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§ 1. Introduction

Spin-orbit interaction energy of an electron was first introduced by
Uhlenbeck and Goudsmit [1]*’ showing how the idea of spin of an electron
can be used to explain the anomalous Zeeman effect. However, the as-
sumption they had to make seemed to lead to the value twice as large as
the experimental value. It was due to the fact that the caleulation was
referred to the observer moving instantaneously with the same velocity as
that of an electron. But, in fact, the velocity of an electron in atom
changes successively for the observer fixed to the nucleus. Thereupon,
taking it into account, L. H. Thomas [2] and J. Frenkel [3] ecalculated
the value of spin-orbit interaction energy. Their calculations led to the
same value as observed. In this way, it was shown that Uhlenbeck and
Goudsmit’s assumptions really led to the correct doublet separation at the
same time as the anomalous Zeeman effect when the problem was treated
by the quantum mechanics [4]. Nowadays, the effect of the spin-orbit
interaction on the energy levels of hydrogen is deduced from the Dirae’s
theory of electron. However, in this paper, we shall describe our theory
comparing it with that of L. H. Thomas.

The main faet used by L. H. Thomas in obtaining the correct result
is that the combination of two ‘‘ Lorentz transformations without rotation’’
in general is not of the same form but is equivalent to a Lorentz trans-
formation with a rotation. The °‘Lorentz transformations without rota-
tion”’ are defined by the following equations [2,5,6,7]:

PR (YR S S N O

= +“[ @ Wi—ae TV (=12, 3)} (1.1)
t'=[t—(ux)/c*]/V'1—u*/c*

where o', t and x", ¢’ denote the space-time coordinates in the systems K

and K’, the components of the uniform velocity of K’ relative to K being

u* (h=1,2,8). The round parenthesis of # and x: (ux) denotes the inner

product of %' and 2. The above-mentioned fact means that the trans-

%) Numbers in brackets refer to the references at the end of the paper.
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formations (1.1) do not form a 8-parameter group regarding u* (h=1, 2, 8)
as parameters. - This fact does not take place for the Galilean transforma-
tions in non-relativistic kinematies. Obviously the Galilean transformations
without rotation of the Cartesian axes:
ri=xtt+u't (1=1,2,3), t'=t
form a 8-parameter group regarding u" as parameters. So it may be
natural to expect that even in relativistic kinematics the transformations
between the space-time coordinates in two inertial systems moving with
uniform velocity to each other, should have group property (regarding the
three components of the velocity as parameters of the transformations).
As shown in the previous paper [7], the fact that the transformations
defined by (1.1) do not form a group is due to the adoption of the follow-
ing assumption : the component of the position vector ' in the direction
perpendicular to the velocity ' undergoes no change. However, we think
that this assumption has no necessary reason. So, abandoning the above
assumption, we modify the transformations defined by (1.1) such that they
form a 3-parameter group (regarding u" (=1, 2,3) as parameters) and
leave the form of ds*=(da')?+(da?)?+ (da®)?—cXdt)? invariant. In the pre-
vious papers [7,8], we have described the equations of such modified
transformations in the following form :
1 el &6 dt_ui/c — i{ uj/c dl/l uZ/C}
v [Bf 1—(uye " Wi 1= (@) J
Jue—(du){1—1V'1—w?/c*} (1.2)
”[d I—(dwe}VI—wle  1— (d ye J ¢,5=1,2,8)
t'=[t—(ux)/c*]/V'1—u¥/c?
which are the equations (1.2) in the previous paper [7]. Here d"=d,
(h=1, 2, 8) are any constants satisfying the condition (d-d)=1. We have
called the transformations (1.2) ‘‘the new fundamental group of trans-
formations’’ and proposed to replace (1.1) by (1.2), as representing the
relations between the coordinates in two inertial systems' one of which
moves with uniform velocity to the other.” The essential difference between
the transformations (1.1) and (1.2) is that the transformations (1.2) intro-
duce automatically a certain direction whose direction cosines are d,, d;, d;.
In the foregoing papers [6, 7, 8], we have intended to develope the theory
based on the new fundamental group of transformations.

