object or system.
· Use free body diagrams to describe qualitatively examples where several forces lead to a resultant force on an object, including balanced forces when the resultant force is zero.
· The speed of a moving object is rarely constant. When people walk, run or travel in a car their speed is constantly changing.
· The speed at which a person can walk, run or cycle depends on many factors including: age, terrain, fitness, and distance travelled.
· Typical values may be taken as:
· walking ̴ 1.5 m/s
· running ̴ 3 m/s
· cycling ̴ 6 m/s.
· Students should be able to recall typical values of speed for a person walking, running, and cycling as well as the typical values of speed for different types of transportation systems.
· It is not only moving objects that have varying speed. The speed of sound and the speed of the wind also vary.
· A typical value for the speed of sound in air is 330 m/s.
· The higher the speed of an object, the shorter the time taken for a journey.
· Students should be able to make measurements of distance and time and then calculate speeds of objects.
· For an object moving at constant speed the distance travelled in a specific time can be calculated using the equation:
· distance travelled = speed × time
· d = s t
· Distance, d, in metres, m
· Speed, s, in metres per second, m/s
· Time, t, in seconds, s
· The instantaneous speed of an object is the speed at one point in a journey.
· The average speed of an object is the speed over the entire journey.
· Comparing average speeds of objects are easier to compare than instantaneous speeds.
· Students should be able to recall and apply this equation.
· Distance is how far an object moves.
· Students should be able to:
· Suggest how the motion of two objects moving at different speeds in the same direction would appear to the other.
· Describe how the speed of an object varies when measured by observers who are not moving or moving relative to the object.
· Weight is the force of gravity acting on an object's mass.
· Weight always acts towards the centre of the gravitational field. 
· The weight of an object can be calculated using the equation:
· weight = mass × gravitational field strength
· W = m g
· Weight, W, in newtons, N
· Mass, m, in kilograms, kg
· Gravitational field strength, g, in newtons per kilogram, N/kg 
· (In any calculation the value of the gravitational field strength (g) will be given.)
· g on Earth = 10 N/kg. On the moon it is 1.6 N/kg.
· Students should be able to recall and apply this equation.
· The weight of an object and the mass of an object are directly proportional.
· Weight is measured using a calibrated spring-balance (a newtonmeter).
· Students should be able to:
· Explain unfamiliar observations where weight changes.
· Deduce how gravity varies for different masses and distances.
· Compare your weight on Earth with your weight on different planets using the formula.
· Suggest implications of how gravity varies for a space mission.

TOPIC – Advanced Forces
From the KS3 course, students should be able to:

· The density of a material is defined by the equation:
· Density / volume
· density, ρ, in kilograms per metre cubed, kg/m3
· mass, m, in kilograms, kg
· volume, V, in metres cubed, m3
· Students should be able to recall and apply this equation.
· The particle model can be used to explain:
· The different states of matter
· Differences in density.
· Students should be able to: 
· Recognise/draw simple diagrams to model the difference between solids, liquids, and gases.
· Explain the differences in density between the different states of matter in terms of the arrangement of atoms or molecules.
· Use appropriate apparatus to make and record the measurements needed to determine the densities of regular solid objects and liquids. Volume should be determined from the dimensions of regularly shaped objects. Dimensions to be measured using appropriate apparatus such as a ruler, micrometer or Vernier callipers.
· Different stresses on a solid object can be used to explain observations where objects scratch, sink into, or break surfaces.
· The pressure produced by a force on a surface can be calculated using the equation:
· Pressure = Force / Area
· pressure, p, in pascals, Pa
· force, F, in newtons, N
· area, A, in metres squared, m2
· Students should be able to recall and apply this equation.
· Students should be able to: 
· Use the idea of stress to deduce potential damage to one solid object by another.
· Given unfamiliar situations, use the formula to calculate pressure or stress on a surface. 
· Explain observations where the effects of forces are different because of differences in the area over which they apply. (Upper Sets Only).
· One effect of a force is to change an object’s form, causing it to be stretched or compressed. In some materials, the change is proportional to the force applied.
· The extension of an elastic object, such as a spring, is directly proportional to the force applied, provided that the limit of proportionality is not exceeded.
· Force = Spring constant x extension
· force, F, in newtons, N
· spring constant, k, in newtons per metre, N/m
· extension, e, in metres, m
· This relationship also applies to the compression of an elastic object, where ‘e’ would be the compression of the object.
· Students should be able to recall and apply this equation.
· Students should be able to: 
· Investigate the relationship between force and extension for a spring.
· Describe how materials behave as they are stretched or squashed.
· Describe what happens to the length of a spring when the force on it changes.
· Using force and extension data, compare the behaviour of different materials in deformation using the idea of proportionality.
· Give examples of the forces involved in stretching, bending or compressing an object.
· Explain why, to change the shape of an object (by stretching, bending or compressing), more than one force has to be applied – this is limited to stationary objects only.
· Describe the difference between elastic deformation and inelastic deformation caused by stretching forces.
· Describe the difference between a linear and non-linear relationship between force and extension. (Upper Sets Only).
· Interpret data from an investigation of the relationship between force and extension. (Upper Sets Only).
· A force or a system of forces may cause an object to rotate.
· Students should be able to describe examples in which forces cause rotation.
· The turning effect of a force is called the moment of the force. 
· The size of the moment is defined by the equation:
· Moment of a force = force x distance
· moment of a force, M, in newton-metres, Nm
· force, F, in newtons, N
· distance, d, is the perpendicular distance from the pivot to the line of action of the force, in metres, m.
· Students should be able to recall and apply this equation.
· If an object is balanced, the total clockwise moment about a pivot equals the total anticlockwise moment about that pivot.
· Students should be able to: 
· Explain how turning forces are used in levers. (Upper Sets Only).
· Calculate the size of a force, or its distance from a pivot, acting on an object that is balanced.

Practical Skills Covered in KS3:
· Being able to plan different types of scientific enquiries to answer questions, including recognising and controlling variables where necessary 
· Being able to take measurements, using a range of scientific equipment, with increasing accuracy and precision, taking repeat readings when appropriate 
· Being able to record data and results of increasing complexity using scientific diagrams and labels, classification keys, tables, scatter graphs, bar and line graphs 
· Being able to use test results to make predictions to set up further comparative and fair tests 
· Being able to report and present findings from enquiries, including conclusions, causal relationships and explanations of and degree of trust in results, in oral and written forms such as displays and other presentations 
· Being able to identify scientific evidence that has been used to support or refute ideas or arguments.

	Rationale for students studying this unit/topic 

	Rationale for studying this topic
Engineers analyse forces when designing a great variety of machines and instruments, from road bridges and fairground rides to atomic force microscopes. Anything mechanical can be analysed in this way. Recent developments in artificial limbs use the analysis of forces to make movement possible. 
Rationale for timing of this topic
Students cover these topics in year 10 as it forms the basis of their scientific understanding moving forward into year 11. In addition, these topics embed and build upon the knowledge and skills covered in the KS3 curriculum and during year 9.

