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Abstract The Hawking radiation from charged Kerr black hole via the method beyond
semi-classical approximation is studied. In our work, we apply the WKB approximation
method and the quantum tunneling method, then calculate the tunneling rate and further
correct Hawking entropy to charged Kerr black hole. It is shown that the result is still in
agreement with the unitary theory, the entropy of the black hole contains three parts: the
usual Bekenstein-Hawking entropy, the logarithmic term and the inverse area term. Apart
from coefficients, our correction to the charged Kerr black hole entropy is consistent with
results of loop quantum gravity.
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1 Introduction

Black hole, is one of objects in universe, although it isn’t proved directly nowadays, it exists
truly. So it is very interesting to investigate the black hole. Since 1974, Hawking has made
a remarkable discovery that a black hole can radiate thermally. Hawking radiation has at-
tracted many people’s attention and many methods have been brought forward to derive it
[1–17]. Above all, the most simpliest method is the semi-classical quantum approach mod-
eling Hawking radiation as tunneling effect, which was proposed by Kraus and Wilczek, and
was also developed by a lot of researchers [13–26]; and on basis of them, Ryan Kerner and
R.B. Mann et al. proposed Hawking radiation from black hole beyond semi-classical ap-
proximation, making the method further investigated and developed. Hawking radiation is
radial result from quantum effect of black hole, we can obtain black hole tunneling rate and
Hawking temperature. After this method succeeded, many people also probed tunneling rate
and Hawking temperature of black holes. Ryan Kerner and R.B. Mann investigated fermi-
ons tunneling of rotating and charged Kerr-Newman black hole Hawking radiation; Chen
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et al probed tunneling radiation of charged dilatonic black hole at de Sitter horizon; Zhang
studied spherically symmetric black hole quantum tunneling and black entropy correction;
Li et al. discussed tunneling radiation from BTZ black hole and Kerr black hole; Jiang et al
researched on fermions tunneling from 5-dimensional black hole.

These results above help to develop black hole physics. However, in these researches,
they omitted charged Kerr black hole quantum tunneling and its entropy correction. Because
many tunneling theories based on semi-classical approximation, what people can obtain
is just approximate conclusions, the effect of some terms which have � as multiplicator
has been ignored in solving the Hamilton-Jacobi equation. In order to solve this problem,
Banerjee and Majhi put forward a new method to research the black hole tunneling radiation
beyond the semi-classical approximation in 2008, they finally obtained corrected Hawking
temperature and corrected black hole entropy. Zhang obtained corrected black hole entropy
using quantum tunneling method; Lin et al investigated fermions tunneling from charged
static Reissner-Nordstrom, then got corrected Hawking temperature and corrected black
hole entropy, and they further developed Banerjee and Majhi’s theory; However, in these
researches, they pay little attention to corrected entropy problem about charged Kerr black
hole. In our work, we further study charged Kerr black hole, and obtain corrected entropy of
charged Kerr black hole. In other words, we investigate axial symmetric charged Kerr black
hole tunneling beyond semi-classical approximation, and we finally obtain tunneling rate
and corrected entropy of charged Kerr black hole. This work makes the theory about black
hole more complete and more harmonious.

2 Charged Kerr Black Hole Tunneling and Corrected Entropy

Charged Kerr black hole metric in Boyer-Lindquist coordinate system can be expressed
as [3]:

ds2 = dt̄2 − 2Mr − Q2

�

(
dt̄ − a sin2 θdφ̄

)2 − �

�
dr2 − �dθ2 − (

r2 + a2
)

sin2 θdφ̄2 (1)

where � = r2 + a2 cos2 θ , � = r2 + a2 + Q2 − 2Mr .
The specific angular momentum a = J/M is kept as a constant through this paper. Via

Painleve-type coordinate transformation and dragging coordinate transformation, we can
obtained the desired 3-dimensional dragged Painleve-Kerr-Newman metric as follows.

A generalized Painleve-type coordinate transformation:

dt̄ = dt −
√

(2Mr − Q2)(r2 + a2)

�
dr (2)

dφ̄ = dφ − a

�

√
2Mr − Q2

r2 + a2
dr (3)

The dragging coordinate transformation:

dφ = a(r2 + a2 − �)

(r2 + a2)2 − �a2 sin2 θ
dt (4)
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According to (1)–(4), we can obtained the desired 3-dimensional dragged Painleve-Kerr-
Newman metric as follows:

dŝ2 = ��

(r2 + a2)2 − �a2 sin2 θ
dt2 − �

r2 + a2
dr2

− 2

√
(2Mr − Q2)(r2 + a2)�

(r2 + a2)2 − �a2 sin2 θ
dtdr − �dθ2 (5)

According to de Broglie’s hypothesis and the definition of the phase (group) velocity, the
outgoing particle that can be considered as a massive shell corresponding to a kind of ‘s-
wave’.

