Pre-U Physics Part A

8. Atomic and Nuclear

Content headings mapped to spreads:

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

	The nucleus

8.1, 8.2, 8.6
	8.1 Models of the Atom
	322-323
	Historical background.

Rutherford’s scattering experiment.

Terminology.

	
	8.26 The Nucleus
	372-373
	This is probably too advanced for most students in part A of the course. It includes a calculation of closest approach in the scattering experiment and a discussion of the size and density of a nucleus.

	Nuclear Processes

8.3, 8.4. 8.5
	8.11 Radioactivity
	342-343
	Discovery.

Nuclear transformation equations.

	
	8.15 Radiation Hazards
	350-351
	Sources of background radiation.

Biological effects.

Risk assessment.

Dose calculations.

	
	8.14 Radiation detectors
	348-349
	This spread gives a summary of several types of detector (not required for the specification, but a useful enhancement).

	
	8.18 An Alpha Source
	356-357
	Four spreads giving much more detail about alpha, beta and gamma emissions.

	
	8.19 Investigating alpha particles
	358-359
	

	
	8.20 Beta particles
	360-361
	

	
	8.21 Gamma Rays
	362-363
	

	Probability and Radioactive decay

8.7 – 8.10
	8.12 Random decay
	344-345
	Probability and decay.

Half life.

Decay constant.

	
	8.16 Half-Life
	352-353
	Both spreads contain useful background information. The second spread includes radiocarbon dating. Whilst these use the full decay equation, the information can still be used and restricted to integer half lives.

	
	8.17 Longer half lives
	354-355
	

	
	8.22 Radioactivity in Action
	364-365
	This spread provides relevant historical and practical applications of radioactivity which can be used to enhance the teaching.

	Fission and Fusion

8.11 – 8.12
	8.29 Nuclear Fission
	378-379
	Induced and spontaneous fission.

Chain reactions.

Plutonium.

	
	8.31 Nuclear Reactors
	382-383
	A description of the main features of a nuclear reactor using an pressurized water reactor as an example.

	
	8.32 Nuclear Fusion
	384-385
	Nuclear fusion in stars, reactors and bombs.


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

Learning outcomes

The nucleus - Candidates should be able to:

1.
understand the importance of the α-particle scattering experiment in

determining the nuclear model

2.
describe atomic structure using the nuclear model

6.
understand and use the terms nucleon number (mass number), proton

number (atomic number), nuclide and isotope

Exercises

P323
Q1,2
Basic ideas about the structure of nuclei

P390
Q6
Rutherford scattering experiment (past A-level question).

P393
Q23
Alpha scattering and momentum conservation (past A-level question).

Nuclear processes - Candidates should be able to:

3.
show an awareness of the existence and main sources of background

radiation

4.
recognise nuclear radiations (α, β-,γ) from their penetrating power and

ionising ability, and recall the nature of these radiations

5.
write and interpret balanced nuclear transformation equations using

standard notation

Exercises

P351
Q1-3
Assessing the risk from different sources.

P357
Q1-3
Alpha decays (including nuclear equations)

P359
Q2,3 
Alpha radiation

P361
Q1
Beta decay

P363
Q1,3,4
Gamma rays

P390
Q4
Range of an alpha particle in air (past A-level question).

Probability and radioactive decay - Candidates should be able to:

7.
appreciate the spontaneous and random nature of nuclear decay.

8.
define and use the concept of activity as the number of decays occurring

per unit time.

9.
understand qualitatively how a constant decay probability leads to the

shape of a radioactive decay curve.

10.
determine the number of nuclei remaining or the activity of a source after a

time which is an integer number of half lives.

Exercises

P345
Q1-3
Random decay and half-life

P353
Q1-3
Half-life

P355
Q4
Radiocarbon dating

Fission and fusion - Candidates should be able to:

11.
understand the terms thermonuclear fusion, induced fission and chain

reaction.

12.
recall that thermonuclear fusion and the fission of Uranium-235 and

Plutonium-239 release large amounts of energy

Exercises

P379
Q1-3
Nuclear fission.

P385
Q1
Nuclear fusion

P391
Q11
Nuclear fission reactors (past A-level question).

P393
Q22
Nuclear fusion (parts a-b only) (past A-level question).

