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INTRODUCTION

ABSTRACT

Wede ne 3 sampleof extragalacticadiosource®f typeFRII, containing26 objectsin total.
The controlsampleconsistsof 6C and7C sourceswith radio powersof around10?’ WHz 1
at 151MHz and redshiftsof z 1. The other samplescontain 3CRR sourceswith either
comparableedshiftsbut radiopowersabouta decaddargeror with comparableadiopowers
butredshiftsaroundz 0 4. We usethesesamplego investigateahepossiblesvolutionof their
depolarisatiorandrotationmeasuregropertieswith redshiftandradio power independently
We usedVLA datafor all sourcesat 4800MHz andtwo frequenciesvithin the 1400MHz
band,either from our own obsenationsor from the archive. We presentmapsof the total
intensity ux, polarised ux, depolarisationspectralindex, rotation measureand magnetic
eld directionwherenot previously published.Radio coreswere detectedn twelve of the
twenty-sixradio sourcesFourteenof the sourceshaw a strongLaing-Garringtoreffect but
almostall of the sourcesshov somedepolarisatiorasymmetry All sourcesshav evidence
for an external Faradayscreenbeing responsiblefor the obsened depolarisationWe nd
that sourcesat higher redshift are more strongly depolarised Rotation measureshovs no
trendwith eitherredshiftor radio power, however variationsin the rotation measureacross
individual sourcesncreasewith the redshiftof the sourceshut do not dependon their radio
power.

Keywords: Galaxies active, jets,polarisationmagneticeld.

radiosourceresults;f thiscon ning mediumalsoactsasaFaraday

Obsenations of the polarisationpropertiesof extragalacticradio
sourcescan provide informationon the relationshipsbetweenthe
radio sourcepropertiesandtheir environmentsaswell asthe evo-
lution of bothwith redshift.Many previous studiesof variationsin
polarisationpropertieshave suffered from a degenerag between
radiopower andredshiftdueto Malmquistbias,presenin all ux-
limited samplesA good exampleof this effect is the depolarisa-
tion correlationgoundindependentlyy Kronbeg etal. (1972)and
Morris & Tabara(1973).

Kronbeg et al. (1972)found that depolarisatiorof the radio
lobesgenerallyincreasedwith redshiftwhereasMorris & Tabara
(2973)found depolarisatiorio increasewith radioluminosity Due
to the ux-limited samples(PKS and 3C) usedby both authors
it is dif cult to distinguishwhich is the fundamentakorrelation,
or whethersomecombinationof the two occurs.Both suggestions
havereadyexplanations(i) If radiosourcesrecon nedby adense
mediumthensynchrotroriossesdueto adiabaticexpansionarere-
ducedtheinternalmagneticeld is strongeranda moreluminous
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medium,moreluminoussourceswill tendto be moredepolarised.
(ii) Sourcesat differentcosmologicakpochsmayresidein differ-
entervironmentsand/ortheir intrinsic propertiesmay changewith
redshift.

Hill & Lilly (1991)obsenedthatgalaxydensitiesaroundFR
Il radio sourcesncreasedvith redshiftouttoz 05 andbeyond
but Wold et al. (2001) did not nd this trendin a recentstudy
Welter et al. (1984) amguedthat the increasein rotation measure
with redshiftis primarily attributableto anincreasingcontrikbution
of interveningmatter However, depolarisatiormasymmetriesvithin
a source,e.g the Laing-Garringtoneffect, increasewith redshift
whichimply anorigin local to the hostgalaxy(Garrington& Con-
way, 1991).

To breakthisapparentlegenerag effectwe de ned 3 subsam-
plesof sourcexhoserfrom the 3SCRRand6C/7CcataloguesThe
controlsampleconsistof 6C and7C sourcesatredshiftz 1 with
radiopowersof around10?” WHz 1 at151MHz. Anothersample
at the sameredshift consistsof 3CRR sourceswith radio powers
arounda magnitudehigherat 151 MHz. The nal sampleconsists
of 3CRR sourcesat redshiftz 0 4, againwith radio powers of
around10?” WHz 1 at 151 MHz (Figure 1). The obserationsof
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Figure 1. A radiopowerredshiftplot shaving the 3 subsamplessedin the
obsenations.SampleA is representetdy "x', sampleB by "o’ andsample
C by *. Thelinesmarkthe ux limits for the SCRRand6C samplesA

spectraindex of 0.75wasusedto shift the 3SCRRdatato 151 MHz.

samplesourcesanthenbe usedto studythe sourcepropertiesand
the mediumaroundthe source,thus discovering which correlate
with redshiftandwhich correlatewith radio powver enablingusto

answelthefollowing questions:

Doesarelationshipexist betweerradio power andthe
ervironmentin which a givenradiosourcelives?
Do the environmentsevolve with redshift?

The structureof the paperis asfollows. Section2 describes
in detail the sampleselectionandthe VLA obserations.Section
3 containsthe results,including the mapsof the 26 sourcesfrom
the 3 samplesSection4 discusseshe obsered trendsacrossthe
samplesdetailingary correlationshetweerobserables.Section5
summariseshe conclusionsf the paper All valuesarecalculated
assumingH, 50kms IMpc 1, andW, O05(L 0).

