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Atomic geometry relaxation

• Total energy and forces on atoms
• Hellmann-Feynman theory
• Steepest decent structure optimization 

algorithm
• Conjugate gradient structure 

optimization algorithm



Total energy calculation

Kohn-Sham eq., PRB(1965)



Self-consistent field (SCF) 
calculations of total energy



SCF on structure optimization
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Stress and strain





Hellman Feynman theorem

= Fλ, λ: coordination of
a chosen atom
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Structure optimization

(from exp.)
and go forwards to
the optimized structure
according to HF forces



Concluding remarks
P0

P1

P2

P3

P4
Pm



P0

P1

P2

P3

P4
Pm

－ a quick line minimization using
gradient Is performed



Low 
temperature
Magnetite 
Fe3O4





unrelaxed

Lattice relaxation and charge
redistribution in Cc Fe3O4 at z=2/8 

relaxeddE=0.15eV/fu
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Working list

• Calculate optimized lattice 
structure of nonmagnetic 
semiconductor Si(Dia)

• Calculate optimized lattice 
structure of magnetic metal 
Fe(BCC)



INCAR(SCF):

SYSTEM = Si Diamond

DOS related values
ISMEAR = -5
RWIGS = 1.3
NSW = 50
ISIF = 3
IBRION = 2
POTIM = 0.1

Lattice optimization of Si(Dia)

Maximum number of ionic step
Fully relaxation
Ionic relaxation method (conjugate gradient)
Step size

CONTCAR: The relaxed lattice

1. To be compared with POSCAR
2. mv CONTCAR POSCAR and rerun
VASP if the ionic step is not converged



Spin polarized lattice 
optimization of  Fe(BCC) 

INCAR:

SYSTEM = Fe BCC

DOS related values
ISMEAR = -5
ISPIN = 2
MAGMOM = 5
GGA = 91
RWIGS = 1.3
NSW = 50
ISIF = 3
IBRION = 2
POTIM = 0.1

Maximum number of ionic step
Fully relaxation
Ionic relaxation method (conjugate gradient)
Step size

figure out the format of DOSCAR

OSZICAR contains the total
energy of each ionic step





(max.)

EDIFF: defines the break condition for the electronic loop

Default: EDIFF=10^-4, EDIFFG=10^-3



Output of relaxation calculation
OSZICAR:
N       E                     dE d eps ncg rms rms(c)

DAV:   1    -0.118903853891E+02   -0.11890E+02   -0.51514E-08   544   0.157E-03    0.679E-05
DAV:   2    -0.118903853899E+02   -0.84432E-09   -0.67687E-09   520   0.587E-04

1 F= -.11890385E+02 E0= -.11890385E+02  d E =-.118904E+02
N       E                     dE d eps ncg rms rms(c)

DAV:   1    -0.118916612818E+02   -0.11892E+02   -0.44662E-03  1216   0.374E-01    0.432E-02
DAV:   2    -0.118915710975E+02    0.90184E-04   -0.86588E-05  1048   0.587E-02

2 F= -.11891571E+02 E0= -.11891571E+02  d E =-.118571E-02
N       E                     dE d eps ncg rms rms(c)

DAV:   1    -0.118932471685E+02   -0.11893E+02   -0.36655E-02  1240   0.108E+00    0.130E-01
DAV:   2    -0.118924300860E+02    0.81708E-03   -0.75583E-04  1264   0.170E-01    0.720E-02
DAV:   3    -0.118920526488E+02    0.37744E-03   -0.87419E-04  1176   0.148E-01    0.103E-02
DAV:   4    -0.118920490217E+02    0.36270E-05   -0.76967E-06   528   0.252E-02

3 F= -.11892049E+02 E0= -.11892049E+02  d E =-.166363E-02

Electronic step

Ionic step

%grep E0 OSZICAR

1 F= -.11890385E+02 E0= -.11890385E+02  d E =-.118904E+02
2 F= -.11891571E+02 E0= -.11891571E+02  d E =-.118571E-02
3 F= -.11892049E+02 E0= -.11892049E+02  d E =-.166363E-02



CONTCAR: optimized lattice structure

Si Diamond                              
5.375700000000000     
0.0000000000000000    0.5029912498056555    0.5029912498056555
0.5029912498056555    0.0000000000000000    0.5029912498056555
0.5029912498056555    0.5029912498056555    0.0000000000000000

2
Direct
0.0000000000000000  0.0000000000000000  0.0000000000000000
0.2500000000000000  0.2500000000000000  0.2500000000000000

0.00000000E+00  0.00000000E+00  0.00000000E+00
0.00000000E+00  0.00000000E+00  0.00000000E+00



OUTCAR:

……………
POSITION                                       TOTAL-FORCE (eV/Angst)
-----------------------------------------------------------------------------------

0.00000      0.00000      0.00000         0.000000      0.000000      0.000000
1.35197      1.35197      1.35197         0.000000      0.000000      0.000000

-----------------------------------------------------------------------------------
total drift:                                0.000000      0.000000      0.000000

……….
POSITION                                       TOTAL-FORCE (eV/Angst)
-----------------------------------------------------------------------------------

0.00000      0.00000      0.00000         0.000000      0.000000      0.000000
1.34393      1.34393      1.34393         0.000000      0.000000      0.000000

-----------------------------------------------------------------------------------
total drift:                                0.000000      0.000000      0.000000

…………………..

Initial atomic positions

optimized atomic positions



Homework 
please Email to jeng@phys.sinica.edu.tw
• Compare the previously obtained LDA DOS 

and BS with the optimized DOS and BS of 
Si(Dia) and C(Dia) 

• Compare the previously obtained GGA DOS 
and BS with the optimized DOS and BS of 
Fe(BCC), Co(HCP), and Ni(FCC)

• Compare the optimized lattice constant with 
exp. Lattice constant of the above 5 cases

• Compare the magnetic moment of exp. 
lattice and optimized lattice of the last 3 
cases