Now, we must show how the spin-orbit interaction energy can be
evaluated based on (1.2). For this aim, corresponding to the Thomas pre-
cession [2, 5], we have calculated the precession caused by the successive
transformations (1.2) of the new group as follows [7]. Let us consider
three inertial systems K, K’ and K” of which K’ moves with velocity u'
relative to K while K"’ moves with infinitesimal velocity +* relative to K’.
As the connection between the coordinates (z,t) in K and (2/,¢) in K’ we
take (1.2). In the same way, the connection between (z/, ¢') and the co-
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ordinates (z”, t”) in K" is represented by the eguations obtained from (1.2)
" after replacing (z, ¢, u) by («/,¢,v) and (&,¢) by (¢’,t"). By the group
property of (1.2), the relation between (x,¢) and (2", t"”) is expressed by
the equations obtained from (1.2) after replacing («',¢') by (z”,¢") and %'
by certain parameters w‘ (the components of the velocity of K" relative
to K). Since ' are infinitesimal quantities, we can put

w, =U; + U,

regarding Su, as infinitesimal quantities. We sghall obtain a method to re-
present the transition from K’ to K’ measured in K. For this purpose, by
considering certain spatial rotation in K, we introduce for K the system- (y’)
such that the systems (y’) and K’ are connected by Lorentz transformation
without rotation. Further, applying the same procedure to K", we intro-
duce the system (y”) in K. Then the transition from (y') to (¥”) in K
corresponds to the transition from K’ to K”. The transition from (y’) to
(y") is expressed by an infinitesimal rotation which we denote by the
vector 2. The actual form of £ has been obtained by (2.8) and (2.9) in
the previous paper [7]. Namely

r {2(1 —vi—wye) W 1 }[dx Su]
U (4]

) —2(1 -1/ 1—uje?) ¢ . ) [dxu)
o= L (1.3)
1=(wle | (1 \wdw), .
(e S xw)

—(1——1/17—@2/52},;2—[ux8u] J
where u=(u', %%, u®), d=(d', &%, d°), Su=(8u", Su?, du?), and [dxdu] denotes
the ordinary vector product of d and du.

In order to calculate the spin-orbit interaction energy of an electron
based on (1.8), we now consider a point compass, i. e. a material particle
which in some way or other defines a direction. If the velocity of the
particle relative to K is u=u(t), and if we put Su=u(t)-dt in the above
consideration, the systems K’ and K” will be momentary rest systems of
inertia for the particle at the times ¢ and ¢+dt respectively. And the
rotation vector defined by (1.3) represents the rotation corresponding to
the transition from K’ to K" measured in K. Since, furthermore, the
direction of the compass relative to the rest system is constant, this
means that the direction of the compass relative to K is turned through
an angle corresponding to the rotation vector 2. In other words, the
compass performs a precession relative to K with the velocity of precession
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{2(1 —VI—ue 2)(d ) _ }[dxu]

—2(1—v/1 —uzlcz)v@—@—[dx u]
1 u?

VI=d-we (-4

w:

1 \(u-u)
<1/1 u?/c® 1/ cu? [d>xu]

| —(1=V1-wYc) uz/cz) [uxit]

where u=du/dt is the acceleration of the pomt compass.

In the following sections §2, §3, using (1.4), we shall calculate spin-
orbit interaction energy of an electron in hydrogenic atom. Then compar-
ing the result with the experimental value, we conclude that d* appeared
in the transformation (1.2) should be interpreted as representing the di-
rection of spin vector of an electron.

§2. Estimation of spin-orbit interaction energy

From the consideration of §1, the spin vector 8 of the eleciron in
hydrogenic atom, as seen by an observer fixed to the nucleus, precesses
with angular velocity o :

— L {@+ w20y xi)— 2 (@-i[dxu]

which is obtained from (1.4) by neglecting all terms of higher than the
first order in u/c.

Following the usual method, this precession gives rise to an instant-
aneous energy change, in addition to the term (w;-8) due to Larmor
precession,

H =(w;-8)+(w-8) - (2.0)
Now, we shall evaluate this additional spin-orbit interaction term. For
this purpose, we must first set up, in our formulation based on the new
fundamental group of transformations, the Hamiltonian without spin-orbit
interaction and the eigen function for this unperturbed Hamiltonian.

