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Abstract We employ the recently generated energy density
functional for Hooke’s atom [Ludefia EV et al (2004) Intern J
Quantum Chem 99:297], to which we introduce a simplifica-
tion for the kinetic energy term, to evaluate the total energy of
the helium atom and of the two-electron ions Li™ and Bet™.
Using accurate representations for the one-particle densities
of these systems we show that the energy density functional
for Hooke’s atom leads, in these cases, to energy values that
are below the exact ones. We discuss the implication of this
finding with respect to the existence of a universal energy
functional in DFT.

1 Introduction

In a previous work [1] we have advanced an exact expression
for the energy of Hooke’s atom expressed as a functional
of the one-particle density p(r). By Hooke’s atom we de-
note an artificial two-electron system having infinite nuclear
mass with harmonic electron-nuclear interaction and with
the true Coulombic electron—electron interaction. This model
system has been found useful in several areas including elec-
tron correlation [2—4], quantum dots [5], density functional
theory [6—14] and reduced density matrix theory [15,16]. The
importance of this model lies in that its Schrodinger equation
can be separated in terms of the relative and center of mass
coordinates of the electrons and that exact analytic solutions
can be found for the ensuing equations.
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In this previous work [1], relying precisely on this exact
wavefunction, the Hooke’s atom functional was explicitly
constructed by applying local-scaling transformations. Vari-
ous analytic approximations to the one-particle density were
used to calculate the total energy of the Hookean atom and it
was shown that it satisfies the variational principle (it attains
the exact energy value of 2.0 hartrees when the functional
is evaluated using the exact one-particle density of Hooke’s
atom and higher values for any other approximate density).

In the present work, we extend our previous results and
apply the functional to evaluate the energy of other two-elec-
tron systems, which differ from Hooke’s atom only in the
external potential. We have selected as examples, the He
atom and the two-electron ions Lit and Be?*. Clearly, an
important goal in the present work is to examine whether
this exact functional for Hooke’s atom can be transferred
to systems with the same number of electrons but different
external potentials.

A novel aspect we introduce in the present work is a
simplified expression for the kinetic energy functional. The
construction of this new expression was accomplished by
judicious use of Mathematica.

In Sect. 2, we discuss some theoretical questions related
to the construction of the functional F[p]. In Sect. 3, we
apply local-scaling transformation in order to generate F[p]
for Hooke’s atom and present a procedure that allows us to
obtain a very compact expression for the kinetic energy func-
tional. In Sect. 4, we present results of our calculations for
He, Li* and Be?* and some conclusions. In the Appendix
we provide a listing of the programs written for Mathematica
for the generation of the kinetic energy functional.

2 Construction of the functional F[p]

A basic problem in the Hohenberg-Kohn-Sham version of
density functional theory [17] is the construction of the func-
tional F[p] comprising the total kinetic energy plus the elec-
tron—electron interaction energy. In view of the fact that the
external potential does not appear explicitly in this expres-
sion, it has been assumed that this functional is universal,
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namely, that it is the same for any N-electron system. More-
over, since the number of electrons N is indirectly contained
in the one-particle density, it has been conjectured that this
functional is also N-independent.

According to Levy’s constrained-search method [18], the
functional F[p] is obtained, in principle, as the extremum of
the following variational principle:

Flp] :inf{ < UT + V|0, > }

peEIn
v, — p(fixed)
v, e Ly

where

Iv=1p:p zo,/p _ N, o' e H'RY))

and
Ly = (antisymmetric N-particle Hilbert space) 4)

Thus, in order to construct the energy functional F[p] it is
necessary to span all wavefunctions in an N-particle anti-
symmetric Hilbert space that yield the fixed density p. At the
extremum, the following identity holds:

Flp] =< W™ T + Voo | W" > (5)
In particular, if the fixed p = py is the ground-state one-par-
ticle density of a given physical system, then
Wy = Yo ()
where W is the ground-state wavefunction for this system.
Levy’s constrained search may be considered as an “im-
plicit constructive procedure”since it does not provide the
means for actually constructing this functional. In contrast
to this situation, an “explicit constructive procedure”, has
been advanced in the context of the local-scaling transforma-
tion version of the DFT, LS-DFT, [19-22]. This procedure
is based on the fact that through the introduction of density-
dependent coordinates r7 = T ([p]; r) it becomes possible
to obtain density-dependent wavefunctions. In particular, if
we know the exact ground-state wavefunction for a given
physical system, then, by introducing these density-depen-
dent coordinates into this exact wavefunction (this is accom-
plished in practice through the application of local-scaling
transformations), we can generate the corresponding den-
sity-dependent wavefunction. For example, for an N-electron
system, we have:

ey

2

3)

p(ry)
pw ()

[ p(ry) T
) pw(rl) otr:

The density-dependent coordinate r” is obtained through
the application of locally scaled transformations to the coor-
dinate r. Explicitly, the transformed coordinate is given by

Yo([pl; Ty, - -

,TN) =

)

T
arN)

P \/(xT)z + (12 + (27)? (®)

where the Cartesian locally scaled components are:

xI=amx, y =iy, and z' =iz ()

In this expression, A(r) is the local-scaling transforma-
tion function, which is determined by solving the following
first-order differential equation:

_ p(r) 173 —1/3
Ar) = (,O\p(l'T)) L1(r) (10)
where
L1(r) = (1 +r-Velni(r)) (11)

It follows that using this density-dependent wavefunction
we can construct a functional

Flp] =< Wo([pDIT + Vee|Wo([p]) > = Flp] (12)

which at the extremum (i.e., when p = pg) coincides with
Levy’s functional

Flpol = Flpo] (13)

This functional, in addition, minimizes the energy of the sys-
tem under consideration (corresponding to the ground-state
wavefunction Wp):

E, = min{f[p] +/d3rp(r)v(r)} (14)

pEIN

3 Generation of F[p] for Hooke’s atom through
local-scaling transformations

The Hamiltonian characterizing Hooke’s atom [2,6,3] is
~ 1 k
H=—3 (V2 +V2)+300+D)+ (15)
showing that this is a two-electron atom differing from the
true one in that a harmonic potential replaces the Coulomb
electron—nuclear one.

The ground-state analytical solution for a coupling con-

stant [3] k = § is

Ir; —ra|’

W(ry,r2) = Ncb(r1)b(r2)C(r12) (16)
where
1
Ne= ——— 17
257 + 87 ("
b(r) = e /4 (18)
C(ri2) =1+r12/2 (19)

The one-electron density associated with the exact ground-
state wave function is

pu(r) = 2/d3rz|wr1,rz)|2
427 Erf (r1 /N/2)

Il

= N2b*(r1) (sz(rl) +7V27 +

+ 427 Erf(rl/\/z)rl + \/Erlz) (20)
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(In what follows, we set py = p, where the latter is denoted
as the “generating” density). According to Eq. (7) the locally
scaled wave function, which depends on the arbitrary density
p(r) is given by:

p(r1) p(r2) T T
Y([pliri,rp) = We(ry,ry) (2D
e S NS R
Defining the auxiliary function a(r) as
_ | P
atn =\ >0 (22)

and using Eq. (16), the locally scaled wave function can be
written as:

W([pl; r1,r2) = Nea(r)a(r)b(r{ )b(r3 )C(ry) (23)
Similarly, the 1 - matrix is given by
D\IJJ([/O]v ry, rl”)
_2 / Erv (ol ry e)W(IpL . 1) (24)

Using Eq. (23) and the following equality between the vol-
ume elements of unscaled and locally-scaled coordinates

p(r)
Pg (xr?)
it can be rewritten as:

Dy ([pl; vy, wpr) = 2NZa(ry)alry)b(r[)b(rl)

3 — BT

(25)

x / ey b*(r)C(r] )Crl)  (26)

In terms of Eq. (26) the kinetic energy may be expressed as:

1
T (Dl =Tlp]l = §/d3l‘1t([p]; ri) (27)
where the kinetic energy density is given by:
(Pl 1) = Ve, Ve, Dy (ol Ty v (28)
1

1 =r] ,1‘1// =I]

Bearing in mind the form of the wave function [Eq. (23)]
the total kinetic energy density may be decomposed as [1]:

t([pl; r) = taa(r) + tbb(r) + tcc(r) + 2(tab(r)

+tac(r) + tbe(r)) 29)
where:
taa(r) = pg(r’) Vya(r) - Via(r) (30)
a(r) \*
tbb(r) = pe(r’) (b(rT)) Vib(r")
Vab(rT) (31)
tee(r) = a(r)2 b(rT)2 2N3
x / d*F] b(ry )* Vi, C(ry)
-V C(rl) (32)
2(tab(r) + the(r)) = a(r) Vi a(r) - Vi pe(r’) (33)
2
tbb + the = 2w poT) . v, perT)  (34)

2b@T)

where the expressions show an implicit dependence on the
density.

