

IB PHYSICS SUBSIDIARY LEVEL

 

ATOMIC and NUCLEAR PHYSICS
 

STUDY GUIDE
7.1 

The Atom (2hrs)


Atomic structure  

7.1.1 

Describe a model of the atom that features a small nucleus surrounded by electrons. 

Students should be able to describe a simple model involving electrons kept in orbit around the nucleus as a result of the electrostatic attraction between the electrons and the nucleus.

7.1.2 


Outline the evidence that supports a nuclear model of the atom. 




A qualitative explanation of the Geiger-Marsden experiment and its results is all that is required. 

7.1.3

Outline one limitation of the simple model of the nuclear atom.

7.1.4 

Outline evidence for the existence of atomic energy levels. 

Students should be familiar with emission and absorption spectra, but the details of atomic models are not required. Students should understand that light is not a continuous wave but is emitted as “packets” or “photons” of energy, each of energy hf.


Nuclear structure 

7.1.5 

Explain the terms nuclide, isotope and nucleon. 

7.1.6 

Define nucleon number A, proton number Z and neutron number N. 

7.1.7 

Describe the interactions in the nucleus. 

Students need only know about the Coulomb interaction between protons and the strong, short-range nuclear interaction between nucleons. 

7.2 

Radioactive Decay (3 hrs)


Radioactivity 

7.2.1 

Describe the phenomenon of natural radioactive decay. 



The inclusion of the antineutrino in - decay is required.

7.2.2 

Describe the properties of alpha and beta particles and gamma radiation. 

7.2.3 

Describe the ionizing properties of alpha and beta particles and gamma radiation.

7.2.4

Outline the biological effects of ionizing radiation.

Students know about the direct and indirect effects of radiation on structures within cells. A simple account of short-term and long-term effects of radiation on the body is required.

7.2.5 

Explain why some nuclei are stable while others are unstable. 

An explanation in terms of relative numbers of protons and neutrons and the forces involved is all that is required. 










        2.



Half-life 

7.2.6 

State that radioactive decay is a random process and that the average rate of decay for a sample of a radioactive isotope decreases exponentially with time. 


Exponential decay need not be treated analytically. It is sufficient to know that any quantity that reduces to half its initial value in a constant time decays exponentially. The nature of the decay is independent of the initial amount of the quantity. 

7.2.7 

Define the term half-life. 

7.2.8 

Determine the half-life of a nuclide from a decay curve. 

7.2.9 

Solve radioactive decay problems involving integral numbers of half-lives. 

7.3 

Nuclear Reactions, Fission and Fusion (4 hrs) 



Nuclear reactions 

7.3.1 

Describe and give an example of artificial (induced) transmutation. 

7.3.2 

Construct and complete nuclear reaction equations. 

7.3.3 

Define the term unified atomic mass unit. 



Students should be familiar with the units MeVc-2 and GeVc-2 for mass.

7.3.4 

Apply Einstein's mass-energy equivalence relationship. 

7.3.5 

Define the concepts of mass defect, binding energy and binding energy per nucleon.
7.3.6

Draw and annotate a graph showing the variation with nucleon number of the binding energy per nucleon. 



Students should be familiar with binding energies plotted as positive quantities.

7.3.7 

Solve problems involving mass defect and binding energies. 



 Fission and fusion 

7.3.8 

Describe the processes of nuclear fission and fusion. 

7.3.9

Apply the graph in 7.3.6 to account for the energy released during fission and fusion.
7.3.10

State that nuclear fusion is the main source of the Sun's energy. 

7.3.10 
Solve problems involving fission and fusion reactions. 

