Pre-U Physics Part A

9. Quantum Ideas

Content headings mapped to spreads

	Specification heading and statements
	Spread Name and number
	Pages in Advanced Physics
	Includes

	Comment: The treatment of the Photoelectric effect and the photon are merged in Advanced Physics. This section introduces some of the deep and disturbing ideas of quantum theory that will be revisited later in the course and which may appear in the optional semantic questions on paper 3.

	The photoelectric effect / The photon

9.1 – 9.9
	8.4 Quanta
	328-329
	Historical context (BB radiation)

Photoelectric effect.

	
	8.5 Photon Physics
	330-331
	Stopping voltage and Planck’s constant.

	Wave-particle duality

9.10-9.11
	8.7 Wave-Particle Duality
	334-335
	Philosophical ideas – the Copenhagen Interpretation (good preparation for section 19)

	
	8.6 Matter Waves
	332-333
	De Broglie relation.

Electron diffraction.

	
	1.3 Quantum Mysteries
	16-17
	This will appeal to those seeking a more philosophical approach and opens the door to the kind of discussion required in section 19.


The detailed Pre-U syllabus statements are listed below with suggested exercises from Advanced Physics:

Learning outcomes
The photoelectric effect / the photon- candidates should be able to:

1.
recall that, for monochromatic light, the number of photoelectrons emitted per second is proportional to the light intensity and that emission occurs instantaneously

2.
recall that the kinetic energy of photoelectrons varies from zero to a maximum, and that the maximum kinetic energy depends on the frequency of the light but not on its intensity

3.
recall that photoelectrons are not ejected when the light has a frequency lower than a certain threshold frequency which varies from metal to metal

4.
understand how the wave description of light fails to account for the observed features of the photoelectric effect and that the photon description is needed

5.
recall that the absorption of a photon of energy can result in the emission of a photoelectron

6.
recognise and use the expression 

E = hf

7.
understand and use the terms threshold frequency and work function and recall and use the expression

hf = Φ + ½ mv2max

8.
understand the use of stopping potential to find the maximum kinetic energy of photoelectrons and convert energies between joules and electron-volts.

9.
plot a graph of stopping potential against frequency to determine the Planck constant, work function and threshold frequency

Exercises
P329
Q1-2, 5
Photon calculations.

P329
Q 3-4

Principles of the photoelectric effect.

P331
Q1-3

Photoelectric effect calculations.

P392
Q14

Photoelectric effect (past A-level question)

Wave-particle duality - candidates should be able to:

10.
understand the need for a wave model to explain electron diffraction.

11.
recognise and use the expression.
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for the de Broglie wavelength

Exercises

P333
Q1-4
Electron diffraction and the de Boglie equation.

P395
Q29

Photoelectric effect / de Broglie equation (past A-level question)
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