	AQA - A2 Physics B
	

	
	

	3.4  Unit 4: Physics Inside Out
	

	
	

	3.4.1 Experiences out of this world

	 
	 

	A  Attracted to the Earth
	 

	Assessable learning outcomes
	Advanced Physics spread

	The effect of gravity in producing weight. Gravitational field strength; w = mg ; The apparent weight in lifts.
	5.1

	ma=R±mg in lift: development of concepts met at AS.
	—

	Spherical bodies moving through a viscous medium on Earth - Stokes' law (at terminal velocity only). mg = 6ηavt 
	3.9, 3.25
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	5.2

	Inverse square variation of g with separation from the centre of the Earth for positions above the Earth.s surface. Variation of g for distances less than the Earth.s radius are not required.
	5.3

	Angular velocity v = r
	3.28
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	3.29

	Gravitation providing the centripetal force to keep us on the Earth (or in orbit around the Earth).
	5.6

	Reaction and weight. Weightlessness.
	—

	How Science Works  Discuss how it may be argued that the costs of spaceflight are too great and that the money could be better spent in other ways. Discuss also how the development of technology to enable space flight has produced benefits to our everyday lives.
	—

	 
	 

	B  Leaving the Earth
	 

	Assessable learning outcomes
	Advanced Physics spread

	Candidates should be able to sketch field lines and equipotential surfaces and interpret diagrams of these.
	5.1

	Change in PE = area under the graph of g against r.
	5.4
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Consideration of energy transfers involved during launch and return. Energy needed to escape from the Earth. Instantaneous kinetic energy that would result in needing to cause object to reach infinity leading to escape velocity 
	5.5

	 
	 

	C  It is rocket science
	 

	Assessable learning outcomes
	Advanced Physics spread

	Forces acting on rockets . thrust, weight, and aerodynamic forces comparison with forces on aeroplanes.
	—

	Momentum = mv
	3.21

	Ft = mv - mu and link with Newton's 3rd law.
	3.22

	Conservation of linear momentum.
	3.22

	The rocket equation vf = ve ln(m0 / mf) applied in free space only . related graphs (proof of the equation is not required).
	—

	Concept of payload:fuel ratio.
	—

	Understanding of how thrust is produced. Development of rocket fuels – reaction of propellants to produce hot expanding gases (the working fluid) in combustion chamber.
	—

	Ideal gas equation: pV = nRT applied to the expansion of gases.
	7.5

	Definition of pressure = F/A 
	3.15

	The first law of thermodynamics applied to gas produced in a rocket. 
U = Q + W
	—

7.2

	Work done expanding gases = p V: 
Energy released when a gas is compressed and then expands to atmospheric pressure.
	7.5

	How Science Works  Discuss how no process of conversion of energy into a useful form can be 100% efficient and that ultimately the energy is all internal energy. 
Return to the problem of global warming.
	

done in context

—

	
	

	3.4.2 What goes around comes around

	 
	 

	A  Back and forth and up and down
	 

	Assessable learning outcomes
	Advanced Physics spread

	Simple harmonic motion  
a = - (2f)2 x .  
x = A cos 2ft   
Maximum acceleration = (2f )2 A .
	3.34

	Graphical treatment with velocity as gradient of the displacement-time graph and acceleration as the gradient of a velocity-time graph.
	3.33

	Maximum speed = 2fA
	3.33

	Mass-spring system with T = 2 √(k/m) 
	3.34

	Simple pendulum with T = 2 √ (l/g)
	3.36

	Damping and resonance.
	3.35

	 
	 

	B  Round and round
	 

	Assessable learning outcomes
	Advanced Physics spread

	Requirement of centripetal force – provided by normal reaction, weight, tension or components of these forces.
	3.29
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	3.29

	 
	 

	C  Spinning faster and faster
	 

	Assessable learning outcomes
	Advanced Physics spread

	Angular momentum = I  
Angular kinetic energy =  ½I2
	3.30

	The effect of torque on angular momentum. Moment of inertia defined as ratio of torque to angular acceleration 
I = T/α; Moment of inertia dependent on mass and mass distribution.
	3.30

	Angular acceleration defined as the rate of change of angular velocity α = Δt
	3.28

	Conservation of angular momentum and
equations of motion for uniform angular
acceleration treated by analogy with
uniformly accelerated linear motion.
	3.31

	
	

	3.4.3 Imaging the invisible

	 
	 

	A  Gravity surveys
	 

	Assessable learning outcomes
	Advanced Physics spread
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	5.10
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	5.20

	Factors affecting local variations in g; typical magnitude of variations. 
	5.20

	Use of local variations to identify ores. 
	—

	Measurement techniques; g using pendulums and mass spring systems. The gal = 0.01 m s–2
	—

