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Abstract We have established that the most general form of Hamiltonian that preserves
fermionic coherent states stable in time, is that of the nonstationary free fermionic oscillator.
This is to be compared with the earlier result of boson coherence Hamiltonian, which is of
the more general form of the nonstationary forced bosonic oscillator. If however one admits
Grassmann variables as Hamiltonian parameters then the coherence Hamiltonian takes again
the form of (Grassmannian fermionic) forced oscillator.

Keywords Coherent states · Coherence Hamiltonians · Fermion oscillators · Grassmann
variables

1 Introduction

The time evolution of coherent states (CS) has attracted a great deal of attention since the
introduction of Glauber CS of the harmonic oscillator [9–11]. These CS can be defined as
eigenstates of the photon (boson) annihilation operator a. They form an overcomlete set,
providing a very useful continuous representation in the Hilbert space of states (for details
see e.g. [18] and references therein). Of particular interest has been the determination of the
general form of Hamiltonian for which an initial CS remains coherent under time evolution.
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It was established that this general form is that of the nonstationary (boson) forced oscillator
Hamiltonian [12, 26, 27]

Hcs = ω(t)a†a + f (t)a† + f ∗(t)a + g(t), (1)

where ω(t) and g(t) are arbitrary time-dependent real functions, and f (t) is arbitrary time-
dependent complex function. The time evolution |z; t〉 of an initial CS |z〉, z ∈ C, governed
by the Hamiltonian (1) remains, for all later times, eigenstate of the photon annihilation oper-
ator a. This eigenvalue property of Glauber CS allows easy calculation of means of normally
ordered operators, in particular of the photon (boson) number operator. The Hamiltonian (1)
will be referred to as boson canonical coherence preserving Hamiltonian, or shortly boson
coherence Hamiltonian. Coherence Hamiltonians for SU(2) and SU(1,1) group related CS
are found in [6, 8].

CS for fermion systems are defined in analogy to the canonical boson CS [1, 3, 14, 15,
17–21]. The overcompleteness property of the set of fermion annihilation operator eigen-
states has been proved in [14, 15] using the Berezin integration rules for Grassmann vari-
ables. Extension of canonical CS to the case of pseudo-Hermitian fermions was performed
in [4].

Eigenstates of fermion annihilation operators have been previously considered by
Schwinger [28] and Martin [25] who noted that, since fermion ladder operators anticom-
mute their eigenvalues are not ordinary numbers (they are Grassmann variables instead).
Nevertheless many of the mathematical properties of Glauber CS and related methods of
analysis of statistical properties of boson fields have their formal counterparts for Fermi
fields [3]. However, the important problem of coherence preserving fermionic Hamiltonians
was so far not considered in the literature. And our purpose in the present article is to estab-
lish the most general form of Hamiltonians, which preserve the fermionic CS stable under
the time evolution.

The organization of the article is as follows. We start with a brief review in Sect. 2 of time
evolution and temporal stability of canonical boson CS. In Sect. 3 we study the temporal
stability of fermionic CS and we show, by using the fermionic analog of the invariant boson
ladder operator method [13, 22–24, 29] that the most general form of Hamiltonian that
preserves fermionic CS stable in time is in the form of free (nonforced) fermionic oscillator.
In the last section we consider the evolution of fermion CS governed by the Grassmannian
Hamiltonians and show that the Grassmannian forced fermionic oscillator also preserves the
temporal stability of CS. The paper ends with concluding remarks.

2 Canonical Boson CS and Their Temporal Stability

The standard boson CS (called also Glauber CS, or canonical CS) are defined as the right
eigenstates of the boson (photon) annihilation operator a [9–11]

a|z〉 = z|z〉, (2)

the eigenvalue z being a complex number. The annihilation and creation operators a and a†

satisfy the boson commutation relations [a, a†] = aa† − a†a = 1. The normalized CS |z〉
can be constructed in the from of displaced ground state |0〉 [9–11],

|z〉 = D(z)|0〉, D(z) = eza†−z∗a, (3)
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and their expansion in terms of the number states |n〉 reads

|z〉 = e− |z|2
2

∞∑

n=0

zn

√
n! |n〉. (4)

