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Conclusions
Materials Science education VERY relevant

is at the core of many societal “pain points”

Google  need to be able to interpret/process data

fundamental understanding & modern data tools (Python/Matlab)

Materials Science: Microstructure poorly suited for “calculus”: 3d fields 
c(x,y,z,t) modern tools (Python/Matlab, Mathematica/Maple)



Materials Science and
20th

 21st century changes 
Environmental impact (climate, pollution, scarcity) b/c

• technology and higher living standards

• world population growth

Accelerating tech/scientific development

• Wider & intensifying competition

• “globalization” of society



21st century: what is needed?
Environment

energy (climate) / scarcity / pollution Materials Science

Accelerating tech/scientific development & competition

• increased importance of education (esp. techn/science)

• increased role of computation/modeling/prediction

• Increased role of data 

• Still need order-of-magnitude/common sense tests 

• Hard to think with data you need to look-up



Data & Modeling
Most important aspect of phone camera is software, fast 
processor & lots of fast memory.

Picture quality depends on image processing software, 
not on the lens!

A modern airplane (or drone) is not flown by the pilot, 
but through software. Pilot is “director of a software 
orchestra”.

Bicycles with assisted steering!



Data & Modeling, past

Most models are analyzed using calculus:

But reality is more like 

Widmanstätten Ferrite Formation
composition(x,y,z,t), temperature(x,y,z,t), stress(x,y,z,t)
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Phase field in 2D  (or 3D) as a 
model for phase transformation

Colors indicate local order parameter



Phenomena in 2D  (or 3D) as 
function of time …

Phase field with a single non-conserved order parameter (e.g. 
solidification)     whole code!  (a lot of comments + plotting)



teaching more visually
Avrami model (Johnson-Mehl-Avrami-Kolmogorov, JMAK)

Nucleation and growth model (one page computer code!)

Color indicates moment of nucleation (dark red: earliest, blue: latest, dark blue: 
not yet transformed)



power of Matlab & Python 
programming tools

Hanging chain problem (catenary) – classic problem of 
variational calculus (Maths by Leibniz, Huygens and 
Johann Bernoulli ~1691)



power of Matlab & Python 
programming tools

Make a movie with potential 
energy (left) and shape (right)



Grain growth  through the Q-
state Potts model

Colors indicate grains (left:  no stored energy right: with stored energy)



Future

Much more to come:
“Automatically” generated thermodynamic and kinetic databases (current!)

Gaming – computer plays games against itself and “discovers” rules
Computer “plays” with models – varying the input parameters, and then derives 
“simple rules of thumb” for us, or, gives immediate answers to lengthy simulation 
challenges by interpolating its database (machine learning)

Machine learning to facilitate the typical MSE relations
Composition & processing microstructure  properties
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Teach modern data/programming tools as early as possible

(and then use it “hands on”)



Extra slides



Computational experiments …
phase field with conserved order parameter, phase separating system

With a step in the composition profile …



Or simply teaching more visually
Integrating Newtons equations of motion through Euler’s or Verlet’s (1st) method for a pendulum

Left: Dt=0.2    100 time steps
Top panel: position
Bottom panel: potential + kinetic energy

Right: Dt=0.05    400 time steps

Smaller time step but still NO energy 
conservation with Euler’s



Monte Carlo Integration
Coverage of broadcasting towers



Homogenization
Phase field simulation



Cellular Automata
Phase transformation
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communication

Materials Science no bachelor in NL, diverse student population

limited background "in common“  core knowledge  specialization
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