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Abstract We define a phased graph G to yield an adjacency matrix A(G) having
general magnitude-1 values in the same locations as the usual unphased case, but sub-
ject to the restriction that A be Hermitian. Some characteristics of phased cycles, their
eigenspectra, their symmetry, and their net energy are contemplated and described.
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1 Introduction

A phased graph G is one with a phased adjacency matrix A = [ayy]

i0yy

w.v=1 having
weights a,, = €', where 0,, = —6,, € R. Thence, A is Hermitian, and so is
diagonalizable with real eigenvalues. Such matrices are realized in a few different
physico-chemical contexts, as indicated in [1].

Here, we treat in some detail the case that G is an n-cycle. The eigenvalues (and
eigenvectors) are neatly determined, what symmetries of the unphased case might be
preserved are identified, and the total energies for the system are developed. This work
constitutes a generalization of the simple (unphased) cycle in a way that is somewhat
different than the very extensively studied idea of “circulant” matrices [2], where
cyclic symmetry is manifestly preserved while allowing interconnections of general
(cyclically symmetric) weights.
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We follow common notation and ideas. In particular, the chemical energy eo(G)
represents the Hiickel-type ground-state energy, for a number of electrons matching
the number 7 of sites. That is £9(G) is the sum over 7 ;A ; where occupation numbers
n; for eigenvalues A ; are chosen between 0 & 2, so as to maximize £0(G), subject
to the constraint that the n; sum to n. Also, gopt(G) is a maximal positive chemical
energy, with no constraint on matching the numbers of sites and electrons, whence the
net (molecular) charge gqpc may be nonzero, and perhaps depend on the phases. It is
understood that for gop (G) the positive energy orbitals are doubly occupied, and the
negative energy orbitals are unoccupied, while 0-energy orbitals are singly occupied.
In addition to the values of these different total energies, a natural question concerns
when gope = 0.

2 Eigensolution

For the phased n-cycle C,, with edge set E(C,) = {{j, j + 1} | j € [1,n]} where
[1,n] :={1,2,...,n},and addition modulo n of these integers is understood, through-
out this paper. A useful invariant turns out to be the net phase

n
0= (> 0 11| mod2r. 1)
Jj+l

Then

Theorem 1 For a single n-cycle C,, with phased adjacency matrix A(Cy), the eigen-
values are 2 cos nj with corresponding (unnormalized) eigenvector having k-th com-
ponent expi(kn; — Z;‘Zl O1,141), where nj = (6p + 21 j)/n for the j-th eigencase,
jel0,n—1].

Proof We start considering just the part of A = A(C,) which connects from vertex
jto(j+1) modn,j € [l,n]. Thatis, define a matrix C with (j, k)-th entry = 0
except when k = j + 1, whence the value is ¢/%.j+1. Further, consider the possibility
that the eigenproblem for C with the eigenvector ¢ has the j-th component ¢/¢/, and

eigenvalue ¢'”. Then,

ei(9j.j+1+<ﬂj+1) — ei(ﬂ"r‘ﬂj)’ jell,n]

so that given the 8; ;11(j € [1, n]), and @1, we recursively determine @2, ¢3, ..., @,
& n to satisfy these equations. Thence (say, with ¢ = 0),

O jv1+9jt1 =n+g¢;, jell,n—1],

where = is understood to mean an equality which could be modified by adding an
integer multiple of 27. Use of this relation as a recursion for ¢ | in terms of ¢; gives
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J
Pj1 = Jn — 291,1+1 +Jjo1.
=1

For the case j = n, one has

el On1te)) _ Lilnten) _ ei(nn+(n—1)<ﬂ1—27;11 O1,141)
9

giving e/ = ¢! ®0=("=2)¢1) Choosing ¢; = 0, we may take

0 l
n==42r-, lell,nl
n n

whence we have achieved C¢ = ¢/¢, where ¢; = €%/ and ¢ = €'%-i+1§; ;j11. Now,
also

el'é’_/,j—lcj_1 — ! (FOj-1jtej-1) — Hilej—m _ eiian,

whence C'¢ = ¢"¢, A = C" + C, and A¢ = 2cos7 - ¢. O

This extends the standard result for the unphased cycle (given by Hiickel [3]) and
the 6y = 7 phased cycle (by Heilbronner [4]). Moreover, as a direct consequence of
this, an extension of the “pictorial” result of Frost and Musulin [5] for the unphased
case as well as the 6y = 7 phased case (by Zimmermann [6]) follows:

Corollary 1.1 The eigenvalues of A for the phased n-cycle are the real parts of n
points equiangularly distributed around the |z| = 2 circle in the complex plane. At
0o = 0, the maximum eigenvalue sits at the intersection of this |z| = 2 circle with the
positive real axis. The eigenvalues vary continuously with 6y such that the n points
on the |z| = 2 circle are rotated through an angle 0 /n from the unphased (6p = 0)
position.

This diagrammatic construction orients the positive real axis downwards (thereby
correlating with common orbital energy-level diagrams — where the + direction is
upward but with eigenvalues multiplied by a negative parameter).

3 Symmetry

Without phasing, the problem is often elegantly solved through reference to (cyclic or
dihedral) symmetry, as eg. in [2]. Thence, one might wonder whether such symmetry
ideas apply in the case with a general distribution of phases.

Theorem 2 Let C,, be an n-cycle with phased adjacency matrix A = A(Cy). Then,
the n x n matrix C with all entries 0 except ¢ j+1 = e Opir1=00/n generates a cyclic
groupG = {CJ | j € [1, n]} commuting with A. Also, A = ¢!%/"C+¢=%/"CT which
can be expressed in terms of the irreducible idempotents Oy (corresponding to irre-
ducible characters x;(C~7) = e™Ik/") of the group algebra of G as A = Zj AjO;
with the A j = 2 cos[(0p + 27 j)/n] being eigenvalues of A.
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Proof If we let C be as in the proof of Theorem 1, then C = ¢~i%/?C and C" =
e~i%C" = . But it is readily seen that C" is diagonal, with a common value =
exp(i 22j_; 0 j+1), which is just e% Thus,C" = I,and {C/ | j € [I,n]} = G
forms a group, evidently with

A= ei@o/nc_kefiﬂo/ncfl'

Now, the group elements may be expressed in terms of the primitive (irreducible)
idempotents of the group algebra of G—these idempotents being well-known to be
given as

1< . .
O == 727Tl[j/an'
=2

Jj=1

See, e.g., [7] with e!?mit/n = y,(C~7) being the (also well-known) /-th irreducible
character for C™/. The desired (also well-known) “converse” relation is

n
Cj — ZEZnil.//nOl’
=1
whence

n n
A — Z(ei(90+271[j)/n + e*i(00+2711j)/n) . Ol — ZZCOS nl . Ol
=1 =1

m}

Thence, at least part of the automorphism group of the unphased rn-cycle is retained
as a “phased” cyclic group G. But the unphased graph manifests additional involutory
elements (viewable as corresponding to reflections normal to the “molecular plane”
of a standard planar embedding of the graph). Wherefrom, a question arises as to
what happens in the phased case with the additional involutory elements of the phased
automorphism group.

Proposition 3 Let C, be a phased single cycle with a net phase 0y and C as in
Proposition 2. Then, a further nonzero n x n involutory matrix o satisfying cC =
Clo & 0 A(C,) = A(Cy)o is excluded except at 6y = 0 or w, where the n X n

matrix o is = 0 except the elements 0 ,_; = '@+ ywhere s; := >1_ 6111

Proof Any such o augmenting G = {C" | j € [1, n]} yields G U oG to be a dihedral
group with 2-dimensional irreducible representations induced from the irreducible O;
with [ # 0, or (when n is even) n/2. But associated doubly degenerate eigenvalues
to A(G) do not occur so long as 6y # 0, w/n. Thus, such a o (with a nonzero rep-
resentation) is precluded except possibly at 8y = 0 or w/n (where there are double
degeneracies for n > 3).
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In fact, this argument can be used constructionally from the degeneracies. From the
notation of Theorem 1, the 2-fold degeneracies are seen to occur exactly when given
an 7, it turns out that n’ = —n also occurs (just at 6y = 0 or ). Letting ¢, be the

corresponding eigenvector to C as in Theorem 1, now normalized, define o, := ¢, E_',].
Then, when 6y = 0 or 7, the idempotent

Co,C = (Ce)(C e )T =0y,
Thus, witho := Zn oy, one has CoC = o, from which along with o2 = I, one finds
oCo =C 1.
Further, one then finds
0cAc =c(C+C Ho=C1+C=A4,

so that A & o commute (still exactly, when 6y = 0 or ). Evidently (j, k)-th entry of
o is

1 o .

