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Introduction

Background

A new structure of assessment for A Level has been introduced, for first teaching from September 2008. Some of the changes include:

· The introduction of stretch and challenge (including the new A* grade at A2) – to ensure that every young person has the opportunity to reach their full potential

· The reduction or removal of coursework components for many qualifications – to lessen the volume of marking for teachers

· A reduction in the number of units for many qualifications – to lessen the amount of assessment for learners

· Amendments to the content of specifications – to ensure that content is up-to-date and relevant.

OCR has produced an overview document, which summarises the changes to Physics. This can be found at www.ocr.org.uk, along with the new specification.
In order to help you plan effectively for the implementation of the new specification we have produced this Scheme of Work and Sample Lesson Plans for Physics. These Support Materials are designed for guidance only and play a secondary role to the Specification.  
Our Ethos

All our Support Materials were produced ‘by teachers for teachers’ in order to capture real life current teaching practices and they are based around OCR’s revised specifications. The aim is for the support materials to inspire teachers and facilitate different ideas and teaching practices.
In some cases, where the Support Materials have been produced by an active teacher, the centre logo can be seen in the top right hand corner

Each Scheme of Work and set of sample Lesson Plans is provided in:

· PDF format – for immediate use

· Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work and sample Lesson plans provide examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.
A Guided Tour through the Scheme of Work

 SHAPE  \* MERGEFORMAT 



	GCE Physics A: H158. G481 Mechanics 

	Suggested teaching time
	13 hours
	Topic
	Motion              Physical quantities And units, scalars and vectors, kinematics and linear motion                                  

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	[image: image4.png]1.1.1 Physical Quantities And Units: (Magnitude and Unit)


	Introductory discussion of what a physical quantity is, students giving examples
Short practical involving measurement 

A ‘circus’ where students are asked to estimate the following quantities and assign appropriate units:  mass of an calculator, a rock, a person, etc; the time of fall of a ball, a toy car down a ramp, etc; length of a table, height of person, width of the laboratory, length of their pen, etc;  and temperature of a water in a mug; their body temperature, temperature of a flame, etc. Students are then given appropriate measuring tools (top-pan balance, scales, thermometer, metre rule, temperature probe, etc) to check their estimates. This is followed by discussion of quantities, their units and prefixes
Students report back, discussion to draw out importance of units with measurements of mass, length, volume and density


	Pan-top balance

Rulers, vernier calipers, micrometer

Scales, thermometer, meter rule, temperature probe etc. 


	Many virtual laboratory type resources or on-line simulations are available. Some examples from “Absorb Physics for A level” have been included in this SOW
(Many useful experiments exist online as well as in the OCR endorsed book). A good starting point is www. practicalphysics.org  

Practical activity also to introduce new devices (micrometers, vernier calipers) and to allow discussion of accuracy of measurement and errors



	Physical Quantities And Units:

SI prefixes
	Homework: Students are given a list of quantities and they have to use textbooks or the Internet to find the magnitude of quantities. This is used as the basis for discussion

From size of a molecule or using material to cover a range of orders of magnitude (e.g. sizes from nucleus/atom through to size of galaxy/observable universe, introduce standard form notation (or scientific notation) and use of prefixes

[Can also use the session for calculator practice – use of exp or 10x button] Practice questions and consolidation
	Powers of ten video (Charles and Ray Eames, Image Entertainment)

Question sheet with practice converting from standard form to a given prefix and vice-versa
Quick test on units and prefixes – students to mark each other’s work

End of topic test
	Website version at http://micro.magnet.fsu.edu/ primer/java/scienceopticsu/powersof10
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1.1.2 Scalars and vectors - introduction
	Student pairs to discuss when direction is and isn’t important, come up with list of each

Teacher to lead discussion to definition of vector and scalar and ask small groups to sort cards into groups of scalars and vectors
Homework: Students to make a list of vector and scalar quantities from GCSE Science/Physics) 
	Cards with quantities, mostly familiar from GCSE, such as force, speed, distance, power, energy, temperature, acceleration, velocity etc
	Each lesson can end with: ‘List three things you have learnt from today’s lesson. Each student to have their say – teacher verbally summarises key snippets

AND

Most lessons can start with a 5 min test of ‘what happened in the last lesson’

Absorb Physics for A level 
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Dynamics – Scalars and vectors
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Scalars and vectors – resultant vectors
	Starting with question to be given on adding displacements, possibly around the laboratory
Practical to investigate addition of coplanar forces (Point to note - This should only be done once students are confident with adding displacements)

Introduce idea of representation with arrows and adding tip to tail

Extend to general method for any vector quantities

Practice questions to reinforce method, esp. for perpendicular vectors

	Devise “treasure hunt” along the lines
 of 2 paces north, 5 east etc

[image: image9.wmf]Ideally on forces boards such as Pasco equipment with mass hangers and masses

Question sheet with various vectors to be added and found graphically including displacements, velocity (e.g. plane flying in cross-wind, swimmer going upstream) and forces acting on an object
	Remind students of properties of triangles – Pythagoras and trigonometry
Offer support material to weaker students

Sine and cosine rules for able students tackling non-perpendicular vectors     

	Scalars and vectors – resolving vectors
	Introductory experiment – Ask a volunteer to drag a load at various angles to the horizontal. Use this to discuss resolving a force and its component
Practice questions on resolving forces
Extend this to other vectors such as displacement, velocity and acceleration

