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Abstract—RATAN-600 observations of a microwave source located above the active region NOAA 10105
obtained on September 7–20, 2002 with a frequency resolution of ∼10% have revealed a spectral feature
near 3.04 cm that can be interpreted as a neutral hydrogen line. This feature was observed September 11,
2002, in both absorption and emission, and was detected in the spectra of various portions of the source
(sunspot, flocculus, and background). The maximum line depth of (35 ± 5)% of the source brightness
was observed at the start of the observations (9.2h UT) in the flocculus in absorption. The line intensity
decreased rapidly with time, becoming less than the measurement errors by 9.7h UT. It is most likely that
the 3.04 cm emission is related to a 2B chromospheric flare (M2.2 X-ray burst) observed at ∼7.5h UT in
the floccular field, near the main sunspot of NOAA 10105. In this case, the total duration of the event was
about two hours. These observations are consistent with earlier statistical studies, and refines these based
on data with higher spatial resolution. Recommendations for further observational studies of the solar
3.04-cm hydrogen line are presented; requirements for theories of the 3.04 cm line taking into account
nonequilibrium states of the active-region plasma are indicated.
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1. INTRODUCTION

The line at 9850 MHz (3.04 cm), attributed to the
transition 22P3/2−22S1/2 between the fine structure
levels of the neutral hydrogen atom, occupies a par-
ticular place in the complex solar spectrum. This
is essentially the only solar hydrogen line that can
be detected in the radio band. The interest of solar
Н3.04 observations was first pointed out by Wild in
1952 [1], with this ideas being supported by De Jager
in 1959 [2]. However, the estimates of [1–3], all car-
ried out for a model of the quiescent Sun, suggest that
we should not expect strong emission (or absorption)
in the Н3.04 line if the level populations are determined
by collisions occurring in thermal equilibrium. At
the same time, it was stated that the probability of
observing this line should significantly increase under
strongly nonequilibrium conditions. Some difficulties
encountered in observational studies of this line, in-
cluding masking by the strongly polarized continuum
of solar active regions, were discussed in [4].

The first attempt to detect this line was undertaken
at the NERA observatory [2] and gave inconclusive

results. Attempts to detect the solar Н3.04 line then
continued over some thirty years (1958–1988) [5–
8]. According to [8], which summarizes results ob-
tained for low-spatial-resolution observations of the
quiescent Sun (188 spectrograms), the maximum
intensity of the Н3.04 line reaches (1.55 ± 0.02)% of
the continuum. Dravskikh and Dravskikh [8] also
present a line profile that they suggest is in fairly good
agreement with the profile predicted in [1], although
they note that their results require confirmation by
higher-resolution observations.

Solar observations with a resolution of ∼28′′ ob-
tained with the RATAN-600 radio telescope (at a
wavelength of 3 cm) were started in 1976. The
spectral range and spectral resolution of these ob-
servations have been continuously improved thanks
to the work of Bogod et al. [9, 10]. Due to the
indicated capabilities, RATAN-600 observations are
quite applicable to studies of this hydrogen line.

Some features of the active region NOAO 10105
at frequencies near the Н3.04 line were already noted
as part of studies of the sources of the S-component
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of the solar radio emission based on RATAN-600
observations [11]. The objective of our present study
is to refine the spatial and temporal distributions of the
line, identify the most probable origin of this feature,
and assess prospects for further studies.

2. OBSERVATIONS AND DATA
PROCESSING

The RATAN-600 data used for our study were ob-
tained in September 2002 (see ftp://ftp.sao.ru/pub/
sun/). The one-dimensional spatial resolution for
a wavelength of ∼3 cm is ∼28′′ and the frequency
resolution in the range 1.83–30 cm is 5%–10%.
Nobeyama Radio Heliograph (NoRH) data at
1.76 cm (ftp://solar.nro.nao.ac.jp)/ and Siberian
Solar Radio Telescope (SSRT) data at 5.2 cm
(ftp://iszf.irk.ru/ ssrt/) were also used.

We analyzed the data using a technique developed
by A.N. Korzhavin and realized in the standard soft-
ware of [12]. However, instead of using the Stokes
parameters I and V, as is usual, we considered the R
and L polarizations, which display the Н3.04 line more
clearly.

Our method of searching for the solar Н3.04 line
was similar to that proposed in [5]. We analyzed the
data at frequencies approaching that of the line and
determined the spectral flux density at three neigh-
boring points, at 2.90, 3.06, and 3.21 cm. The corre-
sponding frequencies are 10.35, 9.80, and 9.35 GHz,
respectively, and the bandpass for each frequency is
∼300 MHz. Assuming that the background spec-
trum was monotonic within the range, we searched
for deviations from this spectrum at 3.06 cm. We
expect that the fundamental idea behind this method
will also be applied to further observations with higher
spectral and spatial resolutions.