	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	5.6.2 Forces, accelerations and Newton's Laws of motion
5.6.2.1 Newton's First Law
· Newton’s First Law:
· If the resultant force acting on an object is zero and:
· the object is stationary, the object remains stationary
· the object is moving, the object continues to move at the same speed and in the same direction. So the object continues to move at the same velocity.
· So, when a vehicle travels at a steady speed the resistive forces balance the driving force. So, the velocity (speed and/or direction) of an object will only change if a resultant force is acting on the object.
· Students should be able to apply Newton’s First Law to explain the motion of objects moving with a uniform velocity and objects where the speed and/or direction changes.
· (HT only) The tendency of objects to continue in their state of rest or of uniform motion is called inertia.
5.6.2.2 Newton's Second Law
· Newton’s Second Law: The acceleration of an object is proportional to the resultant force acting on the object, and inversely proportional to the mass of the object.
· As an equation:
· resultant force = mass × acceleration
· F  = m a
· force, F, in newtons, N
· mass, m, in kilograms, kg
· acceleration, a, in metres per second squared, m/s2
· Students should be able to recall and apply this equation.
· (HT only) Students should be able to explain that:
· inertial mass is a measure of how difficult it is to change the velocity of an object
· inertial mass is defined as the ratio of force over acceleration.
· Students should be able to estimate the speed, accelerations and forces involved in large accelerations for everyday road transport.
· Students should recognise and be able to use the symbol that indicates an approximate value or approximate answer,
Required practical activity 7: investigate the effect of varying the force on the acceleration of an object of constant mass, and the effect of varying the mass of an object on the acceleration produced by a constant force.
5.6.2.3 Newton's Third Law
· Newton’s Third Law: Whenever two objects interact, the forces they exert on each other are equal and opposite.
· Students should be able to apply Newton’s Third Law to examples of equilibrium situations.
5.6.3 Forces and braking
5.6.3.1 Stopping distance
· The stopping distance of a vehicle is the sum of the distance the vehicle travels during the driver’s reaction time (thinking distance) and the distance it travels under the braking force (braking distance). For a given braking force the greater the speed of the vehicle, the greater the stopping distance.
· (Physics only) Students should be able to estimate how the distance for a vehicle to make an emergency stop varies over a range of speeds typical for that vehicle.
· (Physics only) Students will be required to interpret graphs relating speed to stopping distance for a range of vehicles.
5.6.3.2 Reaction time
· Reaction times vary from person to person. Typical values range from 0.2 s to 0.9 s.
· A driver’s reaction time can be affected by tiredness, drugs and alcohol. Distractions may also affect a driver’s ability to react.
· Students should be able to:
· explain methods used to measure human reaction times and recall typical results 
· interpret and evaluate measurements from simple methods to measure the different reaction times of students
· evaluate the effect of various factors on thinking distance based on given data
5.6.3.3 Factors affecting braking distance 1
· The braking distance of a vehicle can be affected by adverse road and weather conditions and poor condition of the vehicle.
· Adverse road conditions include wet or icy conditions. Poor condition of the vehicle is limited to the vehicle's brakes or tyres.
· Students should be able to:
· explain the factors which affect the distance required for road transport vehicles to come to rest in emergencies, and the implications for safety
· estimate how the distance required for road vehicles to stop in an emergency varies over a range of typical speeds.
5.6.3.4 Factors affecting braking distance 2
· When a force is applied to the brakes of a vehicle, work done by the friction force between the brakes and the wheel reduces the kinetic energy of the vehicle and the temperature of the brakes increases.
· The greater the speed of a vehicle the greater the braking force needed to stop the vehicle in a certain distance.
· The greater the braking force the greater the deceleration of the vehicle. Large decelerations may lead to brakes overheating and/or loss of control.
· Students should be able to:
· explain the dangers caused by large decelerations
· (HT only) estimate the forces involved in the deceleration of road vehicles in typical situations on a public road.
5.7 Momentum (HT only)
5.7.1 Momentum is a property of moving objects
· Momentum is defined by the equation:
· momentum = mass × velocity
· p  = m v
· momentum, p, in kilograms metre per second, kg m/s
· mass, m, in kilograms, kg velocity, v, in metres per second, m/s
5.7.2 Conservation of momentum
· In a closed system, the total momentum before an event is equal to the total momentum after the event.
· This is called conservation of momentum. Students should be able to use the concept of momentum as a model to:
· describe and explain examples of momentum in an event, such as a collision
· (physics only) complete calculations involving an event, such as the collision of two objects.
5.7.3 Changes in momentum (physics only)
· When a force acts on an object that is moving, or able to move, a change in momentum occurs.
· The equations F  =  m  ×  a and a = ( v – u) / t combine to give the equation F = m ∆ v / ∆ t where m∆v = change in momentum
· ie force equals the rate of change of momentum.
· Students should be able to explain safety features such as: air bags, seat belts, gymnasium crash mats, cycle helmets and cushioned surfaces for playgrounds with reference to the concept of rate of change of momentum.
· Students should be able to apply equations relating force, mass, velocity and acceleration to explain how the changes involved are inter-related.
Anticipated Gaps
· Learners can find the concept of action at a distance challenging. They have a tendency to believe that a velocity must have a positive value and have difficulty in associating a reverse in direction with a change in sign. It is therefore important to make sure learners are knowledgeable about the vector–scalar distinction. This is taught at the start of the topic and can be revisited throughout.
· Learners commonly have misconceptions about objects needing a net force for them to continue to move steadily and can struggle to understand that stationary objects also have forces acting on them.
· Difficulties faced by learners when trying to differentiate between scalar and vector quantities is the idea of objects with a changing direction not having a constant vector value, for example, objects moving in a circle. This issue also arises with the concept of momentum and changes in momentum of colliding objects. The use of computer simulations and practical activities can help to address this misconception.
· Learners commonly have difficulty understanding that the weight of an object is not the same as its mass from the everyday use of the term ‘weighing’. Teachers could a memory prompt to help distinguish between the two terms (e.g. m,a for ‘mas’s, m,a for ‘matter’). 

