
your summaries (w2) 

 

Solids are inherently quantum mechanical, for which the equation is known: the Schrödinger 

equation. Starting only from this equation is called the ab initio way. This is certainly possible, but 

can be very time consuming. Luckily computers get twice as fast every two years (Moore's law). For 

some problems, this is still way faster than designing and testing materials in the lab. 

 

The evolution of the computing power: this doubles every year. This is a very strong growth. Classical 

mechanics can be exactly calculated and is an ab initio model. Quantum physics isn't able to be 

calculated exactly and is also an ab initio model. 

 

"That a solid is not defined as a collection of atoms, but of positive nuclei and negative electrons. So 

the definition of a solid. 

The maturity of materials science and that time is the most important limiting factor. 

The role of simulation in relation to theory and experiment. " 

 

The Schrödinger equation is the fundamental equation of quantum mechanics. It’s the basic equation 

that tells us how matters behave. This means that we know everything about a certain solid if we can 

solve the Schrödinger equation of that solid. However, we are not always able to do so in a sufficient 

small time scale although we know the algorithms to solve the Schrödinger equation. Otherwise, this 

would offer a lot of advantages. For example, A material scientist could use quantum physics for 

material design in the same way as a construction engineer uses classical mechanics for construction 

work. Nevertheless, our computers become twice as good every two years, so maybe in the future 

this is just reality.  

 

Understanding solids in quantum mechanics will require ab-inito methods which will help, let's say 

material scientists, to solve Schrödinger equation. Thus calculating a material systems properties. Its 

a way to apply theoretical knowledge in simulations via methods such as Density Functional Theory. 

It requires supercomputers for complex problems and practical knowledge of software's such as 

Quantum Espresso. 

 

Notion of need of computational calculation and simulation for materials, why ab initio is important, 

etc. 

 

In DFT, the fundamental insight of the Schrödinger equation is solved numerically for a certain 

situation, i.e. a number of atomic nuclei and a number of electrons. One of the goals is to 

approximate the ground state of the system and its associated energy, but many other properties 

can be calculated as well, including some macroscopic properties. Only thanks to enormous advances 

in computing power has this beome a viable way to derive information.  



your exam question suggestions (w2) 

 

• What does "ab initio" mean? Give two examples. 

• Why is computational physics such a growing field? 

• Give the definition of a solid, explaining every part of the definition and its importance. How 

would this definition differ from the definition of a fluid?  

• True or False: [example] is an ab initio model? Why do you think it is/isn’t an ab initio model? 

• Explain computation in your words connecting it with quantum systems, theories, and ab 

inito way. 

• What is/isn't an ab initio method? How would you do an ab initio calculation for this specific 

physical problem? 

 