The problem of temporal stability of canonical boson CS is solved by Glauber [12] and
Mehta and Sudarshan [26] (in the case of one mode CS, and for n-mode CS—by Mehta
et al. [27]). The result is that the most general Hamiltonian that preserves an initial CS |z〉
stable in later time is of the form of the nonstationary forced oscillator Hamiltonian Hcs, (1).
The Hamiltonian (1) that preserves CS (16) stable is shortly called coherence Hamiltonian.
Thus the boson coherence Hamiltonian takes the form of a non-stationary forced oscillator
Hamiltonian. Here “stable” means that the time evolved state |z; t〉, i�∂t |z; t〉 = Hcs|z; t〉,
remains eigenstate of a, possibly with a time-dependent eigenvalue z(t),

a|z; t〉 = z(t)|z; t〉. (5)

From the latter equation one deduces that, up to a time-dependent phase factor exp(iϕ(t)),
the time-evolved CS |z; t〉 depends on time t through z(t), that is

|z; t〉 = eiϕ(t)|z(t)〉, |z(t)〉 = ea†z(t)−z∗(t)a|0〉. (6)

One says that for boson system with Hamiltonian (1) an initial canonical CS remains CS all
the later time [12, 26] (or remains temporally stable). For the Hamiltonian system (1) the
time dependent eigenvalue value z(t) obeys the equation [12, 26]

iż = ω(t)z + f (t) (7)

the solution of which takes the explicit form (z = z(0))

z(t) = β̃(t)z + γ̃ (t), β̃(t) = e−i
∫ t

0 ω(t ′)dt ′ , (8)

γ̃ (t) = −i

(∫ t

0
ei

∫ t ′
0 ω(τ)dτ f (t ′)dt ′

)
e−i

∫ t
0 ω(t ′)dt ′ . (9)

In the particular case of constant ω we have

z(t) = e−iωt

(
z − i

∫ t

0
eiωt ′f (t ′)dt ′

)
. (10)

The forced oscillator system (1) admits [29] linear and analytic in terms of a invariant
boson annihilation operatorAc(t),

Ac(t) = β(t)a + γ (t) = Ucs(t)aU †
cs(t), (11)

where Ucs(t) is the unitary evolution operator, corresponding to (1), and

β(t) = ei
∫ t

0 ω(t ′)dt ′ = β̃−1(t),

γ (t) = i

∫ t

0
f (t ′)ei

∫ t ′
0 ω(τ)dτ dt ′ = −γ̃ (t).

(12)
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For any system (with evolution operator U(t)) the time-evolved CS |z; t〉 are eigenstates of
the corresponding invariant annihilation operator A(t) = U(t)aU †(t) with constant eigen-
values z, A(t)|z; t〉 = z|z; t〉, and can be represented in the form of invariantly displaced
time-evolved ground state |0; t〉 = U(t)|0〉 [13, 22–24, 29],

|z; t〉 = D(z,A(t))|0; t〉, D(z,A(t)) = eA†(t)z−z∗A(t). (13)

If A(t) is invariant then A†(t) also is, and any other combination of them is also invariant.
In particular A†(t)A(t) and D(z,A(t)) are also invariant operators of the forced oscilla-
tor (1). Invariant operators are very useful, since they transform solutions into solutions, as
demonstrated in (13).

The invariant boson ladder operator (11) is a simple particular case of linear invariants
of general quadratic quantum system, constructed first in [13, 22–24]. For the nonstationary
quantum oscillator Hermitian quadratic in a and a† invariant was constructed and studied
by Lewis and Riesenfeld [16]. Using these properties of the invariants it was shown [29]
that a given Hamiltonian H preserves the temporal stability of CS |z〉 if and only if it admits
invariant of the form Ac = β(t)a + γ (t). The general form of such Hamiltonian coincides
with Glauber-Mehta-Sudarshan coherence Hamiltonian (1).