	 
	 

	B  Magnetic surveys
	 

	Assessable learning outcomes
	Advanced Physics spread

	Definition of magnetic flux density using F = BIL 
	5.14

	Factors affecting flux density produced by current in wires and coils. (Knowledge of formulae is not required).
	5.15, 5.16

	Concept of flux Φ = BA and flux linkage  = NBA
	5.22

	Faraday's and Lenz's laws
	5.23
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	5.22

	Eddy currents.
	5.23

	Measurement of flux density using induced emf
	—

	Factors affecting local variations in magnetic flux density; typical magnitude of variations. Use of local variations to identify buried objects.
	—

	Principles of operation of proton magnetometer. (see also MRI scanner Section 3.5.3A) 
Principle of operation of a metal detector.
	—

	 
	 

	C  Resistivity and seismic surveys
	 

	Assessable learning outcomes
	Advanced Physics spread

	Geophone operation - schematic diagram and explanation of the production of induced emf used to trigger timers in seismic surveys. 
	—

	Review of how concepts in waves and electricity learned in AS are used in mineral exploration.
	—

	 
	 

	D  Medical diagnosis without surgery
	 

	Assessable learning outcomes
	Advanced Physics spread

	Principles of X rays.  
Production: continuous and line spectrum.
	8.33

	Properties of electron beams.
Energy gained by electron = eV;
	8.2

	Electron gun equation eV = ½mv2;
	8.2

	Maximum photon energy hf = eV
	8.33

	Properties of X-rays and uses in diagnosis. Use of contrast medium and image intensifier Safety precautions.
	8.34

	Principles of Ultrasound.  
Echoes.  
Typical wavelengths of ultrasound and how this affects resolution of the images.  
Image types.  
Comparison of advantages and disadvantages of ultrasound and X- rays.
	—

	Principle of the MRI scanner:
	11.12

	Calculation of magnetic flux density in a coil.
	5.16

	Use of superconducting magnets.  
Alignment of spinning protons in the field, precession.  
Use of ’gradient’ field coils to cause resonant change of spin state in a small region.  
Detection of relaxation and computer build up of final image.  
Advantages and disadvantages of MRI compared with X rays and ultrasound.
	11.2

	Principles of endoscope:
	—

	Recall from AS: refraction of light and total internal reflection; Snell's law.
	6.5, 6.6

	Fibre optic cable: use of non coherent bundle for illumination and coherent bundle for imaging.
	—

	Explanation of image production using a digital camera. (Charged coupled devices).
	12.4

	
	

	
	

	3.5  Unit 5: Energy Under the Microscope
	

	
	

	3.5.1 Matter under the microscope

	 
	 

	A  Power from engines
	 

	Assessable learning outcomes
	Advanced Physics spread

	Revision of evidence for atoms and molecules from AS.  
Brownian motion.
	7.8

	Kinetic theory model for a gas.
	7.6
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	7.6
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Kinetic energy of gas molecules and relation to Boltzmann constant
	7.8

	Qualitative explanation of pressure and effect of volume and temperature changes on pressure pV = NkT;
	7.8

	Avogadro constant.
	7.5

	Concept of absolute zero.
	7.3

	How Science Works
Scientists explain macroscopic phenomena using microscopic models. 
Scientists develop mathematical rules or laws to describe phenomena. The law is then used to predict effects of changes
	7.1


7.14

	 
	 

	B  Heating, cooling and working
	 

	Assessable learning outcomes
	Advanced Physics spread

	Internal energy U 
	7.2

	Specific heat capacity E = mcΔθ
	7.9

	Engine cooling using continuous flow of fluid
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	—

	The energy cycle should be exemplified by isothermal and adiabatic changes related to the first law of thermodynamics.
	7.11

	The zeroth law of thermodynamics
	7.3

	First law of thermodynamics: raising internal energy by heating and working U = Q + W  
Q defined by energy input to system due to difference in temperatures. 
W defined by work done on the system
	7.2

	Work done = pΔV 
	7.5

	Basic understanding of what happens at each stage in a four-stroke internal combustion engine and how a number of cylinders is used to maintain a steady driving force
	7.12

	Work done in engine cycles including the Carnot cycle.
	7.11
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	C  Arrow of time
	 

	Assessable learning outcomes
	Advanced Physics spread

	Concept of entropy. 
Idea of entropy as number of ways of distributing energy. 
Natural tendency to increasing disorder: for spontaneous processes number of ways of distributing energy in system increases.
	7.13
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	3.5.2 Breaking matter down

	
	

	D  Accelerators and VDU
	 

	Assessable learning outcomes
	Advanced Physics spread
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	Balanced fields in velocity selector EQ = BQv 
	8.3
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	9.4

