Module 2          Waves and Photons
	Content
	In
	Comments

	Waves
	  
	  

	1
Longitudinal and transverse waves

Generation of waves. Displacement in longitudinal and transverse waves: understanding of graphical representations. Examples of each type of wave, including sound and electromagnetic waves. Polarisation as a phenomenon associated with transverse waves. Knowledge of typical wavelengths of the following regions of the electromagnetic spectrum: gamma-ray, X-ray, ultra-violet, visible, infra-red, microwave, radio.
	6.1, 6.2

6.3
	6.1 and 6.2 cover general wave properties.

6.3 covers the EM spectrum.

	2
Amplitude, phase, frequency, wavelength, velocity 

Introduced by reference to graphical velocity representations of Section. 1. Derivation, knowledge and use of v = f.
	6.1
	  

	3
Refraction

Experimental investigation of Snell's Law of refraction. Knowledge and use of (sin i)/(sin r) = ci/cr = n. Experimental investigation of total internal reflection. Knowledge and use of sin C = 1/n.
	6.5

6.6
	6.5 deals with the law of refraction and refractive index.

6.6 deals with TIR and optical fibres.

	4
Lenses as image-forming devices 

Ray diagrams for converging and diverging lenses.
	6.20
	  

	5
The lens formula. Linear

Use of (1/u) + (1/v) = (1/f). Experimental magnification (N3.2b) verification for real images only. Knowledge and use of m = v/u.
	6.20
	6.21 considers optical instruments.

	6
Determination of speed and frequency of sound 

Speed of sound by resonance tube method (consideration of the end-correction is not required). Frequency of a pure note by examination of audio frequency traces on a cathode ray oscilloscope.
	6.14

6.16
	6.14 covers speed of mechanical waves.

6.16 covers standing waves in an air column. Also musical instruments.

	Superposition of Waves
	  
	  

	7
Principle of superposition

Illustrated by graphical addition of two sine waves. Demonstration of interference effects by a suitable method, eg ripple tank, microwave equipment, sound generators.
	6.7
	6.8 takes the analysis of Young’s slits further.

	8
Stationary waves 

Modes of vibration of (i) stretched strings, (ii) air in a pipe open at one end; their simple graphical representation and experimental demonstration. Location of nodes and antinodes.
	6.15
	Standing waves on a string- harmonics and fundamental.

	9
Interference of two sources

Demonstration and qualitative explanation of Young's slits experiment with monochromatic light. Conditions for observable interference; coherence. Use of  = ay/d.
	6.8
	  

	10
Diffraction 

Simple phenomena demonstrated by any suitable method.
	6.9
	Single slit diffraction. 6.10 deals with resolving power.

	11
Diffraction grating 

Use of d sin   = n  for a plane grating at normal incidence. Use of diffraction grating to measure wavelength.
	6.11
	  

	Photons and Energy Levels
	  
	  

	12
Photoelectric effect

As experimental evidence for the quantum theory. Knowledge and use of E = hf. Work function. Use of 1/2mvmax2 = hf – hfo. Principle of the experimental determination of the Planck constant.
	8.4

8.5
	8.4 gives the background – Black-body radiation and the photoelectronic effect.

8.5 covers measuring h.

	13
Line spectra and transitions (N3.1)
Simple treatment of electron energy levels in between energy levels. atoms. Emission spectra: knowledge and use of hf = E1 – E2 to map energy levels. The line spectrum of atomic hydrogen as an example. Simple explanations of fluorescence and laser action.
	6.12

8.9

8.10

12.12

12.18
	6.12 covers optical spectra.

8.9 covers quantisation of the atom.

8.10 covers line spectra, the hydrogen energy levels, Balmer series.

12.12 covers stellar spectra.

12.18 covers red shifts and expansion.

	14
Wave-particle duality (C3.1a) (IT3.3)
Wave and particle aspects of electromagnetic waves: phenomena of interference, diffraction and polarisation, contrasted with photoelectric emission. Particle and wave aspects of electron beams; electron diffraction. Use of de Broglie wavelength  = h/p
	8.5 – 8.7

1.3
	8.7 tackles wave-particle duality in the context of the Copenhagen Interpretation.


 