Show how resolved components vectorially add to produce the vector

Give examples to show usefulness and as an alternative to drawing scale diagrams
	Class examples e.g. forces on para-glider with given tension in rope to find horizontal drag and vertical lift

End of topic test
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1.1.3 Kinematics (Definitions)
	Discuss quantities used to describe motion. Link to GCSE work
Define displacement, instantaneous speed, average speed, velocity and acceleration

Ensure the derived units for each are clear

Use example of speed cameras measuring average speed over a short period and GATSOs measuring instantaneous velocity with Radar (radio waves)
	Use of position sensor, light gates or ticker-timer to gather data for a trolley on a slope to illustrate definitions
Problem-solving activities relating to examples of motion and converting units for distance and speed (e.g. mph to ms-1)
	Students could gather and analyse data from websites e.g. for sprinters, formula one racing, bungee jumpers etc.

Absorb Physics for A level

Kinematics – Speed

Velocity and acceleration
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Kinematics (Graphs)
	Link from an example in previous section to represent motion using s/v/a against t graphs. Illustrate links between them, in particular velocity from gradient of s-t graph, displacement from area under and acceleration from gradient of v-t graph
	Use data gathered experimentally or by demonstration in previous section to illustrate the motion graphically
Include example of free-fall represented graphically

Investigate the motion of a pull-back
 toy car or similar toy

End of topic test


	Absorb Physics for A level

Kinematics – Distance time graphs

Velocity time graphs

	1.1.4 Linear Motion


	Represent a typical motion on a v-t graph introducing notation of suvat. Use the velocity-time graph to derive directly v = u + at, s = 1/2(u+v)t and s = ut + ½at2, and combine to give v2 = u2 + 2as
Make explicit the link s ( t2 for an object starting from rest, e.g: trolley on a ramp, link to experimental work of Galileo. Historical importance of turning point of using experimental data in the scientific method and how this overturned Aristotle’s ideas

Projectile motion: Independence of perpendicular components of motion. Introduce with “monkey and hunter” type context

Explain examples of projectile motion in two dimensions, calculations of range, time of flight etc
Uniform acceleration of freefall

Experiment to determine acceleration of freefall
	Work through clearly and also refer students to relevant sections of a textbook to consolidate
Power law through spreadsheet analysis of motion studied above or with new practical work

Students wanting extension reading could see original writing of Galileo, e.g. in
 Steven Hawking’s “On the 
 Shoulders of Giants” or read 
“Galileo’s daughter” by
 Dava Sobel 

Monkey and Hunter apparatus or Pasco projectile catcher demonstration. Video record projectile motion of balls, water jets etc or see on professional videos on motion

Consolidate understanding and develop problem-solving skills using worked examples and many questions for students to work through

Demo of feather and guinea in evacuated tube 

Electromagnet and trapdoor, ticker-timer attached to heavy object, light gates or other methods. Graphical analysis to find g.

End of topic test
	Clear explicit exposition required to derive equations. Mathematically weaker students may struggle here. Use of equations can be consolidated with problem-solving practice 

Useful document in practicalphysics.org - forces and motion section - guidance “using speed time graphs to find an equation”

Historical approach can be taken illustrated by work of Galileo to emphasise HSW. Compare to Aristotle’s ideas. Historical point of need to understand motion of a cannon ball important in a turbulent Europe of the time.

Absorb Physics for A level

Kinematics – Equations of Motion

Projectiles
Online video clip of feather and hammer drop on the moon at http://www1.jsc.nasa.gov/er/seh/feather.html
Emphasise graphical method for several different heights to average data using  l.o.b.f
Can use different methods and compare accuracy of the experiment

There are opportunities to discuss systematic and random errors

	Summary of 1.1 Motion
	Students summarise each topic – these ideas are shared. A poster of key definitions and list of equations produced for the laboratory)

Assignment or test to ensure students start to learn and apply key concepts
	Teacher lead or students in groups. Mind-maps or summary posters

Assignment or test from old OCR spec A  module 1 (2821) papers 
	Students could produce a summary PowerPoint 


	GCE Physics A: H158. G481 Mechanics

	Suggested teaching time
	14 hours
	Topic
	Forces in action                    Force, non-linear motion, equilibrium and car safety                                     

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	1.2.1 Force (F = ma)
	Practical to investigate acceleration of trolley with varying force and varying mass of trolley
Conclusions of a ( F and a ( 1/m
Develop link of F ( ma, with constant of proportionality 1 with S.I. units

Definition of the newton
Emphasise that F and a are always in the same direction
	Low-friction trolley (or trolley on friction-compensated slope) accelerated with mass pulling on cord over a pulley. Additional masses to add to trolley


	Linear air-track also an option

Could use spreadsheet to analyse
      data

Measure acceleration with motion sensor, light gates or ticker-timer

To find force on trolley from pull of mass, concept of weight is needed, developed in section 1.2.2 (d) and (e) or students can use weights that have been already labelled in newtons by the lab technician

	Using F = ma
	Solve problems with F = ma
Link equations of motion for constant acceleration with F = ma
Emphasise resultant force is F in F = ma
Develop appreciation and give examples of mass increasing as v tends to c, limiting the use of F = ma to classical problems

