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HE DISCOVERY OF QUASARS was a gradual process that 
took several years, from 1960 to 1963, and was eventually re-
solved through the discovery of their redshifts. I will fi rst men-T

tion the essential role that radio astronomy played in fi nding these ob-
jects and then describe the optical work that led to the discovery.  

Radio astronomy found its roots during World War II, when radar 
refl ections had occasionally shown interference from unknown outside 
sources. After the war, radio astronomy observatories were set up at Jo-
drell Bank and Cambridge in the U.K. and in Australia. A number of 
discrete radio sources were soon discovered. The Revised 3C Catalogue 
of Radio Sources (3CR) provided positions and intensities for many 
sources accessible from the Northern Hemisphere. At Caltech’s Owens 
Valley Radio Observatory, an interferometer of two 90-foot radio 
dishes was employed by Thomas Matthews and his collaborators in the 
late 1950s to produce more accurate positions of 3C sources. He would 
prepare optical observing charts in which the radio position was indi-
cated on a photographic image of the sky. An optical observer could 
then take a spectrum of one or more objects near the radio position 
and confi rm the identifi cation on the basis of the spectrum. Initially, all 
strong radio sources were identifi ed with galaxies of the elliptical type, 
most of them with emission lines in their spectra.

Galaxies are large stellar systems, like our own Milky Way Galaxy 
and the nearby Andromeda Galaxy. These building blocks of the Uni-
verse typically contain 100 billion stars, and much dark matter of un-
known nature. The total number of galaxies is likely of the order of 
100 billion. The velocities of galaxies are all directed away from us, 
leading to a redshift in their spectra. As shown by Lemaître in 1927 and 
confi rmed by Hubble in 1929, the redshifts of galaxies are proportional 
to their distances, leading to the concept of the expanding Universe. 
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With the currently accepted scale length, the Universe started from a 
very small volume (the big bang) around 14 billion years ago.

The situation changed in 1960 when Matthews attempted to iden-
tify the radio source 3C 48. Rather than a galaxy, he found at the radio 
position a 16th mag star. Observations carried out by Sandage and by 
Greenstein showed that the star was surrounded by weak nebulosity 
and had a spectrum showing three prominent emission lines with sev-
eral weaker ones. The lines could not be identifi ed.

Matthews and Sandage submitted a manuscript about 3C 48 to the 
Astrophysical Journal two years later. They showed from extended op-
tical photometry that it varied by about 30% in a year. In the article, 
they say of the three strong emission lines that they are “not a plausible 
combination of redshifted emission lines.” Assuming that the object was 
in our Galaxy, they estimated that 3C 48 was at a distance of around 
100 pc or 300 light years with considerable uncertainty.

I had not been involved in any of the observations of 3C 48. I 
started to work with Matthews on the identifi cation of radio sources in 
1961, taking spectra of the optical candidates using the Palomar 
200-inch telescope. Most of the candidates were galaxies, but we did 
identify three radio sources with optical stars, like 3C 48 but much 
fainter. Their spectra showed very few emission lines, each at a wave-
length different from those in 3C 48, and none of them could be identi-
fi ed. It was the next stellar object, 3C 273, that was to provide the clue 
to the mystery of these star-like radio sources.

The strong radio source 3C 273 had attracted the attention of Aus-
tralian radio astronomers, since it would be occulted several times by 
the Moon in 1962. The times of disappearance and reappearance of the 
source would give more accurate information about the position than 
was otherwise possible at the time. Cyril Hazard carried out the obser-
vations at the Parkes 210-foot radio telescope.

The occultation observations were successful and showed that 3C 
273 was a double source with a separation of about 20 arcseconds. 
Component A had a steep radio spectrum and was extended, while B 
had a fl at spectrum with most of the radiation from a diameter of less 
than an arcsecond. Tom Matthews gave me the fi nding chart based on 
the occultation positions. A bright star of magnitude 13 was seen near 
component B. Component A was located at the end of a very faint opti-
cal jet.