3 Temporal Stability of Canonical Fermion CS

Fermion coherent states (CS) are defined (see [1, 3, 14, 15, 17–21]) as eigenstates of the
fermion annihilation operator b,

b|ζ 〉 = ζ |ζ 〉, (14)

where the eigenvalue ζ is a Grassmann variable: ζ 2 = 0, ζ ζ ∗ + ζ ∗ζ = 0. Recall the fermion
algebra:

{b, b†} ≡ bb† + b†b = 1, b2 = b†2 = 0. (15)

For definiteness eigenstates of fermion ladder operator b should be called canonical
fermion CS. This is in analogy to the eigenstates of boson annihilation operator a, which
are known as Glauber CS, and canonical boson CS as well. In terms of the Grassmannian
eigenvalues ζ many of the properties of |ζ 〉 repeat the corresponding ones of the bosonic CS
|z〉 [3]. In particular one has

|ζ 〉 = D(ζ)|0〉 = e− 1
2 ζ∗ζ (|0〉 − ζ |1〉), (16)

∫
dζ ∗dζ |ζ 〉〈ζ | = 1, (17)

where D(ζ) = exp(b†ζ − ζ ∗b), |0〉 is the fermionic vacuum, b|0〉 = 0, and |1〉 is the one-
fermion state, |1〉 = b†|0〉. The integrations over ζ and ζ ∗ are performed according to the
Berezin rules (see e.g. [3])

∫
dζ ∗dζζζ ∗ = 1,

∫
dζ ∗dζζ =

∫
dζ ∗dζζ ∗ =

∫
dζ ∗dζ1 = 0. (18)

The temporal stability of the canonical fermion CS is defined in analogy to the temporal
stability of canonical boson CS: the evolution of an initial |ζ 〉 is stable if the time-evolved
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state |ζ ; t〉 = U(t)|ζ 〉 (U(t) being the evolution operator of the system) remains eigenstate
of b in all later time,

b|ζ ; t〉 = ζ(t)|ζ ; t〉. (19)

It is clear that the time-evolved states |ζ ; t〉 also obey the overcompleteness relation (17)
and are eigenstates of the invariant ladder operator B(t) = U(t)bU †(t).

To find the fermion coherence Hamiltonian we first note that the ladder operator invariant
B(t) and fermion annihilation operator b should commute since they are supposed to have
simultaneously an overcomplete set of eigenstates (we suppose that ζ(t) and ζ commute).
Second, we note that, due to the nilpotency of b and b†, the general form of a fermionic
operator is a (complex) linear combination of b, b† and b†b. Such a combination will com-
mute with b under certain simple restrictions. Taking then into account that the invariants
B(t) and B†(t) have to obey the fermion algebra (15) we derive that [b,B(t)] = 0 if and
only if B(t) is proportional to b, B(t) = β ′(t)b. Thus the fermion coherence Hamiltonian
should admit dynamical invariant of the form (invariants of other forms for fermion systems
have been considered by Dodonov and Man’ko [7], Abe [2], and Cherbal et al. [5])

Bc(t) = β ′(t)b, (20)

where β ′(t) = exp(iϕ(t)), the phase ϕ(t) being arbitrary function of time. As we have al-
ready noted at the end of the preceding section, similar form of the ladder operator invari-
ant Ac, (11), is required in the case of boson systems [29]. To obtain now the general fermion
coherence Hamiltonian Hfc we apply the defining requirement for quantum time-dependent
invariants B(t),

∂

∂t
B(t) − i[B(t),H ] = 0, (21)

to the operator (20). The general form of fermionic (one-mode) Hamiltonian Hf is a Her-
mitian linear combination of b, b† and b†b,

Hf = ω′(t)b†b + f ′(t)b† + f ′∗(t)b + g′(t), (22)

where ω′(t) and g′(t) are real functions of time. The substitution of this Hf into (21) for
Bc(t) produces the two conditions

β̇ ′ = iβ ′ω′, 0 = β ′f ′. (23)