3. RESULTS

At the photospheric level, the morphology of the
active region NOAA 10105 resembled a very large
single sunspot surrounded by a bright flocculus (see
Fig. 1). A detailed description of this active region can
be found in [13].

The RATAN-600 solar scans obtained with high
resolution in one dimension show NOAA 10105 as a
bright source that can be divided into two regions (see
Fig. 2): the eastern region A, which is a bright com-
pact source associated with the main sunspot, and the
less bright, extended western region B, identified as a
floccular field.

A narrow-band spectral feature detected close to
the Н3.04 line was observed September 11, 2002: the
scan obtained at 3.06 cm differed from the scans ob-
tained on other days, and also from those obtained at

2.90 and 3.21 cm (see Fig. 2). This was most evident
for the extended region B. The monotonicity was not
disrupted in a jump-like fashion, as we would expect
for radiation in the transition region; instead, there
was a “dropping” of the 3.06 cm point against the
monotonic background spectrum. Figure 3 presents
the results of the standard RATAN-600 data process-
ing applied to the measurements of the spectral flux
density. The Н3.04 line can be seen in all elements of
the active region, including the sunspot source, floc-
cular source, and quiescent Sun, but region B of the
floccular field demonstrates the maximum strength,
which reaches ∼(30 ± 5)% (in the R polarization).

To improve the reliability of the results, we also
processed the RATAN-600 data for NOAA 10105
in another way, using the antenna temperature T
determined for individual points of the scan (marked
A, B, and C in Fig. 2) against the background level
of the “sky”. The observations were analyzed in this
way both at local noon (∼9.2h UT) and 0.5, 1.0,
and 1.5 h after noon. Figure 4 presents the results
obtained in the form of the line depth dT

T calculated
using the antenna temperature T3.06 detected at the
point of maximum brightness for the sources A and B
observed at 3.06 cm:

dT

T
=

T3.06 − T̄3.06

T̄3.06
× 100,

where T 3.06 is the antenna temperature at 3.06 cm
in the absence of emission in the Н3.04 line; this
temperature was calculated via a linear interpolation
of the antenna temperatures measured at 2.90 and
3.21 cm. The maximum Н3.04 line detected in this
way corresponds to 9.2h UT and reaches (35 ± 5)%,
in good agreement with the analysis of the flux mea-
surements. In the subsequent 0.5–1 h, the line depth
decreased to the background level.

We also compared this event with GOES data (see
Fig. 5a). Our analysis shows that nearly the entire
GOES profile for the event observed from 7.5h UT
to 10.5h UT (except for a second maximum at an
observation time of 1.5h) can be attributed to events
occurring in NOAA 10105. Note that the weak SF
flare was accompanied by an eruption. On the whole,
the RATAN-600 observations were carried out after
the main maximum; this period could be classified
as a post burst increase (PBI) of an M2.2 impulsive
event, whose maximum was observed at ∼7.5h UT.
We conclude that the Н3.04 line is very likely genet-
ically related to the chromospheric flare (2B) and X-
ray event (M2.2), with these flares occurring in the
floccular field located near the main NОAA 10105
sunspot.

Our results on the solar Н3.04 line represent a sig-
nificant refinement compared to the results of [8], and
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Fig. 1. SOHO (upper row), NoRH (middle row), and SSRT (lower row) observations of NOAA 10105 on September 11, 2002.
The NoRH and SSRT maps are presented for the R (left) and L (right) polarizations; the brightness temperature is indicated
in thousands of Kelvin. The daggers in the magnetogram indicate chromospheric flare locations.
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Fig. 2. RATAN-600 scans of NOAA 10105 at 2.90 cm (left column) for September 11–13, 2002, 3.06 cm (middle column),
and 3.21 cm (right column). The scans are superimposed on the SOHO photoheliograms for the corresponding days. The
three main regions in the image are marked by A (sunspot), B (flocculus), and C (background). The scans are presented in R
(lower curves) and L (upper curves) polarizations.

can address the questions of (a) what was observed
(the effect interpreted as the Н3.04 line is described in
detail), (b) where it was observed (the particular com-
ponent of the solar radio emission is indicated), and
(c) when it was observed (the duration is estimated
and genetic relations are found).