	New key terminology students will be taught during this topic/unit

	Acceleration: The rate of change of velocity. It can be calculated from the gradient of a velocity-time graph.
*Atmosphere: The thin layer of air surrounding the Earth, which gets less dense with increasing altitude.
Braking Distance: The distance a vehicle travels under the braking force. This can be affected by adverse road and weather conditions as well as the condition of the vehicle.
Centre of Mass: The single point through which the weight of the object can be said to act.
Changes of Momentum: When a force acts on a moving object, or one an object that has the ability to move, a change of momentum will occur. The force is equal to the rate of change of momentum.
Conservation of Momentum: The total momentum of a system before an event is always equal to the total momentum of the system after the event.
Contact Forces: A force that occurs when objects are physically touching.
Displacement: A measure of how far an object moves in a given direction. It is the straight line between the starting and finishing points and is a vector quantity.
Distance: A measure of how far an object moves, that does not depend on direction and is therefore a scalar quantity.
Elastic Deformation: Non-permanent deformation which allows the object to return to its original shape when the deforming forces are removed.
Elastic Limit: The force beyond which an object will no longer deform elastically, and will instead deform plastically.
Elastic Potential Energy: The energy stored in a spring when it is stretched or compressed, due to the work done on the spring by the deforming force. It is equal to the work done as long as the object does not plastically deform.
Equilibrium: An object is in equilibrium if the resultant force and resultant moment are both equal to zero.
*Floating: An object will float if the volume of liquid it displaces has a greater weight than that of the object itself. The upthrust acting on the object is greater than its weight.
*Fluid: A liquid or gas.
Forces: A push or pull that an object experiences due to the interaction with another object. Force is a vector quantity.
Inertia: The tendency of an object to remain in its same state of uniform motion or rest.
Inertial Mass: A measure of how hard it is to change an object’s velocity. It is defined as the ratio of force over acceleration.
Limit of Proportionality: The point beyond which the extension of an elastic object is no longer directly proportional to the force applied to it.
*Moment: The turning effect of a force, equal to the product of the magnitude of the force and the perpendicular distance from the pivot to the line of action of the force.
Momentum: The product of an object’s mass and velocity.
Newtonmeter: A calibrated spring-balance used to measure weight.
Newton’s First Law: If a stationary object’s resultant force is zero, the object will remain stationary. If a moving object’s resultant force is zero, the object will continue to move at the same speed, and in the same direction.
Newton’s Second Law: An object’s acceleration is directly proportional to the force applied to it, and inversely proportional to its mass.
Newton’s Third Law: The forces that two objects exert on each other when they interact are equal and opposite.
Non-Contact Forces: A force that occurs when objects are physically separated.
Plastic Deformation: Permanent deformation which means the object will no longer return to its original shape when the deforming forces are removed.
*Pressure in a Column: The pressure in a column of liquid is equal to the product of the liquid’s density, the height of the column and the gravitational field strength.
Resolution of Forces: All forces can be resolved into two perpendicular components
that have the same effect as the single force.
Resultant Force: The single force that can replace all the individual forces acting on an object, and have the same effect.
*Resultant Moment: The single moment that has the same effect as the sum of all the other
clockwise and anticlockwise moments acting on an object.
Scalar Quantities: Quantities that only have a magnitude, not a direction.
*Sinking: An object will sink if the volume of liquid it displaces has a lower weight than that of the object itself. The upthrust acting on the object is lower than its weight and so there is a resultant downwards force.
Speed: A scalar quantity that is a measure of the rate of increase of distance.
Spring Constant: A measure of a spring’s stiffness, which is the constant of proportionality for a spring’s extension. The higher the spring constant, the smaller the extension is for a given force.
Stopping Distance: The sum of the thinking and braking distances.
Thinking Distance: The distance a vehicle travels during the driver’s reaction time. Typical human reaction times are in the range of 0.2-0.9 seconds. This reaction time may be affected by tiredness, drugs or alcohol.
Upthrust: The upward force acting on an object in a fluid, due to it experiencing a greater pressure below it than above it.
Vector Quantities: Quantities that have both a magnitude and direction. They are represented by an arrow, with the length representing the magnitude and the arrowhead representing the direction.
Velocity: A vector quantity that is a measure of the rate of change of displacement. It is the speed in a given direction.
Weight: The force acting on an object due to gravity. It is equal to the product of the object’s mass and the gravitational field strength at its location.
Work Done: Work is done on an object when a force causes it to move through a distance. It is directly proportional to the distance travelled and the magnitude of the force in the direction of motion.