Discussion on benefit of using simpler model when applicable (HSW)
	Question sheets or text book questions with relevant problems. Include questions where resultant force needs to be considered, not single forces only

Student research into “rest mass” and relativistic mass, increasing as speed becomes a significant fraction of speed of light

Extension – discuss the meaning of classical physics, its successes 
 and limitations

Mention m = m0 / ((1-v2/c2) for those who are curious 

End of topic test
	Absorb Physics for A level

Dynamics – Newton’s 2nd Law

This topic is new compared to the old OCR AS specification A. It was covered in the Cosmology option of module 5. Historically note that an explanation for electron motion at high speeds in evacuated tubes was that the electron mass increased with speed, observed before 1905 when Special Relativity was developed by Einstein

	1.2.2 Non-linear motion – effects of resistive forces
	Investigate motion when friction or drag not negligible

Investigate factors that affect drag

Emphasise that drag always opposes motion

Examples of determining force, hence acceleration, in presence of drag

Video-record fall of an object with a parachute against a metre rule for calibration. Use to record an s-t 
      graph, find a v-t graph from the 
gradient and then an a-t graph
from that

Define weight of an object as the gravitational force acting on the object
Weight = mass x acceleration of free fall

W = mg
Describe motion of bodies falling in uniform gravitational field with drag and develop idea of terminal velocity. Practice question on qualitative description of forces of object dropped from rest and/or a projectile when drag not negligible
	Student  activity: Each student is given a size A4  paper and the challenge is to design an inverted parachute (a cone) that will take the longest to time to fall a given distance

Use the above activity to discuss air resistance (drag) and the factor affecting drag

Simple demo of sliding block along bench. Dropping objects with parachutes. Dropping ball-bearing into glass tube of glycerine or oil (retrieve with a magnet)

Use context of racing cars or other vehicles. Parachutes used in drag racers or planes for aircraft-carrier landings

Show, compare and discuss spring-balances/ newton-meters calibrated in kg or N

Would they work on the moon etc?

Video clips of sky-divers

Link back to investigations at top of this section

End of topic test
	Distinguish between friction (between solids) and drag (of fluid on an object)

Clarify fluid can be liquid or gas

Absorb Physics for A level

Statics, moments and turning
      forces- Friction

Absorb Physics for A level

Dynamics – Weight and Mass

g defined here as acceleration of free fall. Some teachers prefer gravitational field strength, but for the students return to this when studying fields at A2 in 4.2.2

	1.2.3 Equilibrium (Triangle of forces)


	Recall finding resultant vectors previously

Class experiment: Three coplanar forces in equilibrium. Students use the angles and forces to vectorially add the three forces

Discuss how the resultant of any two forces is equal and opposite to the third force

Find resultant when an object is in equilibrium – show this is always zero

Discuss significance of this for drawing 3 forces in equilibrium – triangle of forces
	Newton meters /weights acting on object in equilibrium


	Forces boards e.g. PASCO ideal for this

	Equilibrium (Centre of gravity)


	Investigate how simple shapes hang from corners and when objects tip over

Lead on to idea of weight acting through a single point and give definition of centre of gravity (a point where the entire weight of an object appears to act.)

Use hanging cards again with more complex or irregular shapes to find C of G
	Various shaped thick card hung from corners. Tipping of different shaped blocks
	Absorb Physics for A level

Statics, moments and turning forces

Stable structures

	Equilibrium (Moments, couple and torque)
	Initial round of practicals or demos showing turning effects in a range of situations. Discussion leading to idea of turning effect proportional to force and distance from pivot

Define moment of a force and give unit
Relate back to concept of equilibrium, discussion or use of simple see-saw again leading to law of moments

Challenge students in small groups to think of an example of equilibrium where the net force or net moment isn’t zero – clarify both as necessary conditions for equilibrium

Examples of using the law of moments to solve problems, including biceps/weight of arm/load in the forearm

Practical to find unknown weight of an object using moments

Practical to find C of G of a person

Introduce idea of couple (eg 2 hands on steering wheel) and define (a pair of forces that tend to produce rotation only – equal and opposite but with different lines of action)

Get students to calculate the total moment of a couple around various points – always F x d

Define and apply torque, eg torque from engine equating to force at the rim of a wheel of given radius
	For example opening door at different distances from hinge, simple see-saw, spanners with different length handles, different size crow-bars etc
Consolidate understanding and develop problem-solving skills using worked examples and many questions for students to work through

Known and unknown masses,
 metre rules and knife-edges

Plank and two bathroom scales

Problem to find driving force using bicycle gears of various sizes, given force from foot on pedal of given length to wheel of certain radius
	Make explicit the change of term from “turning effect” to “moment”

Emphasise that moments can be around any point, not just an obvious pivot

Absorb Physics for A level

Statics, moments and turning forces

Moments and turning forces

	Equilibrium (Density and pressure)
	Define density as mass per unit volume. Discuss units. Simple demonstration or practical to determine density

Define pressure as force per unit area perpendicular to the force 

Discuss units and define the pascal
Simple demo or practical to measure pressure and observe imprints on plasticine

Problem solving exercise
	As first section in this unit if not done then
Different faces of rectangular block placed on plasticine or modelling clay and loaded with different masses

