This is a summary of my experience in using these simulations within physics degree teaching:

1) Phonon Dispersion and the Lattice Heat Capacity of Solids

I have used this for several years as part of a level 3 laboratory module for a group of students who were concurrently studying a lecture course on solid state physics and who, within the practical class, could undertake experimental measurements of the heat capacity of copper as a function of temperature down to 20K. I found that the simulation material complemented their other studies very well. Reactions amongst the students varied, with some undertaking the exercises conscientiously while others did not see the point of the simulations. I assessed their lab notebook entries and, latterly, did not ask for a formal report on the simulation. (Note that the substances data in this software is incomplete, at least on my copy, and this constrains the range of materials the students can examine. This has been taken account of in the worksheet provided.)

2) Electron Energies and Wavefunctions in Crystals

This has been used for small groups of MPhys (year 4) students as part of a lecture-based module on more advanced topics in solid state. The area of energy bands and electron wavefunctions in periodic potentials may well, in some degrees, be covered in a BSc course. Because it was closely linked to the lectures, the students’ reaction was very positive and I found this an effective way of dealing with this topic which can otherwise end up being a mathematical exercise in quantum mechanics. It contains several avenues for extending the students’ work into a mini-project.

3) Simulation of Atomic Magnetism in Crystals

This is an excellent simulation which yields sets of data that the students can then graph and interpret in a similar fashion to real experimental data and it has the impact of a visual display of the behaviour of each paramagnetic spin within the 2-D lattice. It has been used, within a level 3 laboratory module, as a follow-on to the experimental measurement of paramagnetic susceptibility using a Gouy balance at room temperature. It allows students to explore the Curie Law with temperature variation and to extend the range of magnetic fields. It also illustrates ferromagnetism and domain formations and behaviour in a very direct fashion.  These topics were covered in a parallel lecture module but in the latter part, so most students carried out the simulation first – but that did not appear to detract from their ability to carried it out successfully. This generates good reports in the laboratory notebook.
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