The unanswered question is “why;” namely, we
must propose a scenario and identify the processes
disrupting the equilibrium and strengthening the
Н3.04 line.

4. DISCUSSION
Our results for the particular active region

NOAA 10105 are consistent with Н3.04 line data

detected earlier [8] for the radiation of the quiescent
Sun. The term “quiescent Sun” was not used entirely
correctly in [8], and should be replaced by “quasi-
quiescent Sun,” which could be defined as the entire
disk including the B and S components of the radio
emission detected during periods without large flares
or other sporadic events. Our studies show that the
amplitude of ∼1.5% of the continuum reported in [8]
could be due to a single event.

What is the mechanism exciting the hydrogen
atoms and giving rise to the Н3.04 line emission in the
context of our NOAA 10105 observations? The anal-
ysis of a single event cannot be expected to provide
an answer to this question or yield a valid scenario
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that can explain the required “pumping.” At the
same time, we note the eruption that occurred in
NOAA 10105 ∼1 h before our RATAN-600 obser-
vations of the Н3.04 line. As a rule, eruptions are
accompanied by ejections of cool material. According
to modern models, the ejections are accompanied by

dimmings, that is, the observation of low-brightness
regions in the lower corona [14, 15]. Processes such
as coronal ejections remain incompletely studied in
the radio band. Analyses of individual cases [16, 17]
show that these are complex phenomena accompa-
nied by both heating and cooling of the particular
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The plot is taken from [18].

regions of the solar atmosphere surrounding the ejec-
tion. It seems quite plausible that the ejection of ma-
terial could increase the fraction of neutral hydrogen
while simultaneously exciting the atoms, resulting in
an increase in the intensity of the Н3.04 line.

On the other hand, it is well known that the num-
ber and temperature of hot particles in the solar atmo-
sphere can increase substantially above active regions
during flares. Our estimates based on observations
of bursts in the radio and ultraviolet show that the
brightness temperature of the radio emission reached
high values of ∼10–20 MK at the maximum of the

M2.2 flare. Apparently, the region was cooled dur-
ing ∼3 h after the heating, and the RATAN-600
observations examined the very end of the PBI.

We can also consider the neutral atomic hydro-
gen detected during the X9 flare observed by the
STEREO spacecraft [18]. Figure 5b, taken from [18],
shows the GOES profile of the X-ray event superim-
posed on the burst profile for neutral particles with
energies of 1.6–15 MeV. It is interesting that these
particles were detected during both the event max-
imum and the decay; this indirectly supports our
results on the Н3.04 line for NOAA 10105. Ac-
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cording to the estimates of [18], only a very small
fraction (∼10−5) of the total number of fast neutral
hydrogen atoms generated by the flare escaped into
interplanetary space. In radio astronomy, we observe
effects due to all available atoms. In addition, we
observe both fast and other neutral hydrogen atoms,
including those resulting from slower protons moving
toward the solar surface through the region with a
lower degree of ionization than the corona. Substan-
tial directed motions spread the neutral material over
large distances from the flare. The region occupied by
the post-flare hydrogen can significantly exceed the
volume of the flare itself.

Another feature of the radio observations is that
the neutral hydrogen line is fairly narrow (∼2.5% of
the total width and ∼1% of the width of the main
maximum [1]). In the case of rapid motions of large
volumes of neutral hydrogen generated by the flare,
the Doppler effect can result in significant and vari-
able distortions in the Н3.04 line (frequency shifts,
broadening, and profile changes), which reflect the
spatial and temporal behavior of the flows.

Studies of the Н3.04 line of the Sun must certainly
be developed further. Our results suggest that Н3.04

line studies with fairly high two-dimensional spatial
resolution (a resolution of∼3′ × 3′ and a mirror diam-
eter D ∼ 30 m will be quite sufficient for a first step)
and receivers tuned to 9850 MHz with a bandpass
no narrow than ±500 MHz are most promising. The
relative accuracy of measurements of the spectral flux
density should be no worse than 1%.

In addition to experimental studies, the theory of
the solar Н3.04 line should be developed taking into
account the violation of equilibrium states due to
rapid plasma motions in strong magnetic fields. In
the absence of theoretical models, it is very difficult
to interpret the observations, in particular, those on
the polarization of the emission. It will be very help-
ful to experimental studies if theorists can calculate
other expected features of the Н3.04-line radiation.
Estimates of the percentage of neutral material in
the solar atmosphere represent a final goal of such
studies, and are required for the refinement of some
models for coronal heating [19].