Problem-solving sheet to consolidate knowledge for density and pressure

End of topic test


	Alternative method in IoP’s Physics Education volume 42 No. 3 May 07 page 293 “Finding the density of objects without measuring mass and volume” by Mumba and Tsige

Definition of the pascal not explicitly in the specifications

	1.2.4 Car Safety
	Students to come up with definitions of thinking distance, braking distance and stopping distance in pairs. Check understanding. Student pairs to come up with list of factors that affect braking and thinking distances

Link deceleration when braking to a in equations of motion. Problem-solving activities

Assignment to research car safety features and produce poster or give a small presentation for a chosen feature. If not covered by students, describe components of an air bag

Emphasise the physics of these, relate F = m(v/(t so F ( 1/(t and crumple zones and air bags increase the time of deceleration. Link also to W = Fx (in section 1.3.1) so F ( 1/x

Student research into GPS and its usefulness. Could also discuss over-reliance on technology
	Highway code from Internet

Demo of trolley crashes with or without model crumple zones or into soft or hard targets and affect on a body attached to the trolley eg ball-bearing and magnet or egg sitting in open egg box. Challenge student to throw raw egg as hard as they can into a sheet held up at 4 corners (sagging enough for egg not to roll off)

End of topic test
	Many websites, eg howstuffworks.com

Euroncap.com/home
Students can make their own crumple zones to be tested. Save the egg competition

	Summary of 1.2 Forces in Action
	Students to summarise work so far in a mind-map or method that suits their learning style

Teacher to lead sharing of key concepts to whole class from groups to ensure specification fully covered. Assignment or test


	Assignment or test from old OCR spec A module 1 (2821) papers 
	 


	GCE Physics A: H158. G481 Mechanics

	Suggested teaching time
	13 hours
	Topic
	Work and energy             Work and conservation of energy, kinetic and potential energies, power and
                                        behaviour of springs and materials                                                                                                                        

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	1.3.1 Work and Conservation of Energy
	Initial discussion to make everyday uses of the words work, energy and power explicit and the need to scientifically define them

Introductory practical activities such as dragging a block with a newtonmeter, lifting weights, turning handle of electric dynamo, climbing stairs, pulley system etc
Discuss transfer of energy in each case, recap and state principle of conservation of energy. Link energy transferred to concept of work done

Define work done by a force and the joule
Examples and practice questions of calculating work done using Fx and Fxcos( and W = energy transferred
	Circus of suitable energy transfer machines. Results to be referred to in following sections on energy, power and efficiency

Practice questions for consolidation/ End of topic test


	Students find a definition of energy hard to come up with – ability to do work is useful although not in the specification

Also record times to calculate power in next section or define power at this stage and calculate power as part of this section

This should build upon prior knowledge from GCSE specifications

Remind students of calculation of component of distance moved in direction of force

Power/efficiency section (1.3.3 (d) (e) and (f)) could be done at this stage

	1.3.2 Kinetic and Potential Energies
	Use W = Fx to derive (GPE or EP = mg(h
Give formulae EK = ½mv2
Practice questions for simple examples. Extension question leading to 
      deriving EK = ½mv2
Examples and problems for an exchange of energy between KE and GPE, e.g. roller coaster, falling object from high building or down a well


	Estimate energy transferred by simple pendulum of given mass, measuring the height
Extension to find the velocity at equilibrium point 

Use a motion sensor or light gates to determine the speed of a toy car or a trolley down a ramp to show ‘KE ( GPE
Practice questions for consolidation/ End of topic test
	Students could try internet research to find masses and speeds of various objects such as people, horses, cars, planets around sun, jumbo jet, meteorites 
      etc and calculate KE in a simple 

spreadsheet
Students may use v2 = u2 + 2as to 
solve some, and this can be shown
 to be equivalent to 
(KE = Work done

	1.3.3 Power
	Discuss difference between, say, a powerful sprinter but the greater energy required to run longer distances

Define power and the watt. Examples and problem-solving exercise
	Calculate power for practicals in previous section

Examples of cranes, lifts, conveyor belts, vehicles etc
	Absorb Physics for A level

Momentum and Energy

Energy, work and power

	Power and efficiency
	Students to discuss useful energy transferred from their previous practicals and where energy is dissipated to other forms, esp. heat losses

Define efficiency and calculate where possible or using data gathered in new demo, e.g. pulley system

Students draw Sankey diagrams for some energy transfers on OHT. Use this to elucidate key points
	Pulley system with mechanical advantage, measuring effort, load and distances moved

End of topic test
	Sankey diagrams not in old OCR specification A

	1.3.4 Behaviour of Springs and Materials (Hooke’s law)
	Demonstration or practical with rubber or polythene as example of Hooke’s law not being obeyed

Class experiment: Force-extension graphs for springs, polythene sheet and rubber bands

Discuss salient points from these three experiments

Describe tensile and compressive forces. Experiment to stretch a spring beyond its elastic limit, measuring extension and unloaded lengths

Analyse results to find gradient of straight line section of F – x graph

Define and relate results to elastic and plastic behaviour, elastic limit, Hooke’s law and the force constant