These simple conditions are readily solved,

f ′(t) = 0, β ′(t) = exp

(
i

∫ t

0
ω′(τ )dτ

)
,

leading to the Hamiltonian

Hfc = ω′(t)b†b + g′(t), (24)

which is the most general form of fermion coherence Hamiltonian.
Next we find the expression of the eigenvalue ζ(t) of b (b|ζ ; t〉 = ζ(t)|ζ ; t〉) in terms

of the parameter functions ω′(t), g′(t) in Hfc. In this aim we note that if the evolution of
an initial CS |ζ 〉 is governed by Hfc one can represent the corresponding time-evolved state
|z; t〉c in a form similar to (13),

|ζ ; t〉c = D(ζ,Bc(t))|0; t〉 = eiϕ(t)|ζ(t)〉. (25)
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Then we apply b, b = β ′−1
Bc(t), to |ζ ; t〉, using the fermion algebra for Bc and B†

c and
the relation Bc|0; t〉 = 0. In this way we arrive to the following simple expression for the
eigenvalue ζ(t),

ζ(t) = β ′−1
(t)ζ = e−i

∫ t
0 ω′(τ )dτ ζ. (26)

The results (24) and (26) are similar in form, but not identical, to those for the boson systems
(1) and (8). The fermion coherence Hamiltonian (24) is of the form of a nonforced oscil-
lator with time dependent frequency (nonstationary fermion oscillator), while the boson
coherence Hamiltonian (1) is of the more general form of the nonstationary forced oscilla-
tor.

The exact evolution of fermion CS |ζ ; t〉, governed by the more general nonstationary
forced oscillator Hamiltonian Hf is constructed, using the dynamical invariant ladder oper-
ator method [13, 16, 22–24], in [5],

|ζ ; t〉 = exp[B†(t)ζ − ζ ∗B(t)]|0; t〉, (27)

where B(t) is the invariant fermion annihilation operator for Hf, and |0; t〉 is the time-
evolved ground state, B(t)|0; t〉 = 0. The invariant B(t) is found in the form

B(t) = ν−(t)b + ν+(t)b† + ν3(t)

(
b†b − 1

2

)
, (28)

where ν±(t), ν3(t) are solutions to the auxiliary system of equations

ν̇3 = 2i(ν+f ′∗ − ν−f ′), (29)

ν̇+ = i(ν3f
′ − ν+ω′), (30)

ν̇− = i(ν−ω′ − ν3f
′∗), (31)

subjected to the initial conditions ν−(0) = 1, ν+(0) = 0, ν3(0) = 0. One readily sees that
this invariant will be proportional to b (as required by the coherence preserving condition
[b,B(t)] = 0) iff ν3(t) = 0 = ν+(t). And (29)–(31) show that this is possible if f ′ = 0, i.e.
if Hf takes the previously obtained form of fermion coherence Hamiltonian Hfc (24).

4 Grassmannian Coherence Hamiltonians

The concepts of stable time evolution of fermion CS leads in a natural way to the Grass-
mannian Hamiltonian operators of the form

Hgf(t) = ω(t)b†b + η(t)b† − η∗(t)b + δ(t), (32)

where ω(t) and δ(t) are arbitrary time-dependent real functions and η(t) is a Grassmann
variable: ηη∗ = −η∗η, η2 = 0. This is a Grassmannian generalization of the fermion forced
oscillator, whose dynamical invariants and CS have been studied in Ref. [5]. Here we are
going to show that this extension of fermion oscillator preserves the temporal stability of
fermion CS. In this aim we first note that if the time evolution |ζ ; t〉 of an initial (at t = 0)
state |ζ 〉 is temporally stable, then it should have the form (see (25)),

|ζ ; t〉 = eiϕ(t)|ζ(t)〉 ≡ |ζ ; t〉c, (33)
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where ζ(0) = ζ , and ϕ(t) is a real phase. In particular, the evolution |0; t〉 of the ground
state |0〉 is stable if

|0; t〉 = eiθ(t)|0〉. (34)

It can be readily seen that the time-stable ground state obeys the Schrödinger equation (SE)

i∂t |0; t〉 = H0(t)|0; t〉 (35)

with Hamiltonian

H0(t) = ω(t)b†b + β(t), (36)

where ω(t) is arbitrary real, and β(t) = θ̇ (t). We say that the Hamiltonian H0(t) (with
arbitrary real ω(t), β(t)) preserves the fermion ground state stable. It is not difficult to
prove that this is the most general form of Hamiltonians that preserve the stability of the
ground state.