After coordinate transformation, we finally obtain charged geodesic in the radial direc-
tion [3]:

.
r = dr

dt
= − gtt

2gtr

= �

2(r2 + a2)
√

1 − �

r2+a2

(6)

where � = r2 + a2 + Q2 − 2Mr . Note: to include the particle’s self-interaction effect after
the charged particle emission, the mass and charged parameters in (5) and (6) should be
replaced M and q with M − ω and Q − q to describe the motion of the particle correctly.

In the following discussion, we further consider tunneling process of a radiation particle.
Parikh and Wilczek applied the WKB approximation to calculate the emission rate of a
tunneling particle (s-shell). Applying Zhang’s method [27], we investigate the tunneling
process of a massive particle, starting with the WKB method and the barrier penetration.
Schrodinger’s equation for the motion of a particle in a centrally symmetric field is given
by:

∇� + (2m/�
2)(E − U(r))� = 0 (7)

Considering the following radial equation:

1

r2

d

dr

(
r2 dR

dr

)
− l(l + 1)

r2
R + 2m

�2
(E − U(r))R = 0 (8)

By the substitution:

R(r) = X(r)/r (9)

equation (8) is equal to the form:

d2X

dr2
+

[
2m

�2
(E − U(r)) − l(l + 1)

r2

]
X = 0 (10)

For s-wave, 1 = 0, the equation X(r) is:

d2X

dr2
+

[
2m

�2
(E − U(r))

]
X = 0 (11)

Considering the self-gravitation reliably the tunneling particle as a spherical shell, in the
Parikh- Wilczek framework. In this way, when it emits from the black hole, the matter grav-
ity system transits from one spherical state to another, the de Broglie wave function of
emission spherical shell is:

�(r) = X(r)/r (12)
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The WKB wave function of a particle can be written as follows:

�(r) = X(r)/r = 1

r
exp

∣∣
∣∣
iS(r)

�

∣∣
∣∣ (13)

where

S(r) = S0(r) +
(

�

i

)
S1(r) +

(
�

i

)2

S2(r) + · · · (14)

Substituting (13) into (11) yields:

S0 = ±
∫

prdr (15)

2S ′
0S

′
1 + S ′′

0 = 0 (16)

2S ′
0S

′
2 + (S ′

1)
2 + S ′′

1 = 0 (17)

where a prime denotes differentiation with respect to r .
To evaluate the probability of a particle passing through the barrier, we divide the whole

region of motion of the particle by two tunnelling points A and B into three parts: ingoing
and reflecting region, barrier region and the outgoing region. The particle can move freely in
ingoing and outgoing, but barrier region is classically inaccessible. The WKB wave function
is from reference [27].

The probability of barrier penetration is:

�p = jout

jin

= v|�out |2
v|�in|2 = v(Xout (b)/b)2

v(Xin(a)/a)2
= a2

b2
exp

[
−2ImS0

�

]
(18)

Let’s calculate the phase space factor corresponding to the charged Kerr black hole tunnel-
ing.

For charged Kerr black hole, we can easily obtained the canonical momentum pr and the
imaginary part of the action ImS0:

pr =
∫ pr

0
dp′

r =
∫

dH
·
r

= −iπ · r2 + a2

r
(19)

where ṙ = dr
dt

= − gtt

2gtr
= �

2(r2+a2)
√

1− �

r2+a2

ImS0 =
∫ rf

ri

prdr = −1

8
(Af − Ai) − 1

2
πa2 ln

Af

Ai

(20)

The probability of barrier penetration is:

�p = r2
i

r2
f

exp

[
−2ImS0

�

]
= exp

{[
Af

4�
+

(
πa2

�
− 1

)
lnAf

]

−
[

Ai

4�
+

(
πa2

�
− 1

)
lnAi

]}
(21)

In this paper, we investigate the transition of the matter-gravity system from one spherical
state to another at the same energy. The transition corresponds to the production and barrier
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penetration of the massive spherical shell. In other words, this process contains two stages.
The first stage is the production of the spherical shell from the vacuum fluctuation near the
event horizon. The second stage is the barrier penetration. So, the rate of transition from the
initial spherical state to the final spherical state is:

�(i → f ) = �c · �p = �c · exp

{[
Af

4�
+

(
πa2

�
− 1

)
lnAf

]
−

[
Ai

4�
+

(
πa2

�
− 1

)
lnAI

]}

= �c ·
[

exp

(
Af

4�
+ α0 ln

Af

4�

)
−

(
Ai

4�
+ α0 ln

Ai

4�

)]
(22)

where α0 = πa2

�
− 1 is a constant.