Combine springs in series/parallel and discuss why k halves/doubles

Problem-solving activities
	Springs, masses, clamp stands, rulers, pointers

Students in different groups could use springs with different constants to get different gradients, then discuss physical meaning of this and relate to different values of k
Rubber band, polythene strip, masses, clamp stand, ruler, pointer, safety specs.  This should be done at the start – to bring ‘out’ key points and assess prior knowledge of students)
	Absorb Physics for A level

Mechanical Properties

Elasticity

Could discuss F – x axes being departure from the normal convention of what students expect for dependent and independent variables at GCSE

Historical detail – Hooke did much more than this, possibly even suggesting the inverse square law to Newton. Background reading: “The Curious Life of Robert Hooke: The Man Who Measured London” by Lisa Jardine
HSW discussion – universality of laws of physics, distinguishing between say, Newton’s laws and Hooke’s or Ohm’s law

	Behaviour of Springs and Materials (Energy stored)
	Recap W = F x from previous section. Discuss difference with stretching springs, final force not required for whole distance moved. Build up graph in steps to show W = area under graph = ½Fx = ½kx2
Experiment with catapult, toy gun, projectile launcher etc to calculate (from conservation of energy) and check speed of launch
	Students with necessary mathematics skills could consider W as integral of
 Fdx
Alternatively for weaker students who don’t understand the graph, explain using average force = ½F

Student to devise method of checking speed (e.g. measuring height reached when fired vertically)
	Risk assessment of firing projectiles, use of safety specs

	Behaviour of Springs and Materials (Young Modulus)
	Discuss how force, extension and the force constant vary depending on the size of the sample as well as the material used – cite same springs in pairs have different values of k

Introduce and define stress and strain as fairer comparisons of behaviour for different sized materials. Define Young Modulus

Students to work out units for these quantities
Practical to measure Young Modulus. Ensure a graphical approach to results analysis

Demonstration/practical to find shapes of stress-strain graphs for typical ductile, brittle and polymeric materials

Define and calculate UTS for sample materials


	Metre rules, micrometers, copper wire (28 gauge is suitable) pointers, G clamps and wooden blocks, bench-mounted pulleys, masses and hangers, safety spectacles

Results should show some ductile behaviour
Polythene strips for polymeric material if not done previously. Pulling melting glass rods for fine glass threads to test brittle material

Another practical task – Determining UTS for human hair. (opportunities here for designing an experiment ) 

End of topic test
	Absorb Physics for A level

Mechanical Properties

Young Modulus

Thomas Young was a fascinating character! Background reading: “The last man who know everything” by Andrew Robinson

Students can research how engineers use the Young Modulus and other physical properties to select suitable materials for specific jobs

Risk assessments for heating glass rods

	Summary of 1.3 Work and Energy
	Recap of work so far

Assignment or test
Module 1 mock exam
	Assignment or test from old OCR spec A module 1 (2821) papers.

Specimen paper for mock exam
	 


Sample GCE Lesson Plan: H158 Physics A
G481: Mechanics 

Conservation of Energy

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to recall and understand the: work, energy, power and the principle of conservation of energy. 

	Objective 2
	Students should understand that both energy and work are measured in joules (J).

	Objective 3
	Students should be able to calculate the work done by a force for a range of activities.

	Objective 4
	Students should be able to describe the energy changes taking place for a variety of systems.

	Objective 5
	Students should understand that work done = energy transfer.


Recap of previous experience and prior knowledge

Students have previously studied force and displacement, which are necessary to define and calculate work. This lesson should build upon this and their prior knowledge from GCSE specifications.

Content

	Time
	Content

	5 minutes
	Teacher to lead initial discussion to make everyday uses of the words work, energy and power explicit. For example:

· politicians seek power

· new jobless figures show the number of people in work rising

· A-level Physics is perceived as harder work than some other subjects

· not sleeping makes you feel drained of energy.

Students may be able to provide further examples.

From this show the need to scientifically define each term.
Firstly, without the definitions, ask what they understand by the terms energy and work. 

Create class list on the board of different forms of energy using a scribe.

	10 minutes
	Teacher provides the class with definitions of work, energy and power.

Discuss the unit of each term.

Define the joule (J).

Stress the link between work and energy transfer.

Teacher to explain practical activity circus such as dragging a block with a newtonmeter, lifting weights, turning handle of electric dynamo, climbing stairs, pulley systems etc. For each, observe and record the energy changes taking place for each system. Students should also focus on the input energy and the useful output energy for each system.

Where appropriate record quantitative data such as force and distance travelled in the direction of the force, and also time so data can be used in a following lesson to calculate power. 

	15 minutes
	Students to work around the activities in pairs - recording their observations and data. 

	10 minutes
	Teacher to get students in groups of 4 to discuss, agree and share their answers.

Groups of 4 to feedback to the whole class and agree entries in table of energy transfers for each system.  Any disagreement to be discussed and informed by the teacher.

Discussion of energy transfer, and that any energy not transferred to useful forms is dissipated as heat and sound, to lead to statement of the principle of conservation of energy. For Stretch and Challenge, explore what is meant by a ‘closed system’.

	5 minutes
	Emphasise the link between energy transferred and work done for each system. 

	5 minutes
	Teacher to work through two examples of calculating work done in the practical circus using information gathered by the students.

Students to calculate work done for other activities.