In our theory, as shown in the previous paper [8], we have defined
energy-momentum vector p,, E as an invariant vector of the new funda-
mental group of transformations. Specially, when the energy-momentum
vector is invariant under the rotations around the axis d, we have

p=_ Mot nV'1—u?/c*,
V1—u¥c?  1—(d-u)/ec
__ mye nV/1—u?c?,
Ble= A 2wt 1=@wle
where m, and n, are arbitrary constants.
In this paper, we start with the energy-momentum vector defined by

(2.2)
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(2.2). From (2.2), we have the relation between energy and momentum
as follows :

E¥ = (p,p")+ c(mi+2myn,) .
This form is the same as in the ordinary theory except the rest-mass is
replaced by /mi+2m,n,. Hence the Hamiltonian H of an electron in the
Coulomb potential V(r)=—Ze/r of ihe nucleus with charge Ze can be ex-
pressed in the following form :

H=E—«c*+V(r)=cV ¢ +p* —rc*+ V(r)
1 1

ZZ—KPZ *8"“.; §p4+ -+ M) (2.3)
where 7 E=mi+2myn, . (2.4)
As in the ordinary theory, the Schr'ddinger equation®’

Hyp=[ L p*+ V) [y = - ervele=mwe (2.5)

gives eigen' values of energy W,:

ke*Z?®
W,=— St n=1,2, -++) (2.6)
and eigen function
_R., 0 [=0,1,2, -+-,(n—1) 9

Y=o, 00 (70050 0TY) @

in which
— Z(n l 1)' -p/2 z+1 20+1
R, ()= LEF SR iy
=y Ll (OB
0, (0)=(—1% 20+1 (l+m)’ ) 1 a" 2g
==y = = T 2tzv S0 (deos By T

0(@)=5 ~oxD (imp)

where p=22r/na and a=h*/xe*. [9]

Taking into account the energy correction due to the second term of

(2.8), the Hamiltonian (2.8) gives the eigen values of energy [9]
2 2772 2772
Wa=—2 ﬁg-{l +£nZ2 (7+n1 2 —%)Jr - } , a=che=1/137. (2.8)

In our system with the eigen function (2.7), p is of order k/a. On
the other hand, we treat the problem under the assumption that u/c<1.
Hence it may be reasonable to put |n,/m,|<1.

Next, we must express spin-orbit interaction part (2.1) in terms of
the canonical momentum p and the coordinates r of the electron. Using
the relation (2.2) and neglecting all terms of higher than the first order
in u/c, we can express u in terms of p as follows:

%) In our theory p and « are not the same as the momentum and mass in ordinary
theory. However, for a while, we assume that p and « play the same role as the momentum
and mass in the ordinary theory.
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1. n

U= cd— — —(p-d)d (2.9
Pt mme iy :
Therefore, adopting (2 9), (@*8) in (2.1) ca,n be rewritten in the form :
1 .
8)=—(1— d — .
O 0>>([ xsld)— o ((pxi]-)
1 [_

oo U 2 4y PN x8]- u)+(d ix[dxs]-p)} . (2.10)

Now, we shall assume that & is given by the equation
i=—CF with Ezﬁ(—ﬁ>:ZeL 2.11)
& or r rd
in which we take « in the place of mass in the ordinary theory. We in-
sert (2.11) into (2.10) and substitute the resulting expression for (@-8) in

. . Zet .
(2.1). Then, assuming temporarily that (mﬁ-s)=-xm—iz;;([rxp]-s) as in
0
ordinary theory, (2.1) is expressed as

o ZeZ / _ N, . 3 Zez . .
H= KC \1 2, +ny) >([dxs] r)ir*+ Bemyc® (Irxp]-8)/r
Ze? 7, . y [y

o {2(m0+ 0)(0’ p)[dxs]-r)—(d-r)([dxs] p)}/¢ (2.12)

