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In this talk, Prof. Ackland will briefly describe what is and isn't possible using calculational techniques based on

electronic structure calculations and molecular dynamics. He will concentrate on the areas where experimental
and computational input are both essential to obtaining an understanding of the material in question. He will not
attempt a detailed explanation of the tricks and pitfalls involved in solving the quantum mechanics, but will
describe in more detail two pieces of work. The first is the determination of the structure and dynamical
properties of Hydrogen at high pressure, in particular the so-called "Phase IVV". This has been identified only in
spectroscopy experiments and in theoretical calculations. Together, these present a picture of a complicated
crystal structure in which the molecule are on the verge of stability. The low symmetry structure is a way of
lowering the free energy of the material, and avoiding metallization.

His second application is more practical - he will show how under titanium alloys can be designed to be
machinable. The problem for most titanium alloys is that when cut the waste material forms a long, unbroken,
spiral chip which eventually clogs up the machine. It then required expensive and time consuming manual
intervention to remove the chip. He describes molecular dynamics and electronic structure calculation at very
high stresses, such as found in a cutting experiment. He will show how the phase structure can be made to
self-organised into a region with very high temperature and commensurately low shear strength during machining.
This then causes the cut material chip to break off. This allows us to design an alloy which is easy to use in

manufacturing, but retains its normal properties when recovered to ambient conditions.
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