Module 4          Energy, Oscillations and Fields
	Content
	In
	Comments

	Momentum and Energy
	  
	  

	1
Momentum 

Newton's second law related to rate of change of momentum in situations where mass is constant.Principle of conservation of linear momentum: derivation from Newton's laws. Collision problems in one dimension. Elastic collisions (ie those in which kinetic energy is conserved) and inelastic collisions (ie those in which some or all of the kinetic energy is converted into other forms). The coefficient of restitution is not required.
	3.20 – 23

3.21

3.22

3.23

3.24

3.26, 3.27
	3.20 – 23 develop Newton’s Laws of motion.

3.21 deals with F = ma.

3.22 gives the second law in terms of rate of change of momentum.

3.23 discusses the 3rd law and interactions.

3.26 and 3.27 give examples of Newton’s laws.

	2
Energy (LP3.1, 2, 3) (PS3.1, 2, 3)
Work as transfer of energy. Calculation of work done as (average force) x (displacement along the line of motion). Quantitative application of conservation of energy including knowledge and use of grativational potential energy mg(h and kinetic energy 1/2mv2. Power as rate of transfer of energy. Use of P = Fv. Efficiency. Hooke’s law: use of F = kx. Strain energy: use of E = <F>x = 1/2Fx = 1/2kx2. The Young modulus: definition and experimental determination. Experimental treatment of thermal energy: electrical method for determination of specific heat capacity. Knowledge and use of Q=mc(.
	3.11

3.12

3.13

3.14

3.8
	3.11 gives the conceptual background to energy and its conservation.

3.12 covers work including elastic strain energy.

3.13 covers IE and (GPE.

3.14 covers power and efficiency.

3.8 covers Hooke’s Law.

	Thermal Physics
	  
	  

	3
Behaviour of gases (C3.3)
Simple experiments on the behaviour of gases leading to the equation pV/T = constant; knowledge and use of this equation.
	7.4
	  

	4
Kinetic theory of gases 

Use of pV = 1/3Nm<c2>, where Nm/V = p. Temperature defined by pVm = RT; concept of absolute zero of temperature. Knowledge and use of the ideal gas equation pV = nRT, where n = number of moles. Concept of internal energy as the random distribution of potential and kinetic energy amongst molecules. T proportional to average kinetic energy of molecules for an ideal gas. Use of average kinetic energy of a molecule = 1/2m<c2> = 3/2 kT.
	7.6

7.3

7.2

7.8
	  

	Uniform Circular Motion
	  
	  

	5
Angular velocity

Knowledge and use of v = r.
	3.28
	  

	6
Centripetal acceleration and forces

Knowledge and use of F = mv2r.
	3.29

3.30
	3.29 develops the terminology.

3.30 covers centripetal acceleration and force.

	Oscillations
	  
	  

	7
Simple harmonic motion

Knowledge and use of a = - 2x; use of x = xo cos t and x = xo sin t.  Knowledge and use of T = 1/f = 2/. Velocity as gradient of the displacement-time graph. Use of v = ( [image: image1.png]


. Experimental and graphical treatment of simple examples, including simple pendulum and loaded helical spring.  Use of T =  2[image: image2.png]Jlig)



and T = 2[image: image3.png](1)



.
	3.32 – 3.33

3.34

3.33

3.34

3.36
	3.32 – 3.33 set the scene and develop the terminology and also link oscillators to time keepers.

3.34 covers equations of SHM.

3.33 gives graphs of displacement, velocity and acceleration vs time.

3.34 has mass-spring oscillator as an example.

3.36 has simple pendulum analysis; also other examples of SHM.

	8
Free and forced vibrations, damping and resonance 

Mechanical examples only, treated qualitatively. Descriptive treatment of frequency response, resonance and effect of damping.
	3.35
	Deals with oscillator energy, damping, forced oscillations and resonances.

	Fields
	  
	  

	9
Concept of a field of force

Examples of fields of force, noting the analogy between electric and gravitational fields. Knowledge and use of E = F/q and g = F/m.
	5.1, 5.7, 5.13
	  

	10
Gravitational force between point  masses (Newton's law)

Knowledge and use of F = Gm1m2/r2.
G introduced as constant with units.
	5.2
	  

	11
Gravitational field of a point mass

Knowledge and use of g = Gm/r2.  Calculation of the Earth’s mass.
	5.3

5.5
	  

	12
Planetary and satellite motion (IT3.2)
Quantitative treatment of circular orbits only.  A formal statement of Kepler's laws is not required, but candidates should be able to show that the mathematical form of the third law (t2 proportional to r3) is consistent with Newton’s law of gravitation. Geostationary satellites.
	5.6
	  

	13
Force between point charges (Coulomb’s law); permittivity of vacuum(o
Knowledge and use of F = kq1q2/r2, where k =  1/4((o for a vacuum (experimental verification not required). o introduced as a constant with units.
	5.7
	  

	14
Electric field 

Uniform field: knowledge and use of E = V/d.

Field due to a point charge: knowledge and of E = kq/r2.
	5.11

5.7
	  


 