	Plan for Assessment 

	Informal assessment is ongoing through homework, classwork, practical work, contributions to class discussion/group work.

Formal assessment. Students complete an examination in class out of 50 marks. Each score will be reported out of 100 as a ‘Science Point Score’. Similar to UMS, each assessment will be standardised with a mark relating to a science point score- the scale of which will depend on the difficulty of the examination. This will ensure standard scoring across the 3 disciplines. The Science Point Score will be determined from the performance of the cohort – similar to the methodology used for the GCSE examinations. 

All assessments carried out in Year 9 are split into Foundation Tier and Higher Tier.
It is recommended students in Set 1–2 (for a 4 class band) or Set 1-3 (for a 5/6 class band) will take the Higher Tier assessments. 
It is recommended students in Set 3–4 (for a 4-class band) or Set 4-6 (for a 5/6 class band) will take the Foundation Tier assessments. 
The final decision of tier entry for individual students is at the discretion of the teacher.
Students do not have to sit the same tier in the different Science subjects.
Higher tier assessments can attain Science Point Scores from 0 – 100 points.
Foundation tier assessments can attain Science Point Scores from 0 – 69 points.
The Science Point Score will allow for students to compare results across the three subjects.

The content of the examination is as follows:

	Section of Assessment
	Content

	Section A


	GCSE style questions based on previous topics. Some how science works questions embedded.

	Section B


	GCSE style questions based on current topics learnt. Some how science works questions embedded.



This examination will be set by the HoD and will not be known to the class teacher in advance. 
Teachers are to record centrally 1 single mark out of 50 for the final assessed examination. Teachers may choose to record the marks in their planner. Feedback on the examination should be minimal and students spend time after the examinations self-reflecting, indicating three areas of strength in their assessment performance and three areas to develop in line with the Year 10 frameworks.