I made the fi rst spectroscopic observations of 3C 273 at the Palo-
mar 200-inch telescope in December 1962. These observations were 
carried out in the prime focus cage of the 200-inch telescope, inside 
and near the top of the telescope. The cage had a chair mounted in a 
way that allowed the observer to stay more or less horizontal as the 
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telescope swung across the sky. The focus of the telescope was right in 
front of and below the observer. The nebular spectrograph was mounted 
on top of it with a camera. The camera had to be loaded in the dark with 
a small plateholder with a photographic plate of about 25  ×  15 mm. Ex-
posure times tended to be very long since the quantum effi ciency of the 
photographic plates was very low and typically only a few objects could 
be observed each night.

On 27 December 1962 I observed the bright stellar object in 3C 
273. Since it was more than a hundred times brighter than the typical 
objects I observed, it was diffi cult to estimate the best exposure time. 
The spectrum was strongly overexposed, but my notes show that it did 
have a broad emission line in the ultraviolet; also broad emission at 
5650 A. I took a spectrum at twice the spectral dispersion on 29 De-
cember. This was successful: I noted four broad emission lines and a 
number of possible ones.

When Hazard heard that we had identifi ed 3C 273, he suggested 
that I write a letter to Nature to accompany one that he had written. It 
was in the process of writing that letter that I discovered the redshift.

It happened on 6 February 1963. While I was writing a draft, I de-
cided to have another look at the spectra. While I was doing so, it 
struck me that if I ignored the strong ultraviolet line and a very weak 
line, the four remaining ones showed increasing spacing and increasing 
intensity from blue to red. For reasons that I don’t remember I tried to 

Figure 1. The lower spectrum shows emission lines of hydrogen, helium, and 
neon that provide the wavelength scale, from blue to red. The upper spectrum is 
that of the bright “star,” widened to improve the visibility of its emission lines. In the 
comparison spectrum three lines of the Balmer series of hydrogen lines are indicated. 
They also show in the 3C 273 spectrum, but at wavelengths 16% larger than in 
the comparison. This signifi es that the light of 3C 273 has a redshift of 0.16. Two 
further lines not shown in this spectrum confi rmed this redshift. The narrow line 
just left of Hβ in the 3C 273 spectrum originates in the Earth’s atmosphere. 
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construct an energy-level diagram. When the energy levels did not come 
out regularly spaced, I was annoyed because they had to be. To check 
on the regularity of the observed lines, I decided to compare them with 
the Balmer lines of hydrogen, which are very regular. Specifi cally, I took 
for each line in 3C 273 the ratio of its wavelength over the wavelength 
of the nearest Balmer line. The fi rst ratio was 1.16, the second was . . . 
also 1.16. It suddenly struck me that I might be seeing a redshift. When 
the third and fourth ratios were also close to 1.16, it was abundantly 
clear that I was seeing in 3C 273 a redshifted Balmer spectrum. An 
emission line that had been observed by J. B. Oke in the red at 7590 A, 
could now be identifi ed as the Balmer H-alpha line. Correcting the 
wavelength of the ultraviolet line in 3C 273 for the redshift, it could be 
identifi ed as MgII emission. 

I asked Jesse Greenstein to come to my offi ce. He produced the list 
of emission lines observed in 3C 48. It did not take us long to fi nd a 
redshift of around 0.37, mostly based on forbidden lines. With this red-
shift, the strongest line turned out to be the same MgII emission that I 
had just found in 3C 273. There was no doubt that these two stellar 
objects had large redshifts!

It was a stunning development. The most obvious explanation of a 
large redshift is that it is a consequence of the expanding Universe, just 
as seen for galaxies. Hubble’s law states that the expansion velocity is 
proportional to the distance, at a rate of 21 km/sec for each 1 million 
light years. With 3C 273 moving away at 47,000 km/sec, this translates 
into a distance of 2 billion light years. At this distance, 3C 273 would 
have to be 100 times more luminous than the typical galaxy. 

The situation for 3C 48 was as follows. Its redshift of 0.37 corre-
sponded to a distance of 4 billion light years. Sandage’s observations 
had shown that 3C 48 was varying by about 30% in a year. So the light 
source could not be much bigger than 3 light years, whereas typical 
galaxies have sizes of at least 10,000 light years. Were we really pre-
pared to propose that an object looking like a star could have the lumi-
nosity of 100 galaxies, yet be 3,000 times smaller in diameter?