L Ak i(nj—sj) ,i(nk+sk)

Ojk = E Cnj k= . E e e .
n n

Then,

1 Z ei(%o+2n£)(j+k)+i(sk—sj-)

i (Bo+sk—s
ojk = — i(Bo+sk—sj) O

= 8(j+k).ne
]

Basically, with only the pure rotational symmetries, the numerous double degener-

acies for the unphased case no longer occur.

4 Total energies

We focus on the chemical energies, £9(G) & eopt(G).

Theorem 4 Total chemical energies e9(Cp,) of a cycle Cy, as function of n &6y €
[0, ] are:
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4 cos (9‘)%) /sin (%), n=4m;
e0(Cy) = | 4cos (L) /sin (), n=dm+2> 6

4 cos (M) cos? (&) /sin (%), n=4m=*1.

The y(Cp) at —6y are the same as at +6y and as at 6y + 2.

Proof From Corollary 1.1, the eigenvalues are seen to change continuously as a func-
tion of 6y, with the overall eigenspectrum invariant under 6y — 6y £ 27k and 6) —
+6p. Sets of these eigenvalues with a given occupation number do not change so
long as 6 is retained in a suitable range. Indeed, we may choose such a suitable
range to be [0, /n], which is half the range whereafter the eigenspectrum “rotates”
(“reflects”) back into itself. For n = 4s or 4s + 2, the graph is bipartite, and the unph-
ased eigenvalues are symmetrically distributed about 0, with the case 4s + 2 having
no eigenvalues = 0, while 4s has a pair = 0. For the case n = 4s + 2, we then have
e(G) = > j 2 -2cos(fp + 21 j/n), whence the sum is over the eigenvalues with an

occupation number = 2, namely over j = —s to +s. As such, we obtain
+s +s
O + 2k . .
go(C = D T2 g f o100/ 2mki/n
0(Ca542) =2 z 2cos( - ) 25)1(6 Z e
k=—s k=—s
D O i
- e2mijn _ |

' 2 [eieo/n +e7i9/n:| _ 40.08(90/'1)’
sin(m/n) sin(m/n)

where 91(£) indicates the real part of £.
n

Next, for n = 4s, we take eigenstates j = —% — +7% + 1 to have occupation numbers
2, and all others = 0. Thence, we have

s—1 s—1
6o + 2k ) )
Ca5) =2 2 DT} — o9 i0/n 2mki/n
€0(Cas) E cos ( - ) (e Z ¢

k=—s k=—s
2wsi/n

) _ ,—2msi/n _
=20 e’e‘)/”e . ¢ = — 4 cos -7 .
emi/n _ 1 sin(rr/n) n

In a similar way, for n = 4s + 1, we obtain

+s—1
0o + 2k o + 2
£0(Cas41) =2 [ Z 2 cos (O_F—n)] +1-2cos (M)
n n

k=—s

s—1
. . 1 .
— 2% ifo/n 2rik/n = 2mis/n
|:e k_gise + 26
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r. 2ris/n _ ,—2mis/n 1 (1 1

_ o | ito/n [ € ¢ P Vi)

=20 | ( T + Sie ( ))i|
- . 37i/2 . —7i/2

P T i G i t L
L 2i sin(r/n) 2

=20

- v
6190/” (

_5 cos(n/2n)
- sm(n/n)
_4 cos(m/2n)

o

—Ti/n cos(mr /2n)

sin(mw/n)

=/2/n i sin (7 /2n)) efin/Zn)]

—i2n €08 (T /2n) sin (77 /2n)
e

)

sin (7 /n)

