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On  acoustic JisplaceMemtS

dx
d = (j}) Let’s  use the notations OJC strain same as

chapter 3 of  Kietels ISSP. .
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B. Molecular dynamics

MD simulations with the effective Hamiltonian of Eq. (4)
are performed in the canonical ensemble using the Nosé-
Poincaré thermostat.' This simplectic thermostat is so effi-
cient that we can set the time step to Ar=2 fs. In our present |
simulations, we thermalize the’system for 40,000 time steps,
after which we average the properties for 10,000 time steps.

In Fig. 1 we roughly illustrate how to calculate the forces
exerted on u,(R) with @q““d(k) in Eq. (13) and how the time
evolution is simulated. FlI'St u,(R) is FFTed to ir,(k), the ‘;;"'
force F,(k)=—2 B@‘*““d(k)u (k) is calculated in reciprocal 7':
space, and then the force in real space is obtained by the !r*
inverse FFT (IFFT) of F,(k). In practice, updates of u,(R) "
and 1,(R)= arua(R) are processed in the manner of the Nosé-
Poincaré thermostat.
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The homogeneous strain components 7;, **-, 7 are de- |3
termined by solving 1
] l
a__[‘ﬁlas,homo( i T 776) =3 Vcoup,hom()({u}’ L/J O 776)] =0 |
7; |

(24) BE

at each time step according to {u} so that 7;, ---,7s mini- l

mize  VESIOMO(gp, e y0)+ VEOURROT({u} gy, eee, 776).
While the local acoustic displacement w ,(R) could be treated |
as dynamical variables using the effective mass M ousticr WE |
have instead chosen to integrate out these variables in a man-
ner similar to the treatment of the homogeneous strain. That
is, wy(R) is determined so that Vir({w})
+ yeoupinho(fy1 f11) becomes minimum at each time step ac-
cording to u,(R). Technically, the minimization is performed ¥
by solving the linear set of equations

25)

Fe (k) + B)5TK) =0
for each k in reciprocal space. ‘
- . , ol
The homogeneous elastic energy Vei=home(y, - --v ) is

Vc]as,homo( 7
1
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+NB (73 + 371 + 1177)
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+ 5 Basly+ 735+ 75). (16)

where B;q, By, andSB44 are the elastic constants expressed in
energy unit (B“=a0C11, Blz=a8C12, and B44=(1(3)C44)
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In the present MD simulations of BaTiO,, th parameters

from Refs. 10 ‘and 11, which are determined by first-
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The inhomogeneous elastic energy Ve*"o({w}) is also
calculated in reciprocal space as ‘
B L5 A\

(—L
yelas, mho({w})__zz (k)cpelas o) Fk).  (17)
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For the force constant matrix dfl” by, we employed the
long-wavelength approximation. For instance, the diagonal

part is A

DU (k) i;[kan + KoByy+ k2By), (18)
x X :
and the off-diagonal part is i / E
&
(I’Selas,inho k) = _}_
o (k)= N[kxkyBIZ +kkyBys]. (19)
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The coupling between {#} and homogeneous strain is the
same as that given in Ref. 9, i.e,,

vt 7,

2 2 E 7Ciy(R).

R i=1 j=1

L) =

(20)

Here, y;(R)=i(R), y,(R)=u(R), y;(R)=ul(R), ysR)
=1, (R)u,(R), y5(R)=1,(R)u,(R), and ys(R)=u,(R)1,(R),
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and B\, By,,, and By, are the coupling coefficients defined
in Ref. 9.

The coupling between {u} and inhomogeneous strain is
also calculated in reciprocal space as

veerinho({u}, {w}) = —E > E

a i=1

»(k)B (k)7k), (22)

where w,(k) and y;(k) are the Fourier transforms of w,(R)
and y;(R), respectively. For the 3 X 6 coupling matrix B(k),
we again employed the long-wavelength approximation

0 2Bu: 2KBay
2%By. O  2kBa, (23)
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principles calculations, are employed. As mentioned in Refs.

10 and 11, this parameter set leads to an underestimation of
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