The Mathematica code for evaluating these expressions
is given in the Appendix. This code when executed with the
command math, produces as its output the following kinetic
energy density functional:

Tlp] = Twlp]l +4m

y / T o) LI BTy (35)
0

where:

Fs;3(x) = bx)? - x
232167 + 1073/2) (pg ()53 8(pg(x))*/3
_x(dpy()/dx) _ (dpy(x)/dx) a6

4(pg(x))3/3 8(pg(x))8/3

and where Ty [p] is the von Weizsicker term:

Twlpl = 4n / Y @p(y/dry” (37)

0 8p(r)

The electron—electron interaction energy functional for
the locally scaled wavefunction is given by

1
Ee[W([p])] = / &y / Prfokr P (8

Elsewhere [1], we have shown that upon application of
local-scaling transformations we obtain the following density
functional for the electron—electron interaction:

Eee[V([pD] = Eeelp]

0 00
-3 / drirtp(r) B ED (p1; 1) (39)
1=0 "0

The electron-electron interaction enhancement factors are:

o 4
F/([plir) = 21—“
()2

. (rlT)l—Hqu (rlT)(l+4)/3L1(r1)(l+l)/3 hIi([p]; 1) (40)

where the auxiliary integral I;([p]; r1) is given by

)21 d T T 1,2,.T
Il([p]’rl)ZZNCr_T 0 drzrzrzb (l"z)
1

rT T
PR T T po T 172
x[/ L driyriy PP (cos012) (1 +7115/2)

T
n—r

M T 0
+/ . drlzrlzpl (0059]2)

ry —rg

x (1 + r{2/2)2] (41)

and where cos 012 = ((r{ ) + (r])? — (r[p)H/@r r]).
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Table 1 Evaluation of the exact energy functional for Hooke’s atom using Hylleraas’ [23] and Koga’s [24] densities for the He atom and Koga’s
[24] densities for the two-electron ions Lit and Be™2. For comparison, the exact results for Hooke’s atom are included and the exact energies for

the systems considered

Energies Hooke He(Hylleraas) He(Koga) LiT(Koga) Bet2(Koga)
T.[p] 0.029172 0.141246 0.096929 0.247715 0.471255

Tl p] 0.635245 2.873206 2.867259 7.240085 13.614083
Tlp] = Tclpl + Tslp] 0.664418 3.014453 2.964187 7.487800 14.085338
Efe [p]¢ 0.447443 0.774102 0.775188 0.749477 0.738870

Flpl =T[pl+ Eecclp] 1.111861 3.788555 3.739375 8.237277 14.824208
Eext[Vext, p] 0.888139 —6.760337 —6.753459 —16.127542 ~29.501996
Eotal[Vext» 0] 2.000000 —2.971782 —3.014083 —7.890265 —14.677789
Eeovact 2.000000 —2.903724 —2.903724 —7.279913 —13.655566
Eexl[vggoke’ o] 0.888139 0.296349 0.298365 0.111570 0.058017

Etma][vg(?(’ke, o] 2.000000 4.084941 4.037741 7.609306 14.882224

2 For this energy component we set Imax = 8.

4 Results and discussion

The expressions for Hooke’s atom functionals 7'[p], given
by Egs. (35) and (37) and for E..[p] given by Eq. (39) have
been evaluated using the Hylleraas [23] and Koga [24] one-
particle densities for the He atom and Koga’s densities [24]
for the two-electron systems Li™ and Be?*.