Op — /2

sin(sr/n)

=2 .4cos? (21) cos (
n

Lastly, for n = 45 — 1, we obtain

+s—1
£0(Cag—1) = 2[ >, 2cos(
k=1-s

190/11(

=20

=20

0s (90_71) —ZSin(
n

s—1
Z eka/n+ e—2ms/n
k=1—s

)

n

Oy — /2 Yz
—n )/sm (;)
O, 2wk By — 2
H_ﬂ)} 1 2cos (u)
n n

)

1

is/n —2mi(s—1)/n

—e

27r
l@o/n(

wi/2n
1

e2mi/n _ + E(_i)e

=2%

100/n (

cos(n/2n
sin(mw/n)

o () +n(

2 : i/2 :
—mi/2n _ l)e+m/ n B ieﬂi/Zn
2i sm(n/n) 2

90—7'[/2)

n

=200 (2 ) cos (2272) i ().

Hence, we arrive at the overall proof.

These results are size extensive in
Indeed, the leading asymptotic term is
ent lower order corrections ~ 1/n. Usi
expansions, we have

that, for large n, the ¢9(C,) each scale ~ n.
identical in each case (= 4n/m), but has differ-
ng (Maple-assisted) well-behaved Taylor series

Corollary 4.1 The asymptotic large-n form for these o(C,) are (for 6y € [0, 7]):
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[ 2
2 [(‘;—0 -1) - %} Liom™), n=4m

2
e0(Cr) = — = n[(%) ~ 1t om, n=d4m+2

2
pu [2 (9_0 — %) + %j| Lrom™), nisodd

M

In addition to &9(C,), one may also address the fully maximized energy €., (G):

Theorem 5 When n is even, the phased graph C,, has &,p; = €0 (&qopr = 0) regard-
less of 6g. When n is odd (with |0y < 1)

_17 |90| < % _ .
e TRV R
Eopt = €0 + 28in | =———| and qopr = Z
" —Llbol <3 n=4m—1
+1, 16l > F | ’

A charge qopr = 0 occurs for odd n at the boundaries when 0y = L /2.

Proof The problem is to determine which eigenvalues A ; are positive for given n as
0 ranges over representative values, say, from —m/2 to +m /2. The number #; of
such A > 0 will be fixed over continuous ranges of 6y, and the secondary problem
of determining the number #y of A = 0 is answered as happening at the boundaries
of 6y ranges where #_ changes. The #y > 0 boundary points for 6y are conventionally
identified by considering the condition under which an eigenvalue A; = 0, which

occurs when 2 cos w = 0. If we deal with angles in changes symmetric about 0,
then we let —n/2 < j < n/2and —m < 6y < +m, so the A = 0 condition occurs
when W = :I:% asis equivalent to 6y = 2w (—j £n/4). That s, to obtain 6y (such
that A; = 0) for — < 6y < m, one needs j to be near n/4 — namely, j = F(n/4]
or j = F[n/4]. It thus becomes convenient to consider different cases depending on
how close n comes to being divisible by 4.

For n = 4m, the situation is particularly simple, as then the 6y value giving A; =0
(and #y > 0) is just o = 0, whence j = £m and #y = 2 & #, = 5 — 1. For values
of o with 0 < 6y < 7, #y = 0 & #, = n/2. Thence, for all values of 6y, gop: = 0 &
eopt = &0.

For n = 4m + 2, the 69 values giving A; = 0 (and #y > 0) occur when j = £m,
which in turn gives 6p = %7. Again we obtain g,p; = 0 & &,,; = &o for all values of
6p.

Forn = 4m + 1, the 6 values giving #y > 0 occur when j = +m and 6y = Fr /2.
Then, for —/2 < 0y < +7/2,#y =m + 1, gopr = +1, and &op; = €0 + Arni1)-
For 6y > w/2 or 0y < —m/2, we have #1 = m, qopr = —1, and gop; = €0 — Atp.