Consolidation

	Time
	Content

	5 minutes
	Recap ideas from lesson. Ask around the group for statement of conservation of energy, definition of work and the joule, and link between work and energy. Hand out set of practice questions or set work from a textbook.

	After lesson
	Practice questions for consolidation - examples and practice questions of calculating work done using Fx and W = energy transferred.

(Fxcos( is to be covered next lesson)


Sample GCE Lesson Plan: H158 Physics A
G481: Mechanics 
Drag and falling objects

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to recall that an object travelling in a fluid experiences a resistive force known as drag.

	Objective 2
	Students should be able to state the factors that affect the magnitude of drag.


Recap of previous experience and prior knowledge

Students will have just covered use of F = ma (section 1.2.1) in the previous lesson and have previously covered motion. This lesson links these ideas with ideas of resistive forces which are dependant upon motion, such as velocity determining the magnitude of the drag force as well as its direction, and the size of this force determining acceleration which alters velocity. This inter-relationship and getting students to see the links is a key objective of this lesson.

Content

	Time
	Content

	10 minutes
	Short and quick-fired questions to assess the prior knowledge of students of velocity, acceleration, net force, weight, units and F = ma.
Check and clarify that resultant force should be used for F, not any one force acting.
It is net force that determines the motion of an object. Illustrate this by sliding a wooden block across the laboratory bench.

Lead discussion on forces acting and why it slows. Check none of Aristotle’s ideas of inertia remain – the block slows due to a force, not because becoming stationary is its natural state.
Show this by rolling a ball bearing – negligible friction and drag means it keeps going.


	Time
	Content

	5 minutes
	Illustrate further by quick video clip of objects in space station moving between astronauts, eg section from Newton in Space at http://quest.nasa.gov/space/teachers/liftoff/newton.html (viewable with Realplayer).
Emphasise again that a resistive force opposes motion and can cause deceleration on a moving object. Friction between surfaces in contact is one such force.

	5 minutes
	Teacher to ask students to consider a car wheel accelerating (illustrate with a small toy vehicle or show quick video clip from any non-copyright source.) Pose questions: which way does the vehicle accelerate/which way is the force/what provides this/how does this friction oppose motion? Clarify the relative motion of the wheel to the ground and draw out conclusion that friction opposes the relative motion of the surfaces to each other, not necessarily the whole object.
Students have a short time to consider the forces involved between the floor and the shoes when walking. Give the definitive version of what happens.

	15 minutes
	Teacher to introduce idea of viscous drag in a fluid. 

Drop a ball and a sheet of paper from the same height.

Invite students to suggest the forces acting on the objects.

Discussion should lead to the idea of fluid resistance or drag.

Discuss the term terminal velocity.
Issue students with stopwatches and show ball-bearing dropped into glass tubes of glycerine and engine oil (retrieve balls with a magnet).
Students to time taken for different mass balls to fall a set distance between two markers in different fluids. Discuss how it can be checked that this is terminal velocity (e.g. compare times with equally spaced markers further down the tube).
Students in pairs to discuss the factors affecting the drag force
Students to feedback ideas to the whole class and teacher to ensure ideas such as diameter/’shape’/cross-sectional area, mass, speed and ‘viscosity’ of fluid are highlighted.

	10 minutes
	Teacher to show fall of an object with a parachute and video-record its fall against a metre rule for calibration
[An inverted paper cone falling through air is very aerodynamic and can be used an alternative to the parachute.] 

Could use a video done in advance to avoid technical difficulties. Ideally use a small less massive object that will reach terminal velocity within the distance to be recorded
Discuss how the motion changed during the drop and ask how this can be found quantitatively from the video
Play back video in slow motion or freeze-frame for students to record displacement at regular time intervals
[A motion sensor recording distance and time data can be used as an alternative to the video-technique.]

All students to get their own copy of the data for graph plotting activity


	Time
	Content

	10 minutes
	Teacher to remind students of links between graphs of displacement, velocity and acceleration against time. Introduce activity, to be completed after the lesson, of drawing such graphs for the motion just studied. Accuracy of plotting points, smooth curves of best fit and large gradient triangles to be emphasised. Remind of use of tangents to measure gradients of curves.

Students to use data to record a displacment against time graph, then deduce a velocity against time graph from the gradients of tangents along the curve.

If there is not much scatter in the data points, then as an extension exercise some students can: 

· deduce the acceleration against time graph from the velocity-time graph.

· find relationship between drag and velocity. 

Graph drawing and possible extension for some students to be completed for next lesson and checked.


Consolidation

	Time
	Content

	5 minutes
	Students in pairs to think of three things they learnt from the lesson and to jot each down in a single sentence or on a diagram.

Teacher to ask around the class for one from each pair until original learning objectives have been covered.

	
	Graphs to be checked in next lesson and qualitative explanations to be considered in detail for the motion of the object as it accelerates from rest to reach terminal velocity.

Out of class ideas can be reinforced by students going through textbook or electronic resource e.g. “Absorb Physics for A level” sections such as Statics, moments and turning forces – Friction.


Sample GCE Lesson Plan: H158 Physics A

G481: Mechanics 
Understanding vectors

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to distinguish between scalars and vectors.

	Objective 2
	Students should be able to give examples of scalars and vectors.