Also, calculations have been performed to evaluate the
total energy functional

Erotai[Vext, 01 = T[] + Ecelp] + Eext[vext, 0] (42)
where the energy due to the external is defined as
Eextlvext, p] = / &1 () Vet (1) (43)

In Table 1 we list, for these densities, the values of T'[p]
and of its components T[p], — the kinetic energy for a non-
interacting system, which in the present two-electron case is
just the von Weizsicker contribution Ti[p] = Tw[p]-, and
of T,[p] the correlation contribution to the kinetic energy,
defined by the relation T.[p] = T[p] — Tw|p]. In this table,
Eiotal[Vext, o] and Eex¢[vext, 0] are the total and the external
energies, defined by Egs. (42) and (43), respectively. In this
table we also list Etotal[vgft’(’ke, p]land Eext[vgg(’ke, p] which
are the total and the external energies, respectively, evalu-
ated with the density of the system under consideration but
with the Hooke’s atom external potential. For comparison
purposes, we have included the values for Hooke’s atom and
the exact energies for the systems under consideration.

As we have previously discussed, the computation of the
local-scaling transformation function 7 (r) is implicit in the
evaluation of the energy functional (42). This implies finding
the roots of the following transcendental equation expressing
the conservation of charge:

T

/r X% pg(x) _/, X% p(x) =0,
0 0

This step was accomplished using the command FindRoot in
Mathematica.

Once the function 7 (r) has been determined, the remain-
ing task is the numerical computation of the integrals of the

(44)

kinetic and electron—electron energy densities. The former
can still be computed with the aid of Mathematica (by using
the NIntegrate command), for the latter the run-time becomes
very large therefore making it more convenient to evaluate
this energy component with a Fortran program. In this For-
tran program (as in the Mathematica case) the infinite sum of
Eq. (39) was truncated after an arbitray given number of /i«
terms, and each integration was carried out using a Newton-
Cotes quadrature. The results obtained with this program are
shown in Table 1.

As we can see from Table 1, Emtal[vg‘t"’ke, p] (which is
the energy of the complete Hooke’s energy functional eval-
uated with densities of two-electron systems) satisfies the
variational principle. In all cases, it is above the extremum
value of 2.00000 hartrees. It attains this value only when
the energy functional is computed using the exact Hooke’s
atom density. Similarly, one can see that the values of the
functional F[p] = T[p]+ E..[p] also satisfy the variational
principle. The lowest value of 1.111861 hartrees is attained
for F[pHooke]- It is interesting to notice that there are consid-
erable differences between the densities of these two-electron
systems. This fact is reflected in the values of E ext[ugg"ke, ol,
namely, in the values of the external energies calculated using
the same Hooke’s atom external potential but different one-
particle densities. _

The total energies obtained by adding to F[p] the contri-
bution coming from the external energy Eexi[Vext, 0]
evaluated using the external potential that corresponds to the
one-particle density, give values which are below the exact
values for these two-electron systems. In other words, for
these cases, the variational principle does not hold and in
consequence, energy values lower than the exact ones can be
obtained. This shows that the exact energy density functional
for Hooke’s atom, cannot be used to compute the total energy
of other two-particle systems differing from Hooke’s atom in
just the external potential.

_ We address now the question of whether the functional
F[p], which by construction is the exact functional for
Hooke’s atom, should also be the exact functional for other
two-electron systems. The answer is certainly not. The reason
is that the exact Hooke’s functional which we have
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generated by applying local-scaling transformations on the
exact wavefunction for Hooke’s atom, only coincides with
Levy’s functional at the extremum, namely, at the point when
the arbitrary density becomes equal to the exact density of
Hooke’s atom. Clearly, at other points of the variational
scheme, any other given and fixed density will select among
the wavefunctions in Hilbert space that particular wavefunc-
tion, which both minimizes F[p] and yields the density p.
And, in fact, if that given and fixed density is the exact density
of any other two-particle system differing from Hooke’s atom
in just the external potential, then the wavefunction that min-
imizes F[p] must certainly be the exact ground-state wave-
function for that particular system. Now, if we had at our
disposal exact wavefunctions for two-particle systems cor-
responding to a reasonable sampling of external potentials,
then we could construct using the same local-scaling trans-
formation method employed for the case of Hooke’s atom,
the corresponding exact energy functional F[p] for all these
systems. This would allow us to ascertain the common char-
acteristics that should be present in the common (or universal)
functional of Levy.