Next we recall the well known result that if |ψ0〉 obeys the SE with H0 then the unitarily
transformed state |ψ1〉 = U |ψ0〉 obeys the SE with Hamiltonian UH0H

† − iU∂tU
†. This

means that the temporally stable CS exp(iϕ(t))|ζ(t)〉 satisfies the SE with Hamiltonian

Hgf(t) = D(ζ(t), b)H0(t)D
†(ζ(t), b) − iD(ζ(t), b)

∂

∂t
D†(ζ(t), b) (37)

where D(ζ(t), b) = exp(b†ζ(t)− ζ ∗(t)b). Using the properties of the displacement operator
(recalling that bζ = −ζb, bζ ∗ = −ζ ∗b [3]),

D(ζ, b)bD†(ζ, b) = b − ζ, D†(ζ, b)bD(ζ, b) = b + ζ,

we find

DH0D
† = ω(t)(b† − ζ ∗)(b − ζ ) + β(t), (38)

D
∂

∂t
D† = ζ̇ ∗b + ζ̇ b† + 1

2
(ζ ∗ζ̇ − ζ̇ ∗ζ ), (39)

and

Hgf(t) = ωb†b + (ωζ − iζ̇ )b† − (ωζ ∗ + iζ̇ ∗)b

+ β + ωζ ∗ζ − i

2
(ζ ∗ζ̇ − ζ̇ ∗ζ ). (40)

By identification of the two expressions of Hgf(t) given respectively in (32) and (40), one
obtains the relations between the corresponding parameter functions:

η = ωζ − iζ̇ , (41)

δ(t) = β + ωζ ∗ζ − i

2
(ζ ∗ζ̇ − ζ̇ ∗ζ ). (42)

The above equations shows that if there is a set of eigenstates |ζ ; t〉 of b with eigen-
values ζ(t), ζ(0) = ζ , and the ground state obeys SE with H0, (36), then |ζ ; t〉 obeys the
SE with Hgf, i.e. the time evolution of initial |ζ 〉 governed by Hgf is temporally stable. The



Int J Theor Phys (2010) 49: 1324–1332 1331

Grassmannian coefficients η(t), δ(t) are determined by the given ζ(t) according to (41) and
(42), ω(t) and β(t) being arbitrary real.

And the inverse is also true: the Grassmannian Hamiltonian Hgf, (32), preserves the tem-
poral stability of eigenstates |ζ 〉 of b (that is fermion CS), the eigenvalues ζ(t) being deter-
mined by the “classical equation” (following from (41))

iζ̇ = ωζ − η. (43)

The stable time evolved CS is exp(iϕ(t))D(ζ(t), b)|0〉, the phase ϕ(t) being determined by
the equation (following from (36), (42) and (41))

ϕ̇ = δ − 1

2
(ζ ∗η + η∗ζ ). (44)

Note that in derivation of (43), (44) we have presupposed that the Grassmann variables η

and ζ anticommute.
Thus the Grassmannian fermionic forced oscillator, (32), is fermion coherence Hamil-

tonian, too. There is only one possibility to restrict oneself with ordinary fermion coherence
Hamiltonian, i.e. with ordinary complex coefficient η and real δ in (32): this is, as it follows
from (41) and (42), to put η = 0. Then one returns to Hfc (24).

5 Concluding Remarks

In this article, we have extended the earlier results of the boson canonical coherence Hamil-
tonian [12, 26] and boson invariant ladder operators [29] to the fermion coherence Hamil-
tonian and fermion invariant ladder operators. The fermion coherence Hamiltonian is ob-
tained in the form of nonstationary nonforced oscillator. As an expression in terms of the
ladder operators, this form is more restricted than the corresponding expression of the boson
coherence Hamiltonian, which is of the form of nonstationary forced oscillator. This more
particular form is mainly due to the nilpotency of the fermionic annihilation and creation
operators. The nilpotent property, and the related anticommutaion relations, of fermion lad-
der operators lead to the very simple form of the general (one mode) fermion Hamiltonian,
namely to the form of forced fermionic oscillator, which is a general element of the simple
algebra of SU(2). Accordingly, the fermion coherence Hamiltonian is a particular element
of su(2) algebra; it is proportional (up to an additive C-number term) to the third genera-
tor of SU(2). The symmetry of the bosonic coherence Hamiltonian is quite different; it is a
general element of the nonsimple oscillator algebra.