	Objective 3
	Students should be able to use scale diagrams or trigonometry to determine the resultant of two coplanar vectors

	Objective 4
	Students should be able to understand the ‘triangle of forces’.


Recap of previous experience and prior knowledge

Students should be aware of geometry of right-angled triangles (trigonometry and Pythagoras’ theorem from GCSE. Students have been introduced to a range of concepts and their units in section 1.1.1 as well as a range from GCSE science.

Remind students prior to the lesson to come equipped with a protractor and a 30 cm ruler.

Content

	Time
	Content

	5 minutes
	Teacher to remind students of physical quantities and their associated units from the previous lessons. 

Student pairs to state quantities for which direction is or is not important and come up with list of each.

	10 minutes
	Teacher to give definition of a vector and a scalar. 

Issue cards to students with list of quantities (e.g. force, speed, distance, displacement, power, energy, temperature, acceleration, velocity, work, pressure and time.)

Students in small groups to sort into two categories: scalars and vectors.

Teacher to check and gather in cards.


	Time
	Content

	10/15 minutes
	Teacher to distinguish between distance and displacement. Give out set of instructions for “Treasure Hunt” around the science block or laboratory following series of instructions (e.g. from door of physics lab, 10 paces towards Chemistry lab, turn right 900, 5 paces forward etc.) 

Students to follow treasure hunt, teacher to meet them at end with perhaps a small prize.

Teacher to question students to emphasis importance of direction as well as magnitude for displacement, and importance of direction in all vectors. Return to lab.

	10 minutes
	Teacher to illustrate how they did the vector sum of the treasure hunt by adding the vectors in space as if adding arrows “tip to tail.” Arrows as representations of vectors. Emphasise use of scale (or can use trigonometry).

Students to draw scale diagram of their treasure hunt to represent vector sum.

Follow the vector triangle for the treasure hunt with either some worked examples on the board or questions on adding displacements for the class.

	5 minutes
	Discuss how all vectors can be added using the same rule of vector triangle.

Discuss the ‘motion’ of an object that is acted upon by two coplanar forces at right angles to each other. (This could either be done on the board or the students can make their own predictions.) Discuss how a force equal in magnitude to the resultant of the two forces, but acting in the opposite direction, can be applied to the object to produce equilibrium.

Teacher to show an object with three forces acting on it e.g. on a Pasco forces board. Teacher to measure and students to record magnitude and direction of forces. Students draw a ‘triangle of forces’ from the measurements.

	5 minutes
	Students take their own measurements from the force board and construct their own ‘triangle of forces’. Be ready to discuss accuracy of measurements when some of the triangles do not ‘close’.

This can be followed by further questions from the textbook or a worksheet (e.g:Teacher Materials 1 – Cambridge University Press)


Consolidation

	Time
	Content

	5/10 minutes
	Teacher to give out question sheet or set questions from a textbook with various vectors to be added and found graphically including displacements, velocity (e.g. plane flying in cross-wind, swimmer going upstream) and forces acting on an object.

Start as time allows and complete for homework.


	Time
	Content

	5 minutes
	Recap lesson with questions to students on 

· the difference between scalar and vector

· definitions of vector and scalar

· examples of scalars and vector

· rule used to find the resultant of two vectors

· rule for equilibrium of three coplanar forces.


Sample GCE Lesson Plan: H158 Physics A

G481: Mechanics 
Energy Levels in Atoms

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to explain how spectral lines are evidence for energy levels in atoms

	Objective 2
	Students should be able to describe the origin of emission and absorption line spectra

	Objective 3
	Students should be able to apply 
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 to understand line spectra. 


Recap of previous experience and prior knowledge

Students will have studied the energy of a photon, the photoelectric effect and wave-particle duality. In the section on waves students will have studied the electromagnetic spectrum. This lesson ties in ideas of the frequencies of light with the energy of photons and how this reveals information about energy levels in atoms through line spectra.

Content

	Time
	Content

	5 minutes
	Teacher to assess the prior knowledge of the students by asking ‘Write down two things that you know about light.
Show a 12 V lamp being turned up and ask about the energy of the photons as the light goes from red to white. Describe this white light as a continuous spectrum and introduce lesson as using information from spectra to find out information about what produces it.

	10 minutes
	Students to observe emission line spectra from gas discharge tubes (e.g. hydrogen, sodium, mercury etc) with either hand held optical spectrometers or simply by using diffraction gratings placed in front of the eye. If available, optical spectrometers may be set up round the laboratory. 

Teacher to briefly describe how light is produced by the isolated gas atoms in the discharge tubes.
Show clear images of spectra on digital projector or OHP.

Teacher to make distinction of emission line spectra compared to continuous spectrum seen from the filament lamp.

	10 minutes
	Teacher to pose question of what we can learn about the electrons within the gas atoms in the discharge tube from the unique set of colours for each type of heated gas (element).
Teams of students to take role of electrons, standing at ‘discrete’ positions in laboratory with distance in one direction to represent energy Students have to decide what they have to do in order to emit ‘photons’. Teacher to show have the gap between the ‘energy levels’ governs the energy of the photon and hence the frequency of the light emitted.
How many ‘spectral lines’ can we see with 

· two ‘energy levels’?

· three ‘energy levels’ ? etc.