But from our present results, we may readily infer that
each such functional will depend on particular characteristics
of the system at hand. The question of the universality of the
functional F[p] can be stated, therefore, as that of whether it
is possible to have a single expression that fulfills all the char-
acteristics of particular exact functionals when these charac-
teristics can be made to vary at wish. Most likely, the answer
to this question is again negative. But this question, it seems
to us, deserves to be explored. In this respect the lack of exact
wavefunctions from which to obtain these functionals may be
circumvented by resorting to highly approximate wavefunc-
tions. Currently, work is underway to construct these explicit
functionals through application of local-scaling transforma-
tions to these quasi-exact wavefunctions.

Let us finish by mentioning that, recently, one of us has
shown [26] that the questions of the still unsolved problem
of the N-representability of the two-matrix and that of the
construction of the universal functional F[p] are intimately
related. Certainly this connection opens the way to exploring
the effect that approximate N-representability conditions of
the two-matrix have on the actual form of approximate func-
tionals.

Acknowledgements We gratefully acknowledge support by FONA-
CIT of Venezuela through Group Project No. G-97000741.

Appendix: Mathematica code

(*LST Wave function form: Nc*al[rl]*al[r2]*b[rl]
*pblr2]*c[rl2]*)

Off [General: :spelll;

Off [General: :spelll];

<< Calculus‘'VectorAnalysis"®

blr_1 = Exp[-flr]~2/4]

clr_ ] =1+ r/2

alr_] = Sart[R[r]/Rglflr]]];

Istlr_] = R[r]"(1/3)*Rgl[flxr]]1"(-1/3)*LIr]1"(2/3);

dfl12dl = flr]/£f12 -£f2/£12*((f[r] " 2+£272-£12"2)/
(2*f[r]l*£2));

SetCoordinates[Spherical(r,t,pll;
gR=Simplify[Grad[Rg[f[r]]]/.D[f[r],r]l->1st
[r]];
ga=Simplify([Gradlalr]]/.D[f[r

7

r]->1lstl[r

1, 11
gaga=Collect[Expand[Dot[ga,gall, {R,Rg,L}];
gb=Simplify[Grad[blr]]/.D[f[r],r]l->1st(r]];
gbgb=Collect[Expand[Dot[gb,gbl]l, {R,Rg,L}];
gc=Simplify[Grad[c[f12[f[r]]1]1]1/.{D[fl[xr],r]
->1st[r],

D[fl12[f[r]],flr]]->df12d41}];

SetCoordinates[Cartesian(xl,yl,z1]];

rl2 = Sgrt[(x1-x2)72 +(yl-y2) "2+ (zl1l-22)"2];
Gl=Simplify[Grad[c[rl2]11];
G2=Simplify[lst[r]"2*Dot[G1l,G1l]];
Clear[rl2];

Simplify[G2/.{Sgrt[ (x1-x2)"2 +(yl-y2) "2+
(z1l-z2)"2]->f12},

£12>0];

gecge=Simplify[%/.{(x172-2 x1 x2+x2"2+yl1"2
-2 vl yv2 + y272 + z172 - 2 zl z2 + 2272 )
->f1272}1;

taa = Collect[Expand[gaga*Rgl[flr]]],{R,Rg,L}]1;
tabac= Collect[Expand[alr]*Dot[ga,gR]l],
{R,Rg,L}1;

tbb = Collect[Expand[gbgb*Rg[flr]]*(alxr]/
b[r]l)"21,{R,Rg,L}1;

tbbbc= Collect[Expand[ (al[r]”"2/(2*b[r]))
*Dot [gb,gR]], {R,Rg,L}];

tbc = Simplify[tbbbc - tbb];

tcc = Simplify[2*alr] 2*b[r] "2*2*Pi*Nc"2/
f[r]* (Integratel
Integrate[f[r2] *f12*b[r2] "2*gcgc, {£12,f[r]-
flr2],£lr]+£[xr2]}],
{f[r2]1,0,f[r]l}]+Integrate[Integrate[f[r2]
*f12*b[r2] "2*gcgc,
{f12,f[xr2]-f[xr],flr]+£[(r2]3}],{f[xr2],f[r],
Infinity}]1), {A>0,B>0,B1>0}];

t[r_]= Collect[PowerExpand|[ (taa +

tbb + tcc + tabac

+ 2*tbc) /2], {R[r],R[r]"(5/3)1}]

