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

	Students are taught the following topics ‘Mechanics and materials’ and ‘Gravitational  Fields’.
Students are taught the topics so that they can gain a full understanding of the core principles of Physics and enable them to achieve their full potential at A level.


	Prior knowledge needed for this unit/topic from previous teaching

	Mechanics and materials
Students should be able to:
· express a displacement in terms of both the magnitude and direction.
· 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.
· make measurements of distance and time and then calculate speeds of objects.
· Recall and apply the equation distance travelled = speed × time
· calculate average speed for non-uniform motion.
· estimate the magnitude of everyday accelerations.
· draw velocity–time graphs from measurements and interpret lines and slopes to determine acceleration
· interpret enclosed areas in velocity–time graphs to determine distance travelled (or displacement)
· measure, when appropriate, the area under a velocity–time graph by counting squares.
· recall and apply the equation acceleration = change in velocity ÷ time taken
· apply the equation final velocity2 − initial velocity2 = 2 × acceleration × distance
· draw and interpret velocity–time graphs for objects that reach terminal velocity
· interpret the changing motion in terms of the forces acting.

Gravitational Fields
Students should be able to:
· explain qualitatively, with examples, that motion in a circle involves constant speed but
changing velocity.
· describe the interaction between pairs of objects which produce a force on each object. The forces to be represented as vectors.
· recall and apply the equation weight = mass × gravitational field strength
· use vector diagrams to illustrate resolution of forces, equilibrium situations and determine the resultant of two forces, to include both magnitude and direction (scale drawings only).


	Rationale for students studying this unit/topic 

	
Mechanics and Materials

Rationale for studying this topic
This topic continues development of the student’s knowledge and understanding of forces, energy and momentum. Ideas of energy, forces and motion support the introduction of gravitational fields and and are a fundamental part of physics and engineering. It can help students see how simple equations can model accurately the world to predict future events and to analyse the present.

Rationale for timing of this topic
This topic supports the work on gravitational fields which is not required for particles or electricity hence its introduction after those topics. 

Gravitational Fields

The concept of field is one of the great unifying ideas in physics. The ideas of gravitation, electrostatics and magnetic field theory are developed within the topic to emphasise this unification. Many ideas from mechanics and electricity from earlier in the course support this and are further developed. Practical applications considered include planetary and satellite orbits and these topics have considerable impact on modern society. The concept of a field is hugely important in physics (traditionally as a model to explain action-at-a-distance effects). In classical physics the known forces (gravitation and electromagnetism) were modelled incredibly successfully as fields, with a great many applications to industry and society as a whole.

More recently, QED (quantum electrodynamics), often quoted as the most accurately tested theory known to man, is in essence nothing more than a theory about electric fields. Although the modern view of a field is quite different to the classical one, fields are an essential cornerstone of physics.


Rationale for timing of this topic
Gravitation is a great starting point for the subject of fields, introducing and developing concepts that are found in all field physics (such as field strength and potential), and it also gives an opportunity for revising Circular Motion and Energy.


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

	
Mechanics and Materials
Students need to know:
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Anticipated Gaps
· Students can often struggle when trying to translate the words of a problem or when trying to interpret a diagram into a series of equations to be solved. These equations can often be very simple to solve when they are written down on paper. The key will be for students to get plenty of experience and practice in order to increase their modelling confidence. Lots of examples from exam questions and wider practical examples are used.
· It is also worthwhile talking through the significance of the key modelling words that can be found in exam questions. For example connected particles questions contain the wording “light inextensible string”.  “Light” is a keyword for students to indicate that they can ignore the string’s mass in their equations. “Inextensible” is there to show that, since the string length is constant the particles at the ends of the string must have the same magnitude of acceleration and speed when the string is taut.  These keywords will help students to realise the extent of the content, so that they understand what they do not need to consider in their modelling and hence stop them needlessly overcomplicating their approaches. As teachers we do not find these terms too challenging but students, with everything else that they are asked to do, can be completely confused by the most innocuous of phrases. It is easy for us to take some of the contexts for granted in questions. 
· Pre-reading material is provided and topics are linked to a class book containing summaries and example questions directly support the taught content, as do homework booklets.
· Questions set have been chosen to support the student’s knowledge in these critical areas.
· Independent study booklets have been produced and will be used to support an afterschool intervention session for all Y12 students or for use in independent study time.