For n = 4m — 1, the 6y values giving #y = Fm/2 occur when j = Fm and
0o = Fr/2. For —mw /2 < Oy < /2, #y =m, gops = —1, and &,p; = €0 + Axp,. For
Op>m/2or6y < —m/2,#L =m — 1, Gopt = +1, and Eopt = €0 — At(n—1)-

The even-n result of the theorem is established with the first & second of these
cases. Each of the odd-n cases breaks up into 2 subcases where the correction of
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gopt 10 &o involves an eigenvalue A; which is given in Theorems 1 and 2, but the
cosine corresponding to A ; has an argument near 7, so that it is illuminating to rewrite

cos (% — §) as +sin 8 = sin|8|. Here, § = + (L‘G"‘) when 7 is odd. -

These energies also have the same leading asymptotic for as one another, and &.
We find

Corollary 5.1 The asymptotic large-n form for these &,p;(Cy,) are (for odd n):

4n 6o 1\ 1 g 1 _ .
8op,—;x27'r [(?_5) +6+‘5—|90|ﬂ;+0(n 3, nisodd.

Another total energy emam(G) is the sum of absolute values of eigenvalues of A(G)
[8—10]. It turns out that emam(Cr) = €ops(Cy), but this is a special case of a much
more general result, as proven in [1].

5 Comments relating to Aihara’s resonance energy

Aihara suggested [11-14] a topological resonance energy (TRE) based on taking a
difference of £9(G) from a suitable reference energy erer(G). This e (G) is a sum
over the largest roots of a “circuitless” polynomial «(G; x) with occupation numbers
for corresponding roots exactly matching those for £9(G). This «(G; x) is taken to be
the so-called matching polynomial [15] which involves summation over contributions
from permutations as for the characteristic polynomial, but excluding cycles (other
than 1- and 2-cycles). That is,

TRE(G) := > mi[1(G) — 1 (G)], )
k

where the nj are orbital occupation numbers, the A;(G; x) are the adjacency-matrix
eigenvalues, and the ux (G) are (the ordered) roots to

G
a(G; x) = Z(_l)zzz(P)xnl(P)’ 3)
T

where the sum is over permutations P consisting solely of 1- and 2-cycles on edges of
G, and n.(P) denotes the number of c-cycles in P. The usual characteristic polynomial
is

J#Ti
$(Gix) = detxl —A) = > (=) | [T ajp; |2 @
PesS, j

where I is a unit diagonal matrix, the sum is over all permutations P of the symmetric
group Sy, Pj is the image of j under P, aj y is the (j, k)-th (phased) entry of A, and
ne(P) is the number of even cycles in P.
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Lemma 6 For a phased cycle C,,
¢ (Cp; x) = a(Cp; x) — 2cosbp. (3)

Proof By definitions (3) and (4), the expansion of ¢ (C,; x) in powers of x entirely
includes a similar expansion of & (Cy,; x) and one additional term corresponding to the
weight for the cyclic permutation of C,. Of course, the cycling permutation may go
in either direction around the graph cycle, whence their net weight in the brackets in
4)is

n n n n
Haj,jﬂ + Hajﬂ,j = He’g-’?-’*' + H em 00t = 1% 4 1% = 2 cos 6.
j=1 j=1 j=1 j=1

The sign with which this weight is included in (5) is (—1)" x (=1)""%() = _1. 0

Here, we note that the sign for 2 cos 0y exactly obeys the famous Sachs method
[16], in which undirected cycles of all lengths invariably have the same weight —2 in
the expansion of the characteristic polynomial ¢ (Cy,; x) := det(xI — A).

Aihara’s resonance energy was defined with respect to a reference polynomial,
but in general a reference system might be desired. Our Lemma 6 accords with
Aihara’s observation [19] that at least for a single cycle we have a reference system
(at by = m/2).

6 Conclusion

The circumstance of a phased cycle graph is here fairly thoroughly treated. The
eigenproblem is solved, symmetries are identified, various net energies are devel-
oped, and a reference system for Aihara’s topological resonance energy is noted. The
eigenspectrum for the phased case is evidently intimately related to that of the unph-
ased case, as is pictorially evident from Corollary 1.1 generalizing the Frost-Musulin
[5] diagrammatics. The cyclic part of the symmetry of the unphased cycle is preserved
regardless of the pattern of phasing, and the involutory symmetries are typically ab-
sent. A reference system for Aihara’s topological resonance energy has been identified
in the cyclic case.