In this code, R[r] and Rg[r] are the final and initial den-
sities p(r) and p,(r), respectively. The locally scaled coor-
dinate 7 (r) is denoted by f(r) and D[f[r], r] is the first
derivative of the locally scaled coordinate, which is replaced
by Ist[r] (line 8), the chain rule for the LST. The function
L1(r) has its origin in the Jacobian of the LST [22] and is
given by:

p(r)

3
)
1) =(Z
Lo (f) 20 (f)

In this code, the calculation of the gradient of the correlation
function is done first through the use of the definition of the
f12 variable and its first derivative with respect to f; (df12d1
in the source):

(45)

fh=ft+ 1 —2f frcosbn) (46)
dfa _ A h U+ 1R @
df Sz fi2 @ f1 fv)

€1 where the following substitution was made: cos(012) =
(ff + 15 = f/Qfif)

For evaluating the scalar product of such gradients, Carte-
sian coordinates were employed because in such coordinates
it is easier to carry out the simplifications (lines 16-22).
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In line 30, the integral of Eq. (32) is evaluated by means

of the procedure described by Calais and Lodwin [26].

References

—_

90N OV B L

1.

S

Ludefia EV, Gémez D, Karasiev V, Nieto P (2004) Int J Quantum
Chem 99:297
Kestner NR, Sinanoglu O (1962) Phys Rev 128:2687

. Taut M (1993) Phys Rev A 48:3561

Kais S, Hershbach DR, Levine RD (1989) J Chem Phys 91:7791
Merkt U, Huser J, Wagner M (1991) Phys Rev B 43:7320

. Laufer PM, Krieger JB (1986) Phys Rev A 33:1480

Samanta A, Ghosh SK (1991) Phys Rev A 43:6395

Kais S, Hershbach DR, Handy NC, Murray CW, Laming GJ (1993)
J Chem Phys 99:417

Filippi C, Umrigar CJ, Taut M (1994) J Chem Phys 100:1290

. Burke K, Perdew JP, Levy M (1995) In: Modern density functional

theory. A tool for chemistry, Seminario JM, Politzer P (Eds.) Else-
vier: Amsterdam p. 29
Huang CJ, Umrigar CJ (1997) Phys Rev A 56:290

Sahni V (1997) Phys Rev A 55:1846

. Cioslowski J, Pernal K (2000) J Chem Phys 11:8434

Karwowski J, Cyrnek L (2004) Ann Phys (Leipzig) 13:181

. Ludena EV, Karasiev V, Artemyev A, Gémez D (2000) In: Many-

electron densities and reduced density matrices, Cioslowski J (Ed.)
Kluwer:Dordrecht p. 209

Artemyev A, Ludefa EV, Karasiev V (2002) J Mol Struct (Theo-
chem) 580:47

. Hohenberg PC, Kohn W (1964) Phys Rev 136:B864
. Levy M (1979) Proc Nat Acad Sci USA 76:6062

Kryachko ES, Ludefia EV (1990) Energy density functional theory
of many-electron systems, Kluwer:Dordrecht
Ludeiia EV, Lépez-Boada R (1996) Topics Curr Chem 180:169

. Ludena EV, Lépez-Boada R, Karasiev V, Pino R, Valderrama E,

Maldonado J, Colle R, Hinze J (1999) Adv Quant Chem 33:49

. LudenaEV, Karasiev V, Lopez-Boada R, Valderrama E Maldonado

J(1999) J Comput Chem 20:155

. Hylleraas EA (1929) Z Phys 54:347; see also, Koga T (1990) J

Chem Phys 93:3720

. Koga T, Kasai Y, Thakkar AJ (1993) Int J Quantum Chem 46:689
. Ludenia EV (2004) J Mol Struct (Theochem) 709:25
. Calais JL, Lowdin P-O (1962) J Mol Spect 8:203




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