We did investigate the possibility that the redshift was gravitational, 
but quickly dismissed it on the basis of spectroscopic arguments. So we 
accepted the redshift as being cosmological, leading to the astounding 
properties of the objects as we described above. The article for Nature 
announcing the redshift in 3C 273 was published in March 1963, to-
gether with an article by Oke on the H-alpha line, and one by Greenstein 
and Matthews on 3C 48. They were preceded by an article by Hazard, 
Mackey, and Shimmins about the lunar occultations of 3C 273.

In retrospect, the question arises why the redshift of quasars 
was not noticed earlier. There was, of course, a mental barrier against 
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considering the possibility of a star-like object having a redshift. This 
was because most stars in the sky belong to our Milky Way Galaxy, and 
have motions not much larger than 600 km/sec, corresponding to a 
redshift of 0.002. Even when I was in the process of taking wavelength 
ratios of the lines in 3C 273 and the Balmer series, I was only thinking 
of checking the regularity of the line spacings, even though the proce-
dure is standard for deriving redshifts.

While identifying quasi-stellar radio sources on photographic plates, 
Sandage noticed in 1965 a number of stellar objects of similar proper-
ties that were not radio sources. These quasi-stellar objects had spectra 
and luminosities similar to the quasi-stellar radio sources. Both types of 
quasi-stellar sources soon became known as quasars, a name proposed 
by H.-Y. Chiu in 1964.

The nature of quasars remained uncertain until 1969, when Don-
ald Lynden-Bell presented compelling arguments that they were mas-
sive black holes. Their enormous luminosities are caused by the accre-
tion of gas and stars into the black hole. This fi tted well with their high 
luminosities and their small sizes.

It was clear that with their high luminosities, quasars should be vis-
ible to enormous distances. I was able to derive a redshift of 2.0 for the 
quasar 3C 9 in 1965. It took the light from this object 10 billion years 
to reach Earth. Thus we observed the object as it was only 4 billion 
years after the big bang. The currently largest redshifts for quasars of 
more than 6 reach back to 1 billion years after the big bang. Clearly, 
the discovery of quasars opened up the exploration of the early stages 
of the Universe.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramondPro-Semibold
    /AGaramondPro-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CaflischScriptPro-Bold
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HelveticaRoundedLTStd-BdCnO
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeridienLTStd-Bold
    /MeridienLTStd-BoldItalic
    /MeridienLTStd-Italic
    /MeridienLTStd-Medium
    /MeridienLTStd-MediumItalic
    /MeridienLTStd-Roman
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackCond
    /MyriadPro-BlackCondIt
    /MyriadPro-BlackIt
    /MyriadPro-BlackSemiCn
    /MyriadPro-BlackSemiCnIt
    /MyriadPro-BlackSemiExt
    /MyriadPro-BlackSemiExtIt
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-BoldSemiCn
    /MyriadPro-BoldSemiCnIt
    /MyriadPro-BoldSemiExt
    /MyriadPro-BoldSemiExtIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightCond
    /MyriadPro-LightCondIt
    /MyriadPro-LightIt
    /MyriadPro-LightSemiCn
    /MyriadPro-LightSemiCnIt
    /MyriadPro-LightSemiExt
    /MyriadPro-LightSemiExtIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldCondIt
    /MyriadPro-SemiboldIt
    /MyriadPro-SemiboldSemiCn
    /MyriadPro-SemiboldSemiCnIt
    /MyriadPro-SemiboldSemiExt
    /MyriadPro-SemiboldSemiExtIt
    /MyriadPro-SemiCn
    /MyriadPro-SemiCnIt
    /MyriadPro-SemiExt
    /MyriadPro-SemiExtIt
    /MyriadStd-Sketch
    /MyriadStd-Tilt
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /Sylfaen
    /SymbolMT
    /SymbolStd
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [504.000 720.000]
>> setpagedevice