Notably, the so-called “extended” Hiickel-Mobius rule (eg., as advocated by
Zimmermann [17,18]) accounting for the consequences of the “Mobius” sign effect
is now even further extended to deal with general net phases. When the numbers of
sites & electrons match: If the net phase 6y = 0,n = 4m + 2 is favored, then, if
0 = m, then n = 4m is favored; and if intermediate phasing with 6y = 7 /2, occurs,
then n = 4m 4= 1 is favored. Net 7 -network charges g, other than 0, are favored for
odd n, in accordance with Theorem 5.

Acknowledgments The authors acknowledge the support of the Welch Foundation of Houston, Texas
(via grant BD-0894).

@ Springer



J Math Chem (2011) 49:1245-1255 1255

References

—_

. D.J. Klein, V.R. Rosenfeld, Phased graphs and graph energies. J. Math. Chem., accepted

2. PJ. Davis, Circulant Matrices (Wiley, New York, 1971)

o0

10.

12.
13.
14.
15.

17.

18.
19.

. E. Hiickel, Quantentheoretische Beitridge zum Benzolproblem. III, Quantentheoretische Beitrdge zum

problem der aromatschen ungesittigten verbindungen. Zeit. fiir Physik. 76, 628—648 (1932)

. E. Heilbronner, Hiickel molecular orbitals of Mobius-type conformations of annulenes. Tetrahedron

Lett. 29, 1923-1928 (1964)

. A.A. Frost, B.J. Musulin, Mnemonic device for molecular-orbital energies. J. Chem. Phys. 21,

572-573 (1953)

. H.E. Zimmermann, On molecular orbital correlation diagrams, the occurrence of Mobius systems

in cyclization reactions, and factors controlling ground and excited state reactions.I. J. Am. Chem.
Soc. 88, 1564-1565 (1966)

. M. Hamermesh, Group Theory and its Application to Physical problems, Addison-Wesley, Reading,

Massachusetts, 1962, 1964; Dover, New York (1989)

. L. Gutman, The energy of a graph. Ber. Math.-Stat. Sekt. Forschungszent. Graz 103, 1-22 (1978)
. S.-L. Lee, R.R. Lucchese, S.Y. Chu, Topological analysis of eigenvectors of the adjacent matrices in

graph theory: the concept of internal connectivity. Chem. Phys. Lett. 137, 279-284 (1987)
S.-L. Lee, R.R. Lucchese, S.Y. Chu, Net signs and eigenvalues of molecular graphs: some analo-
gies. Chem. Phys. Lett. 191, 87-91 (1992)

. J. Aihara, Topological resonance energy, bond resonance energy, and circuit resonance energy. J. Am.

Chem. Soc. 98, 2750-2758 (1976)

J. Aihara, J. Org. Chem. 41, 2488-2490 (1976)

J. Aihara, J. Am. Chem. Soc. 99, 2048 (1977)

J. Aihara, Bull. Chem. Soc. Japan 50, 2010 (1977)

I. Gutman, N. Trinajsti¢, Graph theory and molecular orbitals, XIV. On topological definition of
resonance energy. Acta Chimica Acad. Sci. Hung. 91, 203-209 (1976)

D.M. Cvetkovié¢, M. Doob, H. Sachs, Spectra of Graphs: Theory and Application (Academic Press, New
York, 1980)

H.E. Zimmermann, The Mo6bius-Hiickel concept in organic chemistry, application to organic molecules
and reactions. Acc. Chem. Res. 4, 272-280 (1971)

H.E. Zimmermann, Quantum Mechanics for Organic Chemists (Academic Press, New York, 1975)
J. Aihara, Matrix representation of an olefinic reference structure for monocyclic conjugated hydro-
carbons. Bull. Chem. Soc. Japan 52, 1529-1530 (1972)

@ Springer



	Phased cycles
	Abstract
	1 Introduction
	2 Eigensolution
	3 Symmetry
	4 Total energies
	5 Comments relating to Aihara's resonance energy
	6 Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