5. SUMMARY

RATAN-600 observations of enhanced radio
emission above solar active regions have revealed
a spectral feature in the emission of NOAA 10105
(September 2002), which can be interpreted as
the Н3.04 neutral hydrogen line in absorption, and also
in emission for some components.

We have found evidence for a genetic relation be-
tween the line and the chromospheric 2B and X-ray

M2.2 flares. The line was detected during the post-
burst increase (PBI) stage of the events.

The line displayed the following features:
—the line radiation was most visible in the lower

corona above the flocculus;
—the duration of the line emission was less than

two hours;
—the maximum line depth reached (35 ± 5)%;
—the maximum degree of polarization of the line

emission reached ∼30%.
Compared with the results obtained earlier in [8],

our new studies represent a more reliable detection,
since the line was detected against the radiation of
a particular active region (with a flux of ∼10 s.f.u.)
instead of the radiation of the total solar disk (with a
flux of ∼300 s.f.u.).

Further theoretical and observational studies of
the Sun in the Н3.04 neutral hydrogen line are nec-
essary. We have formulated requirements for the
observational facilities.

ACKNOWLEDGMENTS

The authors are grateful to D.A. Varshalovich
and A.F. Dravskikh for helpful comments to the
manuscript. We are also grateful to the team who
contribute to carrying out regular solar observa-
tions on the RATAN-600. We greatly appreci-
ate L.V. Opeikina’s assistance in working with the
archive of RATAN-600 solar observations. This work
was supported by the State Program of Support for
Leading Scientific Schools of the Russian Federation
(project code NSh-3645.2010.2).

REFERENCES
1. J. P. Wild, Astrophys. J. 115, 206 (1952).
2. C. De Jager, in Paris Symposium on Radio As-

tronomy, Ed. by R. N. Bracewell (Stanford Univ.,
Stanford, 1959), p. 96.

3. A. Zelenka, Solar Phys. 58, 17 (1978).
4. V. V. Zheleznyakov, Radio Emission of the Sun and

Planets (Nauka, Moscow, 1964), p. 70 [in Russian].
5. A. F. Dravskikh, Izv. Glavn. Astron. Observ. Pulkovo

164, 128 (1960).
6. A. F. Dravskikh, Izv. Glavn. Astron. Observ. Pulkovo

172, 40 (1964).
7. A. F. Dravskikh and Z. V. Dravskikh, Preprint Spets.

Astrofiz. Observ. No. 42L (1987).
8. A. F. Dravskikh and Z. V. Dravskikh, Astron. Zh. 65,

199 (1988) [Sov. Astron. 32, 104 (1988)].
9. V. M. Bogod, V. I. Garaimov, V. A. Shatilov, et al., in

Proceedings of the 27th Radioastronomical Con-
ference, Vol. 3 (IPA RAN, St. Petersburg, 1997),
p. 132.

ASTRONOMY REPORTS Vol. 55 No. 9 2011



848 PETEROVA et al.

10. V. M. Bogod, A. M. Alesin, S. V. Baldin, et al.,
in Proceedings of the 9th Pulkovo International
Conference on Solar Physics (GAO RAN, Pulkovo,
2005), p. 627.

11. N. G. Peterova, N. A. Topchilo, and T. P. Borisevich,
in Proceedings of the All-Russia Annual Confer-
ence on Solar Physics (GAO RAN, Pulkovo, 2009),
p. 337.

12. V. I. Garaimov, Preprint Spets. Astrofiz. Observ.
No. 127T (1997).

13. N. A. Topchilo, N. G. Peterova, and T. P. Borise-
vich, Astron. Zh. 87, 75 (2010) [Astron. Rep. 54, 69
(2010)].

14. R. T. Stewart, M. K. McCabe, M. J. Koomen, et al.,
Solar Phys. 36, 203 (1974).

15. D. M. Rust and E. Hildner, Solar Phys. 48, 381
(1976).

16. A. M. Uralov, S. V. Lesovoi, V. G. Zandanov, et al.,
Solar Phys. 208, 69 (2002).

17. N. N. Kardapolova, T. P. Borisevich, N. G. Peterova,
et al., Astron. Zh. 85, 460 (2008) [Astron. Rep. 52,
409 (2008)].

18. R. A. Mewald, R. A. Leske, E. C. Stone, et al.,
Astrophys. J. 693, L11 (2009).

19. V. V. Zaitsev and A. V. Stepanov, Astron. Zh. 68, 384
(1991) [Sov. Astron. 35, 189 (1991)].

Translated by V. Badin

ASTRONOMY REPORTS Vol. 55 No. 9 2011



<<
  /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 /Warning
  /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 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