	Introduction to relativity. The effects of increasing mass on the operation of accelerators such as the Large Hadron Collider (LHC) and length contraction/time dilation on the decay of muons should be discussed.
	8.24
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	8.25

	How Science Works:
Scientists modify or produce new theories when events occur that are inexplicable using existing theories. Here classical physics breaks down at speeds approaching the speed of light necessitating modification given by relativistic mechanics.
	1.1, 8.23

	
	

	3.5.3 Energy from the nucleus

	 
	 

	A  Isotopes in medicine
	 

	Assessable learning outcomes
	Advanced Physics spread

	The uses of radioactive isotopes in diagnosis and treatment of diseases in medicine.
	11.7, 11.8

	Review of evidence for structure of nucleus (from AS) 
Proton number Z and nucleon number A.  
Familiarity with the terms nuclide and isotope.
	8.1

	Nuclear stability and instability; , and   radiations. 
Changes in Z and A in alpha and beta decay.
	8.11

	Nuclear changes in decay. 
Nuclear equations.
	8.11

	Ionization. 
Nature of ionizing particles 
    description 
    inverse-square law for  
    absorption   
    I = I0e−x : ½ value thickness; factors affecting .
	
8.11

8.21

8.21

	Activity of radioactive sources; Becquerel.
	8.13

	Modelling with constant decay probability leading to exponential decay.
	8.12, 8.13

	Quantitative use of N = N0e−λt (no proof required)
	 

	Recognition that dN/dt = −λN represents radioactive changes
	8.13

	Idea of half-life, calculations and use of halflife, relationship between half-life and decay constant.
	8.13

	Physical, biological and effective half-lives in medicine, calculations involving these quantities.
	—

	How Science Works
Development of a mathematical model from the statistical behaviour of a large number of random events enabling prediction of changes over a period of time.
	8.12

	How Science Works
Diagnostic and therapeutic use of iodine-131 (131 I); technetium-99m (99mTc) used as an example of a radioactive label. The choice of and emitter to perform a particular function.
	11.8

	 
	 

	B  Keeping the heart beating
	 

	Assessable learning outcomes
	Advanced Physics spread

	Formal analogy between capacitor discharge and radioactive decay
	—

	Definition of capacitance Q = CV. 
Use to store energy and as a 'timing' component. 
Charge and discharge curves. 
Quantitative work for discharge only Q = Qoe-t/CR
	4.15, 4.16

	 
	 

	C  Where nuclear energy comes from
	 

	Assessable learning outcomes
	Advanced Physics spread

	The graph of neutron number N against proton number Z. 
Appreciation that when a nucleus decays the residual nucleus is closer to the line of stability and that mass is reduced in the process.
	8.28

	Binding energy, binding energy per nucleon, mass defect, atomic mass units and conversions; 
Use of the graph of binding energy per nucleon against nucleon number.
	8.28

	ΔE = Δm c2 applied to nuclear processes.
	8.27

	Appreciation that ΔE = Δm c2 applies to all energy changes.
Simple calculations relating mass difference to energy change.
	8.27

	How Science Works
Modification to understanding of energy in view of loss of mass in nuclear reactions and the increased mass in the creation of new particles.
	8.25, 8.27

	 
	 

	D Physics of fission
	 

	Assessable learning outcomes
	Advanced Physics spread

	Descriptions of fission processes
    induced fission by neutron stimulation.
	8.29

	Nuclear reactor physics:
	 

	   moderation including simple mechanical model of 
   moderation by elastic collision
	8.31

	   control mechanisms
	8.31

	   absorption, concept of absorption 
   cross-section means of extracting energy 
   (coolants; link to Unit 5 module 1)
	—
8.31

	 
	 

	E  Fusion - energy for the future?
	 

	Assessable learning outcomes
	Advanced Physics spread

	Descriptions of fusion processes.
	8.32

	Calculations of energy available for fusion reactions
	—
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Calculation of closest distance of approach of two nuclei from  
                             
 and hence estimate of temperature necessary for two nuclei to fuse
	
—

8.32

	Knowledge of hydrogen cycle 
and the carbon cycle in the production of solar energy.
	12.8
—

	Description of the production of plasma and the problems involved in maintaining fusion reactions in a terrestrial fusion reactor exemplified by an overview of the operation of the Joint European Torus.
	8.32

	Benefits and problems surrounding terrestrial fusion
	1 part 8.32

	 
	 

	F  Perceptions of risk
	 

	Assessable learning outcomes
	Advanced Physics spread

	Consideration of risk in everyday life.
Quantitative treatment of risk.
	—

	Risk in nuclear engineering, minimising the risk
	—

	Risk in medical physics- balancing risks in treatment of illness
	—

	Worker protection techniques (qualitative only). 
Film badge/radiation monitors.
	—
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