Groups to move on to next section when ready.

	5 minutes
	After this give the energies of the lines in the spectrum of a particular gas atom to a group along with a calibration scale (e.g. 1 eV per metre) to see if they can arrange themselves to give the required spectra. After a few minutes give them a card with the electron transitions for the spectral lines on it for them to create and check.

	10 minutes
	Teacher to elicit feedback from groups and ensure all have gained an understanding that atoms must have electrons in specific energy levels to produce emission line spectra. Clarify that excited electrons returning to lower energy levels must release energy and do so as an individual quantum of electromagnetic energy, i.e. a single photon. 

Recap energy of a photon as E = hf.
Invite the class to suggest what quantity is conserved when an electron transition produces a photon.
Relate energy levels to specific energies and jumps or transitions between energy levels to photon energy. That is: hf = E1 – E2 

(There is much scope for chemistry students to relate this idea to their course with electron orbitals, the periodic table and flame test identification of elements).

	10 minutes
	Students to form back into same groups and extend previous activity by providing a continuous spectrum of energy in one direction and producing absorption line spectra. Teacher to circulate again to ensure students move to an appreciation that electrons can gain energy to move to higher energy level by absorbing a photon of the appropriate frequency, which is then released in a random direction which produces absorption spectrum.

	5 minutes
	Teacher to lead class discuss to clarify how an absorption spectra is produced. Illustrate with images of stellar spectra and test identification of elements with spectra from different stars.
Use Google to search for some colour emission and aborption spectra.
The story of helium being discovered in the Sun before on Earth is relevant and interesting.


Consolidation

	Time
	Content

	5 minutes
	Students to complete a handout with a description of how emission and absorption line spectra are produced but with key words missing to be inserted. Students to swap work and check/correct their partners when correct words given.

	After lesson
	Students to complete assignment sheet with calculations involving c = fλ and hf = E1 – E2 in the context of line and absorption spectra.


Other forms of Support

In order to help you implement the new Physics specification effectively, OCR offers a comprehensive package of support. This includes:

OCR Training
Get Ready…introducing the new specifications
A series of FREE half-day training events are being run during Autumn 2007, to give you an overview of the new specifications.

Get Started…towards successful delivery of the new specifications

These full-day events will run from Spring 2008 and will look at the new specifications in more depth, with emphasis on first delivery.

Visit www.ocr.org.uk for more details.

Mill Wharf Training

Additional events are also available through our partner, Mill Wharf Training. It offers a range of courses on innovative teaching practice and whole-school issues - www.mill-wharf-training.co.uk. 

e-Communities
Over 70 e-Communities offer you a fast, dynamic communication channel to make contact with other subject specialists. Our online mailing list covers a wide range of subjects and enables you to share knowledge and views via email.

Visit https://community.ocr.org.uk, choose your community and join the discussion!

Interchange

OCR Interchange has been developed to help you to carry out day to day administration functions online, quickly and easily. The site allows you to register and enter candidates online. In addition, you can gain immediate a free access to candidate information at you convenience. Sign up at https://interchange.ocr.org.uk
Published Resources

OCR offers centres a wealth of quality published support with a fantastic choice of ‘Official Publisher Partner’ and ‘Approved Publication’ resources, all endorsed by OCR for use with OCR specifications.

Publisher partners

OCR works in close collaboration with three Publisher Partners; Hodder, Heinemann and Oxford University Press (OUP) to ensure centres have access to:

· Better published support, available when you need it, tailored to OCR specifications 

· Quality resources produced in consultation with OCR subject teams, which are linked to OCR’s teacher support materials

· More resources for specifications with lower candidate entries

· Materials that are subject to a thorough quality assurance process to achieve endorsement

The publisher partnerships are non-exclusive with the GCE Sciences being the only exception.  Heinemann is the exclusive publisher partner for OCR GCE Sciences.
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Heinemann is producing the following resources for OCR GCE Physics for first teaching in September 2008 [publication – Spring 2008]
Robert Hutchings, Roger Hackett             AS Physics Student Book and              ISBN: 9780435691820

                                                                  Exam Café CD-ROM (2008)

Graham Bone, Colin Gregory,                  AS Physics Exam Café CD-ROM 

David Webb, David Styles                        (included with Student Book) (2008)

Graham Bone Roger Hackett,                  AS Physics Teacher File and                 ISBN: 9780435691851
David Webb                                              CD-ROM (2008)

David Sang                                               Revise AS Physics for OCR (2008)        ISBN: 978043558329
Endorsement

OCR endorses a range of publisher materials to provide quality support for centres delivering its qualifications. You can be confident that materials branded with OCR’s “Official Publishing Partner” or “Approved publication” logos have undergone a thorough quality assurance process to achieve endorsement. All responsibility for the content of the publisher’s materials rests with the publisher.

These endorsements do not mean that the materials are the only suitable resources available or necessary to achieve an OCR qualification. Any resource lists which are produced by OCR shall include a range of appropriate texts.




































= ICT Opportunity 


This icon is used to illustrate when an activity could be taught using ICT facilities.





= Stretch & Challenge Activity 


This icon is added at the end of text when there is an explicit opportunity to offer


Stretch and Challenge.





= Innovative Teaching Idea


This icon is used to highlight exceptionally innovative ideas.
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