Pre-U Physics Part B

18. The Quantum Atom

This section includes a more advanced mathematical treatment of energy levels in square potential wells and the hydrogen atom. Further teaching notes follow the summary of content and exercises.

Content headings mapped to spreads

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

	Line spectra

18.1 – 18.3


	8.9 The Quantum Atom
	338-339
	P338 describes photon emission as a result of a ‘quantum jump’.

	
	8.10 Atomic Spectra
	340-341
	Hydrogen spectrum.

Spectral series.

	
	12.12 Stellar Spectra
	536-537
	Extension work on astronomical spectroscopy.

	Energy levels in the hydrogen atom

18.4 – 18.6
	8.9 The Quantum Atom
	340-341
	The maths box on p338 outlines the procedure for deriving the energy levels of a hydrogen atom.

	
	8.6 Matter Waves
	332-333
	The de Broglie relation is on p332.


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

Learning outcomes

The learning outcomes marked with an * asterisk will only be assessed in the optional questions in Section B of Paper 3.
Line spectra - Candidates should be able to:
1.
explain atomic line spectra in terms of photon emission and transitions between discrete energy levels.

2.
apply the expression E = hf to radiation emitted in a transition between energy levels

3.
show an understanding of the hydrogen line spectrum, photons and energy levels as represented by the Lyman, Balmer and Paschen series.

Exercises

P341
Q1-6
Spectra.

Energy levels in the hydrogen atom - Candidates should be able to:
4.
recognise and use the energy levels of hydrogen atom as described by the empirical equation:
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5. * 
explain energy levels using the model of standing waves in a rectangular one-dimensional potential well.

6. * 
derive the hydrogen atom energy level equation:
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algebraically using the model of electron standing waves, the de Broglie relation and the quantisation of angular momentum.

Exercises

P339
Q1
The hydrogen emission spectrum.

P392
Q15
Hydrogen spectrum (past A-level question).

P392
Q17
Hydrogen spectrum(past A-level question).

P392
Q18
He-Ne laser and energy levels (past A-level question).

Resource:

‘Frontiers: Twentieth Century Physics’, Steve Adams Taylor and Francis 2000

Further teaching notes.

There is a concise treatment of the square well on pp46-49 of ‘Frontiers’ and of the hydrogen energy levels (using the Bohr model) on pp22-26. It is important to emphasise that although this model does generate the correct principal energy levels, the model is limited and a full treatment requires the use of the Schrodinger equation in 3-dimensions. Frontiers chapters1 and 2 gives the transition from ‘old quantum theory’ (prior to the Schrodinger Equation) to ‘new quantum theory’.

Maths Box: The Bohr Model of the Hydrogen Atom XE "Hydrogen Atom" 
Electrostatic attraction:
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(1)

Bohr’s quantum condition XE "Bohr’s quantum condition" :
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n = 1, 2, 3 etc.

(2)

Electron energy:
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(3)

These three equations can be rearranged to find an expression for energy that is independent of radius r and velocity v. However, it does depend on n, giving a discrete set of circular orbits characterised by this principal quantum number:
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for n = 1, 2, 3 etc.
 
(4)

Figure 1.10 shows these energy levels for hydrogen and shows how quantum jumps between different levels can result in various spectral series. In particular we can derive the Balmer formula by considering a jump from the mth to the nth level:
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This is, of course, the Balmer formula. (The Balmer series XE "Balmer series"  is actually a special case of this formula for n = 2). 

Frontiers p.24
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