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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 ‘Further mechanics and thermal physics’.
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:
· 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 work done = force × distance moved along the line of action of the force
· describe the energy transfer involved when work is done.
· convert between newton-metres and joules.
· 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
· calculate a spring constant in linear cases
· interpret data from an investigation of the relationship between force and extension
· calculate work done in stretching (or compressing) a spring (up to the limit of proportionality) using the equation: elastic potential energy _= 0.5 _× spring constant_× extension 2
· describe examples in which forces cause rotation.

Further mechanics and Thermal Physics
Students should be able to:
· explain qualitatively, with examples, that motion in a circle involves constant speed but
changing velocity.


	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. It introduces the study of materials, considered in terms of their bulk properties and tensile strength. The physics is put into context by linking the properties of materials to their uses in engineering, construction, medical sciences and the manufacture of everyday objects. Human and cultural issues arise in considering the impact of materials on the environment, technology and society.

Rationale for timing of this topic
This topic along with electricity provide a good starting point for students who prefer to begin by consolidating work hence they fall in the middle of the Y12 SoW. This topic also gives an opportunity to develop an understanding of the limitations of measurements which have already been introduced. The possible techniques for considering the spread of
results, including error bars on graphs and giving an uncertainty to the final result, will be
used consistently throughout the course. Work carried out with tangible data such as lengths
and diameters of wires allows students to gain confidence in dealing with uncertainties.
This work also gives an opportunity to introduce or develop the good practice of focusing
attention on the largest uncertainty in an experiment, again building on earlier work.

Further mechanics and Thermal Physics

The earlier study of mechanics is further advanced through a consideration of circular motion and simple harmonic motion (the harmonic oscillator). A further section allows the thermal properties of materials, the properties and nature of ideal gases, and the molecular kinetic theory to be studied in depth. 

Rationale for timing of this topic
The study of further mechanics has a similar timing rationale to mechanics and materials. Circular motion and simple harmonic motion underpin a whole range of physical phenomena from electricity generation to electromagnetic radiation and the orbits of stars and planets.



	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
· Although earlier work will have covered the use of prefixes and numbers in scientific form, many students continue to find conversions difficult; for example converting cross-sectional
· area from mm2 to m2
· It is useful practice to use a micrometer to measure diameter in mm and thus calculate cross-sectional area in m2 as this will build confidence and develop useful practical skills. Similarly the use of a Vernier scale in determining the extension introduces another practical measuring device.
· A particular difficulty many students have with this topic is the terminology. This is not because the vocabulary is new, but because the scientific meanings are different from those in everyday use. Words such as elastic and plastic have very precise interpretations in physics, but in everyday conversation these words can take on different meanings. Many objects made of plastic have elastic properties and materials such as steel may be used to make objects which are elastic.
· Students find the concept that elastic potential (stored) energy is given by ½ Fx leading to ½ kx2 rather than kx2 based solely on “work done = force × distance moved in the direction of the force“ conceptually challenging.
· 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.

Further mechanics and Thermal Physics
Students need to know:
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Anticipated Gaps:
· Circular motion is embedded in many physics problems and can be one of the most challenging topics for students. There can be several misconceptions about circular motion, and especially about the forces that act upon a rotating object. One of the central misconceptions regarding circular motion is the existence of so-called centrifugal force: Students mistakenly believe that when an object spins in a circular path, there is real force acting on the object in the radial direction pulling it out of the path. Thus, one of the most frequently observed naïve explanations is that the gravity force mg is compensated by the centrifugal force on the top of the circular trajectory and thus, water does not spill down. 
· The use of demonstrations, videos and ‘thought experiments’ should help to address this along with extremely clear and specific explanations.
· 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
· Breaking Stress: ​The maximum stress that an object can withstand before failure occurs. 
· Brittle: ​A brittle object will show very little strain before reaching its breaking stress.
· Elastic Behaviour: ​If a material deforms with elastic behaviour, it will return to its original shape when the deforming forces are removed. The object will not be permanently deformed. 
· Elastic Limit: ​The force beyond which an object will no longer deform elastically, and instead deform plastically. Beyond the elastic limit, when the deforming forces are removed, the object will not return to its original shape. 
· Elastic Strain Energy: ​The energy stored in an object when it is stretched. It is equal to the work done to stretch the object and can be determined from the area under a force-extension graph. 
· Hooke’s Law: ​The extension of an elastic object will be directly proportional to the force applied to it up to the object’s limit of proportionality. 
· Plastic Behaviour: ​If a material deforms with plastic behaviour, it will not return to its original shape when the deforming forces are removed. The object will be permanently deformed. 
· Spring Constant: ​The constant of proportionality for the extension of a spring under a force. The higher the spring constant, the greater the force needed to achieve a given extension.  
· Stiffness: ​A measure of how difficult it is to stretch a given object. 
· Tensile Strain: ​The ratio of an object’s extension to its original length. It is a ratio of two lengths and so has no unit.
· Tensile Stress: ​The amount of force acting per unit area. Its unit is the Pascal (Pa).
· Young Modulus: ​The ratio of stress to strain for a given material. Its unit is the Pascal (Pa).

Further Mechanics and Thermal Physics
· Angular Speed: A measure of the speed of an object’s angular rotation. It is equal
to the frequency of rotation multiplied by 2𝝅.
· Centripetal Acceleration: The acceleration of an object moving in circular motion.
Any object in circular motion must have an acceleration since the direction of the
object, and therefore the velocity of the object, is constantly changing.
· Centripetal Force: The resultant force responsible for an object moving in circular
motion. Centripetal forces always act towards the centre of the object’s rotation.
· Critical Damping: The form of damping that reduces the displacement of an
oscillating object to its equilibrium position in the quickest time possible and
without further oscillation.
· Damping: The dissipation of energy from an oscillating system. The consequence
is that the amplitude of oscillation will decrease. Damping occurs when a force
opposes the system’s motion.
· Forced Vibrations: Repeated up and down oscillations, at the frequency of a
driver. The amplitude of oscillation is small at high frequencies and large at low
frequencies.
· Free Vibrations: Oscillations that are not caused by a driver. An object will
naturally oscillate at its natural frequency.
· Overdamping: A type of damping where the system is damped more than
required to stop the oscillations. It takes longer for the system to return to
equilibrium than for critical damping.
· Radian: A unit of angle.
· Resonance: Resonance occurs when the frequency of oscillations is equal to the
natural frequency of the oscillating system. The rate of energy transfer is at a
maximum during resonance.
· Simple Harmonic Motion: Motion where the acceleration of an object is directly
proportional, and in the opposite direction, to its displacement.
· Underdamping: A type of damping where energy is gradually removed from the
system and the amplitude of oscillations slowly decreases.


	Plan for Assessment 

	All A level assessments are constructed using real exam styles questions, from the latest specification. Papers include a variety of assessment objectives and styles of questions. Initially assessments will cover fewer types of questions due to the smaller amount content covered. However, in Year 13 and in mock exams all assessment objectives and question styles are covered. Students will sit end of topic assessments in class; however mocks will be based on the realistic times and demands of the exams. Students will also be assessed on homework, class work and independent work as well.






image3.emf

image4.emf

image5.emf

image1.emf

image2.emf

