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First-principles 
(ab initio) caculation
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Schrӧdinger Equation

Ground state energy for any given compound or solid

Variational principle
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Schrӧdinger Equation

Ground state energy for any given compound or solid

Where,
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Density Functional Theory (DFT)
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Strong point

• Calculation at 0K is accurate (by theory).

• Making system is easy.

• Magnetic and electric properties.

• It can give thermodynamic variable.
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Limitation

• It only calculate ground energy (0K).

• System size is small.

• Computer is too slow.
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κ-carbide
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G. Frommeyer and U. Brux, 2006, steel research int. 77 (2006)
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κ-carbide (octa. 1) Octa. 2 Octa. 3
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Main problem

in kJ/atom − mol

Reassess the ab initio result to finite temperature.

Determine physical properties :  
bulk modulus, elastic constant, etc.
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Monte-Carlo simulation
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Cell size = 10 × 10 × 10

Monte-Carlo results
• There is no phase 

transition.

• C++ can’t deal a 
number over 10256.

• If once the variable (for 
example, DOS) became 
bigger than limit, log 
value is also goes to 
infinite.

• ∴ we should separate 
bottom and exponent.

FHelmholtz = kT ln(sum of DOS)
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Thank you!
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