Let’s compare (22) with the unitary result in Quantum Mechanics, �(i → f ) = |Mf i |2.
(phase space factor, detailed process is from reference [27]. |Mf i |2 is the probability ampli-
tude of the process, this case is related to the process of the first stage. Thus, we have

Phase space factor = Nf

Ni

= eSf

eSi
= eSf −Si (23)

we naturally obtain the expression of the charged Kerr black hole entropy to the first order
correction

Sq = AH

4�
+ α0 ln

AH

4�
(24)

3 Second Order Correction to Charged Kerr Black Hole Entropy

Let’s calculate the tunneling rate to the second order approximation. In order to get the
second order correction of the black hole entropy, we write the WKB wave function to the
second order approximation.

X(r) = exp

[
iS0(r)

�
+ S1(r) + �

i
S2(r)

]
(25)

Where

S2 =
∫

− (S ′2
1 + S ′′

1 )

2S ′
0

dr (26)

It is similar to the treatment in Sect. 2, we can obtain the wave function of ingoing and
reflecting region, barrier region and the outgoing region, and get the expression of S2(r).

The expression of S2(r) in ingoing and reflecting region is:

S2 =
∫ A

r

− (S ′2
1 + S ′′

1 )

2S ′
0

dr (27)

The expression of S2(r) in barrier region is obtained as:

S2 =
∫ r

A

− (S ′2
1 + S ′′

1 )

2S ′
0

dr (28)
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The expression of S2(r) in the outgoing region is:

S2 =
∫ B

A

− (S ′2
1 + S ′′

1 )

2S ′
0

dr (29)

In ingoing and reflecting region, the ingoing flux density is

jin = −i�

2m

(
ψin

∂

∂r
ψ∗

in − ψ∗
in

∂

∂r
ψin

)
= v|ψ2

in| =
1

A2
(30)

In the outgoing region, the outgoing flux density is

jout = −i�

2m

(
ψout

∂

∂r
ψ∗

out − ψ∗
out

∂

∂r
ψout

)
= v|ψ2

out | =
1

B2
exp[ImS0 − �

2ImS2] (31)

Thus, we have

� = jout

jin

= A2

B2
exp

[
− 2

�

(
ImS0 − �

2ImS2

)]
(32)

For charged Kerr black hole tunneling, in classically inaccessible region, we have

S ′
0 = pr = −iπ

r2 + a2

r
, S ′′

0 = −iπ
r2 − a2

r2
, (33)

S ′
1 = −1

2

S ′′
0

S ′
0

= − r2 − a2

2r(r2 + a2)
, S ′′

1 = (r4 − 4a2r2 − a4)

2r2(r2 + a2)2
(34)

From (29) we can easily obtain

S ′
2 = − 1

2S ′
0

(
S ′2

1 + S ′′
1

) = − i

8π
· 3r4 − 10a2r2 − a4

r(r2 + a2)3
(35)

Thus

S2 =
∫ rf

ri

S ′
2dr = i

8π

{[
5π

Af + A0
+ 1

2a2
ln

(
1 − A0

Af + A0

)
− 12πA0

(Af + A0)2

]

−
[

5π

Ai + A0
+ 1

2a2
ln

(
1 − A0

Ai + A0

)
− 12πA0

(Ai + A0)2

]}
(36)

where A0 = 4πa2 is a constant.
Substituting (22), (35) into (32) and considering

�(i → f ) = |Mf i |2 (phase space factor) (37)

yield:

phase space factor

= exp

{
Af

4�
+ α0 ln

Af

4�
+ �

4π

[
5π

Af + A0
+ 1

2a2
ln

(
1 − A0

Af + A0

)
− 12πA0

(Af + A0)2

]

− Ai

4�
− α0 ln

Ai

4�
− �

4π

[
5π

Ai + A0
+ 1

2a2
ln

(
1 − A0

Ai + A0

)
− 12πA0

(Ai + A0)2

]}
(38)
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Comparing (38) with (23), we get the expression of the charged Kerr black hole entropy to
the second order correction:

Sq = AH

4�
+ α0 ln

AH

4�
+ �

4π

[
5π

AH + A0
+ 1

2a2
ln

(
1 − A0

AH + A0
− 12πA0

(AH + A0)2

)]
(39)

where α0 is constant.
The result is consistent with the unitary theory, but is also in agreement with the general

formulation of the black hole entropy. The tunneling rate is

�(i → f ) ∼ e�Sq (40)

4 Conclusion

Our work shows that the result we obtained is consistent with the unitary theory. The
entropy of the black hole will contain three parts: the usual Bekenstein-Hawking en-
tropy, the logarithmic term and inverse area term. In our conclusion, our correction to the
black hole entropy is consistent with that in loop quantum gravity, apart from coeffici-
ent. The result is also agreement with the general formulation of the black hole entropy.

Sq = AH

4l2p
+ α ln AH

4l2p
+ O(

l2p
AH

) + const. However, that the second order correction to charged

Kerr black hole entropy is not easily enough. So, we will study further in another paper. The
result is very important to realize the black hole.

References

1. Hawking, S.W.: Nature 248, 30 (1974)
2. Hawking, S.W.: Commun. Math. Phys. 43, 199 (1975)
3. Jiang, Q.Q., Wu, S.Q., Cai, X.: Phys. Rev. D 75, 064029 (2007)
4. Jiang, Q.Q., Wu, S.Q.: Phys. Lett. B 647, 200 (2007)
5. Lin, K., Yang, S.Z.: Chin. Phys. Lett. 26, 100401 (2009)
6. Yang, S.Z., Chen, D.Y.: Chin. Phys. Lett. 24, 1479 (2007)
7. Yang, S.Z., Chen, D.Y.: Chin. Phys. B 17, 817 (2008)
8. Chen, D.Y., Jiang, Q.Q., Zu, X.T.: Phys. Lett. B 665, 106 (2008)
9. Chen, D.Y., Jiang, Q.Q., Zu, X.T.: Class. Quantum Gravity 25, 205022 (2008)

10. Jiang, Q.Q., Wu, S.Q., Cai, X.: Phys. Rev. D 73, 064003 (2006)
11. Jiang, Q.Q., Wu, S.Q., Cai, X.: Phys. Lett. B 651, 58 (2007)
12. Jiang, Q.Q., Cai, X.: J. High Energy Phys. 11, 110 (2009)
13. Yang, S.Z.: Acta Phys. Sin. 53, 4007 (2004)
14. Zhang, J.Y., Zhao, Z.: Phys. Sin. 55, 3796 (2006)
15. Zhang, J.Y., Zhao, Z.: Nucl. Phys. B 725, 173 (2005)
16. Lin, K., Yang, S.Z.: Acta. Phys. Sin. B (2008)
17. Lin, K., Yang, S.Z.: Phys. Lett. B 674, 127–130 (2009)
18. Lin, K., Yang, S.Z.: Phys. Rev. D 79, 064035 (2009)
19. Lin, K., Yang, S.Z.: arXiv:0903.1983v1 [gr-qc/]
20. Lin, K., Yang, S.Z.: Acta Phys. Sin. 58, 744–748 (2009)
21. Banerijee, R., Majhi, B.R.: J. Hight Energy Phys. 0806, 095 (2008). arXiv:0805.2220
22. Banerijee, R., Majhi, B.R.: Phys. Lett. B 674, 218 (2009)
23. Banerijee, R., Majhi, B.R.: Phys. Lett. B 675, 243 (2009). arXiv:0903.0250
24. Banerijee, R., Modak, S.K.: J. Hight Energy Phys. 0905:063 (2009). arXiv:0903.3321
25. Majhi, B.R., Samanta, S.: arXiv:0901.2258
26. Banerijee, R., Majhi, B.R.: Phys. Lett. B 674, 218–222 (2009). arXiv:0808.3688
27. Zhang, J.Y.: Phys. Lett. B 668, 353–356 (2008)

http://arxiv.org/abs/arXiv:0903.1983v1
http://arxiv.org/abs/arXiv:0805.2220
http://arxiv.org/abs/arXiv:0903.0250
http://arxiv.org/abs/arXiv:0903.3321
http://arxiv.org/abs/arXiv:0901.2258
http://arxiv.org/abs/arXiv:0808.3688

	Hawking Radiation from Charged Kerr Black Hole Beyond Semi-classical Approximation
	Abstract
	Introduction
	Charged Kerr Black Hole Tunneling and Corrected Entropy
	Second Order Correction to Charged Kerr Black Hole Entropy
	Conclusion
	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