Gravitational Fields
Students need to know:
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Anticipated Gaps:
· Common student misconceptions can include:
· gravity is related to movement, proximity to Earth, or magnetic fields
· the Moon has no gravity
· planets with thin atmospheres have little gravity
· planets distant from the Sun have less gravity
· gravity is stronger between the most distant objects
· space shuttle astronauts are weightless because there is no gravity above earth
· It is a common student misconception that the strength of the Earth’s gravitational field increases with depth, and this misconception could arise because of the correct notion that if it decreases with increasing height, then surely it must increase with depth.
· Students should be familiar with the difference between mass and weight, as this is covered at lower level study. However, a quick reminder will be of value, since understanding the difference is an important foundation of the study of gravitational fields.
· Students may have the misconception that the value of g drops rapidly above the surface of the Earth until it becomes zero at the altitude of orbiting satellites (resulting in the erroneous belief that they orbit because they have escaped from the Earth’s gravitational field), but it does not and this misconception needs to be addressed as soon as possible.   
· Lots of examples from exam questions and wider practical examples are used.
· Pre-reading material is provided and topics are linked to a class book containing summaries and example questions directly support the taught content, as do homework booklets.
· Questions set have been chosen to support the student’s knowledge in these critical areas.
· Independent study booklets have been produced and will be used to support an afterschool intervention session for all Y12 students or for use in independent study time.



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

	
Mechanics and Materials
· Conservation of Energy: ​Energy cannot be created or destroyed - it can only be transferred into different forms.  
· Conservation of Momentum: ​The total momentum of a system before an event, must be equal to the total momentum of the system after the event, assuming no external forces act. 
· Couple: ​Two equal and opposite parallel forces that act on an object through different lines of action. It has the effect of causing a rotation without translation. 
· Elastic Collision: ​A collision in which the total kinetic energy of the system before the collision is equal to the total kinetic energy of the system after the collision.  
· Equilibrium: ​For an object to be equilibrium, both the resultant force and resultant moment acting on the object must be equal to zero. 
· Impulse: ​The change of momentum of an object when a force acts on it. It is equal to the product of the force acting on the object and the length of time over which it acts.
· Inelastic Collision: ​A collision in which the total kinetic energy of the system before the collision is not equal to the kinetic energy of the system after the collision.  
· Moment: ​The product of a force and the perpendicular distance from the line of action of the force to the pivot.  
· Momentum: ​The product of an object’s mass and velocity. 
· Newton’s First Law: ​An object will remain in its current state of motion, unless acted on by a resultant force. An object requires a resultant force to be able to accelerate.
· Newton’s Second Law: ​The sum of the forces acting on an object is equal to the rate of change of momentum of the object.  
· Newton’s Third Law: ​Every action has an equal and opposite reaction. If an object exerts a force on another object, then the other object must exert a force back, that is opposite in direction and equal in magnitude. 
· Principle of Moments: ​For an object to be in equilibrium, the sum of the clockwise moments acting about a point must be equal to the sum of the anticlockwise moments acting about the point. 
· Scalar: ​A scalar quantity is one that only has a magnitude. Examples include length, mass and temperature. 
· Terminal Speed: ​The maximum speed of an object that occurs when the resistive and driving forces acting on the object are equal to each other. 
· Vector: ​A vector quantity is one that has both a magnitude and a direction. Examples include velocity, displacement and acceleration. 

Further Mechanics and Thermal Physics
· Equipotential: ​A surface of constant potential. No work is done by the field when an object moves along an equipotential.  
· Escape Velocity: ​The minimum velocity required by an object to be able to escape a gravitational field of a mass when projected vertically from its surface. 
· Field Line / Line of Force: ​A line representing the path that a north pole (magnetic field), positive charge (electric field) or mass (gravitational field) would take when placed within the field. 
· Force Field: ​An area in which an object will experience a non-contact force. 
· Geostationary Satellite: ​A satellite that orbits above the equator with a 24 hour period, so it will always remain above the same position on the Earth. They orbit approximately 36,000km above the surface of the Earth. 
· Gravitational Field: ​A region surrounding a mass in which any other object with mass will experience an attractive force. 
· Gravitational Field Strength: ​The force per unit mass exerted on a small test mass placed within the field. 
· Gravitational Potential, V (at a point in the field): ​The work done per unit mass required to move a small test mass from infinity to that point. 
· Gravitational Potential Energy: ​The component of an object’s energy due to its position in a gravitational field. 
· Kepler’s Third Law: ​The square of an object’s orbital period (T) is directly proportional to the cube of its orbital radius (r) – T​2​​∝​ r​3​
· Potential Gradient: ​The change of potential per metre at a point in the field.  Radial Field: ​A field in which the field lines are all directed towards a single point (e.g. the centre of a planet or a point charge). 
· Synchronous Orbit: ​An orbit in which the period of the orbit is equal to the rotational period of the object that it is orbiting. 
· Uniform Field: ​A field in which all of the field lines are parallel and equally spaced – field strength is equal in all areas of the field.


	Plan for Assessment 

	SMP TO WRITE
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