obooooooOoooO 12660 20020 146-149

146

KV RAENTHBEHAKX L B THK

BN KFEFEE $AMHEE (Masuo Suzuki)
Department of Applied Physics,
Tokyo University of Science
1. XE®IC
MAHEFR X TEOMOBRBZECE VD TIERENITELZ HIT 3 Z
CRBBROXEEZEBTHIDOIIBODTEETHS, flxid. BRAEAKOH
RIZBWTiZ, RO RFEHBEALEZESZLICL ), ROBRBARICHE
BILBNAETHS, (EEDae—LV U NRBEE-Y 23R,)
COBREDBRIREICEKET SHEEREF 0 I 2 EERAK
DF LWFIRELIREBRATIZLTHD, —BRRWIITE6 2SR T
ELVY,

2. BRI LIBEHEAR
BERAETFOBREEZERAF LT IETFET CAEORRYBLEE
[BatHE) OHESR) ZAVS L, BREERARK 2719 2 —KRHOI
BETIZLNBERLRD, #LLiL, BEOBERYEYEE BREHEY
DFHE] OEEEZBRBLTEEZEY, (BXREERARXROGHICBEAL T
X #Rz2-20 #BH,)

3. < VRAENEHBEHMARICE L TiX, D.P. Landau et al., D Z(Computer
Simulation Studies in Condensed Matter Physics, Springer-Verlag, (2002) @ J&f&
DEIFHEETOEIEFATHIZLITHLET,

New Schemes for Self-Consistent Calculations with
Applications to the Kohn-Sham Hamiltonian

In order to study the time-dependent behaviour of electrons, we have to solve
the following Schrédinger equation

B2 (E) = H(O) B(E) (3.1)

Even for a time-independent Hamiltonian H = K + V' (where K denotes a
kinetic energy, and V' a potential energy), the Kohn-Sham theory gives an
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effective time-dependent Hamiltonian
Hys(t) = K + Vks(p(t)) (3:2)

and

p@) =lv®1*, (33)
and 9(t) is the solution of the equation

ih 2 h(t) = Has(8) H(t) - (3.4)

Thus, this is a self-consistent equation on the wave function 1(t) through the
equations (3.2) and (3.3).

A sophisticated scheme to sovle this nonlinear Schrédinger equation was
proposed by Sugino and Miyamoto® using the higher-order Suzuki-Trotter
type split method. For details, see their original paper.

In the present paper, we propose a simple systematic higher-order scheme
to solve this problem. As was explained in the previous section, the formal
solution of Eq. (3.4) is expressed by the time-ordered exponential

t
¥(t) = exp, t Hks(s) ds - ¥(to)

= e, [ (K +V (6 do vt (3.5
This can be approximated by the following product‘ formula
Jim ua(t,t - At)ua(t — At,t — 241) - ua(to + Aty o) - $(t0)  (3.6)
with At = (£ — to) /n and
ug(t,t — At) = e KAt V(o(t-4t/2)) o G K (3.7)

As was discussed by Sugino and Miyamoto®), the complication appears here
in that the potential V' in Eq. (3.7) contains the electron density p(t — At/2)
at the time ¢ — At/2. However, we remark here that we do not have to solve
this nonlinear equation self-consistently, but that we can solve this equation
as follows. The keypoint here for this problem is to note that it is sufficient
upto the second order of At to calculate p(t — At/2) in Eq. (3.7) upto the



148

first — order of At, namely
p(t — At[2) = |Ur(t,t — At/2)P(t - At)|? . (3.8)
Here, 9(t — At) should be calculated, at least, upto the first-order of At and
Ur(t — At/2) = e Ked V(olt-4t) (3;9)

This procedure can be repeated step by step from the time to to the time ¢ .
Thus, this is a new second-order scheme to solve the Kohn-Sham theory. Sim-
ilarly, the n-th order scheme is constructed using the (n—1)-th order density
matrix, which can be calculated using the (n — 2)-th order split formula and
SO on.

There is another scheme to solve the nonlinear problem by interpreting
Hxs(o(t)) as a nonlinear maping of p(t) with p(t) = |9(t)|?, as in solving
nonlinear dynamics of classical Hamiltonian systems?25+26)

Explicit applications of these new schemes will be published elsewhere.

The author would like to thank Professor D. P. Landau for stimulating

and encouraging discussions for long years, and also thank Dr. H. Kobayashi
for useful discussion.
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