The first order perturbation arising from (2.12) is
(Hf)ﬂ,l; n)l':j'\’};‘n,lﬂl,‘l"n,t’dv (2-13)

where V,, is the eigen function given by (2.7) and V¥, is complex con-
jugate to V,,. The second term in (2.12) is nothing but the one deduced
from the usual spin-orbit interaction except m} is replaced by «m, We
shall denote this term by W’, Namely,

W;"—S\Pn 1(7' 0, go)[‘ — —([r XP:I 8)] (S l'(,ry 6’ ¢7)’l'2 Sine'dT'dg'd¢ .
(2.14)
Now, we shall estimate the first term, say Hi, of (2.12). When H,
does mnol vanish, for the sake of convenience, we take the direction of
[dxs] as that of z axis. Then,
H = — sz (1 - 2(mn0 0) >]d>< 8| B - cos 0= /Ll— cos 6 (2.15)
putting i=—Ze¥d x 8|{1—n,/2(m,+n,)}/xc. The first order perturbation due
to (2.15) is expressed, from (2.13), as

(Hl)n s, _zf Rn LR'n I3 ld’rs @[,1; @;',m'COS 6-sin 0d6

The integral over @ has a value only when !'=[=x1. For I'=[-1
(Hnaina=t( 22Y @ (A DVOA LD e [ (Lm)bm)

AZ [+ (2l+1)(2l—1)
x [ et L L (o)

Using the properties of associated Laguerre polynomial, we can show that



Spin-orbit Interaction Energy of an Electron based 43

(HVDn,in1-1=0. Similarly we have (H))un,.::1=0. Hence we have
(H;)n,zm,z':O . (2.16)
Next, by the usual method, we shall estimate the second order per-
turbation arising from (2.15), as follows

" (‘H;)'n,l;n’:l'(H;)'n',l';'ml 2.17
Wi S | (2.17)

where (B = (Vo B 0, (Hoyvs= (B0 Bidrudo, and W is the
expression obtained from (2.6) after replacing n by »’. For the estimation,
the calculation of the integral L Rm(r)R,,,,,(r)%gdr (nn') is necessary.

Since this integral has complicated form, we shall, here, estimate only the
numerical order. We can easily show that
(H))pswr ] Wr=car/h=ch/e*=13T . (2.18)

On the other hand, :
W W,~=Z a*In?*~Z*/(18Tn?) .

Hence (HY),..» is the same order as W,. Therefore, from (2.17), W, is,
at least, the same order as (H),/,n,. Accordingly, by (2.18), W,” becomes
far larger than W,. In other words, our spin-orbit interaction term gives
not only values that contradict with experimental energy values, but also
breaks down the usual perturbation method. Therefore, in order that we
may have adequate theory, we must search for such a case that the first
term of (2.12) contributes nothing to spin-orbit interaction energy. The
case fitted for our aim is that (1—n.,/2(m,+%,))[dx8]=0, namely [dxs8]

=0 since 1—n,/2(m,+n,)30. In the following section we shall investigate
the case [dx8]=0.

§ 3. Case where d is parallel to s

We shall now consider the case where

[dx8]=0, (8.1)
i.e. d is parallel to s. In this case (2.12) becomes
H=2¢ _((rxpl-s)r. (3.2)
2iem ,C*

In order that this gives the value coincides ‘with the experimental value
it must be that «m,=m’, accordingly

n,=0, k=M, . . (3.3)
Then we have
Dy =M/ 1/1327_02
Ele=mc/V'1—u*[c*
which coincide with the usual special relativistic term. Thus, (3.2) gives
the same eigen values of energy as the one deduced by the usual formalism.
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Now, putting '
[rxp]=l

(the eigen value of I being 0,1, 2, ---), we consider the total angular mo-
mentum : J=1I[+s. In usual way, by quantizing I, s and J such that they
satisfy the commutation relations: J,J,—J,J,=tkJ, ete., we see that I?
8* and J® has eigen values I(I+1)R% s(s+1)i* and j(j+1)i* respectively.
Here j=|l—s|, {{—s]+1, ---, {+s. For s=1/2, j takes the values [+1/2
and [—1/2 unless [=0. (for [=0, j=1/2) From (2, 14), the first order
perturbation gives the following eigen values of energy [9]:

W=W,+ %2~< a;{z )2(2l + 11;(l +1) <j:l+ %) (8.5)
2, 272 \2 ; ‘
= “’"5(23_< ang > (2l:?:1)l | <J:l— %>

To conclude, we shall compare our procedures with the usual one in-
troduced by L. H. Thomas. Let K’ be a frame of reference in which an
electron is momentarily at the origin, and which moves with the instant-
aneous velocity of the electron at time ¢, measured in the frame of
reference K fixed to nucleus. Furthermore, let K"’ be a frame of re-
ference in which the electron is instantaneously fixed at the origin at
time £+ 4t measured in K. We are able to consider that the components
of the velocity 4o of K" relative to K’ are infinitesimal quantities. In
our formalism based on the new fundamental group of transformations, as
shown in the previous papsr [7], the direction of compass fixed to K"
performs a precession with the velocity of precession

o—=—Lrdxd]
C

measured in K’. On the contrary, in the ordinary procedure based on the
usual Lorentz transformations without rotation, we have ®=0. Thus, in
order to preserve the parallelism between our method and the usual one,
@ must be only superficial one and contributes nothing to the physical
effect. Accordingly, it will be reasonable to consider d be parallel to s.
When d is parallel to s, the additional energy due to @ becomes to
be zero measured in K’, and we can obtain (@-8) in a concise form. In

this case, by means of (1.4), only the term — Z%Euxit] in @ has physical

effect in the frame of reference K. From the above consideration it may
be natural to interprete d" appeared in the transformations (1.2), as re-
presenting spin axis of an electron.

8 4. Concluding remarks

In the preceding sections we have treated the spin-orbit interaction
energy based on the new group of transformations (1.2). However, the
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transformations considered are characterized by the property that the
transformations leave the equation of plane wave front advancing in the
direction d* with the velocity of light : (d-x)—ct=0 invariant [10]. Hence
our theory seems to be in connection with Dirac’s theory concerning the
forms of relativistic dynamies [11]. Therefore it is necessary to investi-
gate the problem concerning the so-called front form of relativistic dyma-
mics. This problem will be treated in our future paper.

References

[1] G.E. Uhlenbeck and S. Goudsmit: Spinning Electrons and the Structure of Spectra.
Nature vol. 117 (1926), 264.

[2] L.H. Thomas: The Kinematics of an Electron with an Axis. Phil. Mag. (7) Vol. 3
(1927), 1.

[3] J. Frenkel: Die Elektrodynamik des rotierenden Elektrons. Zts. fiir Physik XXXVii
(1926), 243.

[4] W. Heisenberg and P. Jordan: Anwendung der Quantenmechanik auf das Problem
der anomalen Zeemaneffekte. Zts. f. Phys. XXXVii (1926), 266.

{51 C. Mgller: The theory of Relativity. (Oxford, 1952)

[6] T. Shibata: On Lorentz transformations and Continuity equation of Angular Mo-
mentum in Relativistic Quantum Mechanics. This Journal Vol. 18, No. 3 (1955), 391.

[7] T. Shibata: The ¢ Lorentz Transformations without Rotation’’ and the New Funda-
mental Group of Transformations in Special Relativity and Quantum Mechanics. This Journal
Vol. 19, No. 1 (1955), 101. '

[8] T. Shibata: Definition of Momentum and Mass as an Invariant Vector of the New
Fundamental Group of Transformations in Special Relativity and Quantum Mechanics. This
Journal Vol. 16, No. 3 (1953), 487.

[9] E.U. Condon and G. H. Shortley: The Theory of Atomic Spectra. (Cambridge, 1953),
pp. 50, 140, 122.

[10] T. Shibata: Spin Representation of the New Fundamental Group of Transforma-
tions in Relativistic Quantum Mechanics. This Journal Vol. 19, No. 3 (1956), 491.

[11] P.A.M. Dirac: Forms of Relativistic Dynamics. Rev. Mod. Phys. Vol. 21, (1949),
392.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