We have finally shown that the parallel between the boson coherence Hamiltonian and the
fermion coherence Hamiltonian can be formally restored if one admits Grassmann variables
as Hamiltonian parameters: then the fermion coherence Hamiltonian takes again the form
of (Grassmannian) forced oscillator.

References

1. Abe, S.: Phys. Rev. D 39, 2327 (1989)
2. Abe, S.: Phys. Lett. A 181, 359 (1993)
3. Cahill, K.E., Glauber, R.J.: Phys. Rev. A 59, 1538 (1999)
4. Cherbal, O., Drir, M., Maamache, M., Trifonov, D.A.: J. Phys. A 40, 1835 (2007)
5. Cherbal, O., Drir, M., Maamache, M., Trifonov, D.A.: Phys. Lett. A 374, 535 (2010)



1332 Int J Theor Phys (2010) 49: 1324–1332

6. Dattoli, G., Orsitto, F., Torre, A.: Phys. Rev. A 34, 2466 (1986)
7. Dodonov, V.V., Man’ko, V.I.: Proceedings of Lebedev Physics Institute, vol. 176, p. 197. Nova Science,

Commack (1988) (supplemental)
8. Gerry, C.C.: Phys. Rev. A 31, 2721 (1985)
9. Glauber, R.J.: Phys. Rev. Lett 10, 84 (1963)

10. Glauber, R.J.: Phys. Rev. 130, 2529 (1963)
11. Glauber, R.J.: Phys. Rev. 131, 2766 (1963)
12. Glauber, R.J.: Phys. Lett. 21, 650 (1966)
13. Holz, A.: N. Cimento Lett. 4, 1319 (1970)
14. Imada, M., Fujimori, A., Tokura, Y.: Rev. Mod. Phys. 70, 1039 (1998)
15. Junker, G., Klauder, J.R.: Eur. Phys. J. C 4, 173 (1998)
16. Lewis, H.R., Riesenfeld, W.B.: J. Math. Phys. 10, 1458 (1969)
17. Klauder, J.R.: Ann. Phys. (NY) 11, 123 (1960)
18. Klauder, J.R., Skagerstam, B.-S.: Coherent States. World Scientific, Singapore (1985)
19. Ohnuki, Y., Kashiwa, T.: Prog. Theor. Phys. 60, 548 (1978)
20. Maamache, M., Cherbal, O.: Eur. Phys. J. D 6, 145 (1999)
21. Maamache, M., Provost, J.P., Vallée, G.: Phys. Rev. D 46, 873 (1992)
22. Malkin, I.A., Man’ko, V.I., Trifonov, D.A.: Phys. Rev. D 2, 1371 (1970)
23. Malkin, I.A., Man’ko, V.I., Trifonov, D.A.: N. Cimento A 4, 773 (1971)
24. Malkin, I.A., Man’ko, V.I., Trifonov, D.A.: J. Math. Phys. 14, 576 (1973)
25. Martin, J.L.: Proc. Roy. Soc. London A 251, 543 (1959)
26. Mehta, C.L., Sudarshan, E.C.G.: Phys. Lett. 22, 574 (1966)
27. Mehta, C.L., Chand, P., Sudarshan, E.C.G., Vedam, R.: Phys. Rev. 157, 1198 (1967)
28. Schwinger, J.: Phys. Rev. 92, 1283 (1953)
29. Trifonov, D.A.: Bulg. J. Phys. 2, 303 (1975). Preprint ICTP IC/75/2 (1975). The expressions of fluctua-

tions σ 2
q and σ 2

p ((18), (15)) should be interchanged


	Fermion Coherence Hamiltonians
	Abstract
	Introduction
	Canonical Boson CS and Their Temporal Stability
	Temporal Stability of Canonical Fermion CS
	Grassmannian Coherence Hamiltonians
	Concluding Remarks
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