2 THE VLA OBSERVATIONS AND DATA REDUCTION
2.1 Sampleselection

SampleA wasde ned asa subsamplehoserfrom the 6CE (Eales
et al., 1997) subrgjion of the 6C surey (Haleset al., 1990),
and the 7C Il subsample(Lacy et al., 1999), dravn from the
7C and 8C suneys (Poole et al., 1998). The selectedsources
have redshifts08 z 1 3, andradio poversat 151 MHz be-
tween65 10°%WHz 1 Pisimnz 135 1077WHz 1. Sam-
ple B wasde ned asa subsampldrom the revised 3SCRR suney
by Laing et al. (1983)containingsourceswithin the sameredshift
rangebut with powersin therange6 5 107’WHz 1 Pisiungz
135 108WHz 1. SampleC is alsofrom the 3CRRcatalogueit
hasthesameradiopowerdistributionasthecontrolsample sample
A, butwith03 z 05.Weonlyincludesourcegshatweremore
luminousthanthe ux limits of the original samplesat 151 MHz.
(Figurel). In all samplesonly sourceswith angularsizesq 10
(correspondingo  90kpcatz=1)wereincluded seeTablel. This
angularsizelimit is imposedby the depolarisatiormeasurements
asthey requirea minimumof tenindependentelescopbeamg1”
perbeam)over theentiresource Thedistributionsof linearsizesof

Table 1. Detailsof the sourcesn sampleA,B & C. Sourcesn italics are
guasarss, givesthenoiselevel in the nal total ux mapsatfrequeng n.

Source z PisivHz Angularsize  s4g S14
(W/Hz) (arcsec)  (udy) (udy)
6C0943+39 1.04 10 10¢ 10 20 55
6C1011+36 1.04 11 10¥ 49 15 65
6C1018+37 0.81 88 10 64 24 50
6C1129+37 1.06 11 10¥ 15 21 60
6C1256+36 1.07 13 10¢ 14 18 70
6C1257+36 1.00 11 10¥ 38 33 100
7C1745+642 123 95 10% 16 30 60
7C1801+690 1.27 10 10 21 24 75
7C1813+684 1.03 71 10% 52 23 47
3C65 1.18 10 10% 17 22 61
3C68.1 124 11 10%8 52 41 100
3C252 111 72 10¢ 60 23 100
3C265 081 65 10 78 32 70
3C268.1 097 10 1028 46 32 68
3C267 114 10 10%8 38 25 61
3C280 1.00 12 10 15 33 75
3C324 121 13 10%8 10 26 70
4C16.49 1.29 99 10¢ 16 25 81
3C16 041 74 10% 63 36 80
3C42 0.40 75 10% 28 29 70
3C46 044 79 10% 168 20 53
3C299 037 69 10% 11 39 77
3C341 0.45 88 10% 70 26 88
3C351 037 76 10% 65 31 100
3C457 0.43 96 10% 190 18 80
4C14.27 039 88 10% 30 30 90

theradiolobesarereasonablynatchedacrossall the samplegFig-
ure2). Eachsamplenitially contained® sourcesthesource3C109
wassubsequentlgxcludedfrom sampleC asthe VLA datawasof
muchpoorerquality thanthatof therestof the sample Eachof the
resultingsubsamplegontainsl to 3 quasarsThe sourcesin the
3 subsamplesire representatie of sourceswith similar redshifts,
radio powersandsizes.However, the samplesarenot statistically
completebecaus®f observingime limitations. We pickedsources
thatwerefairly well obseredat 4.8 GHz at B array(andC array
if needed)n thearchies,ensuringthata minimum of newv obser
vationswasneededFull detailsof the samplesaregivenin Table
1

Theratio of angularto physicalsizevariesonly by afactorl.3
betweerz 04andz 14.Thisensuredhatall thesourcesvere
obseredat similar physicalresolutionsAll redshiftvaluesfor 6C
sourcesveretakenfrom Ealesetal. (1997)exceptfor 6C1018+37
whichwastakenfrom Rawlings etal. (2001).The7C sourcewere
takenfrom Lacy etal. (1999).The 3SCRRsourcesveretakenfrom
Spinradet al. (1985),4C16.49wastaken from Barkhouse& Hall
(2001a),4C14.27wastaken from Herbig & Readheaq1992)and
3C457wastakenfrom Hewitt & Burbridge(1991).

2.2 \Very LargeArray obsewations

Obsenationsof all 26 radio galaxiesweremadecloseto 1.4 GHz
usingthe A array con guration and a 25 MHz bandwidth.This
bandwidthwasusednsteadf 50 MHz to reduceheeffectof band-
width depolarisationThe maximumangularsizethat canbe suc-
cessfullyimagedusingA arrayat 1.4 GHzis 38 . 12 sourceswvere
larger thanthis andwere obsered additionallywith B array Ob-
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senationswerealsomadeat 4.8 GHz usinga 50 MHz bandwidth.
Themaximumobserableangularsizein B arrayat4.8 GHzis 36 .
Thesamel2 sourcesasbefore werethenobseredat4.8 GHz with
C array This ensuredhatboth 1.4 GHz and5 GHz obsenrations
were equally matchedin sensitvity andresolution.Details of the
obserationsaregivenin Tables2 to 4.

Sourcesn the 6C and 7C sampleshave a typical bridge sur
facebrightnesof  70ulybeam 1 in 5 GHz A-array obserations
(Bestetal., 1999).In orderto detectl0% polarisationat 3s in B-
arrayobserationswe requiredanrmsnoiselevel of 20pJybeam 1,
correspondindgo 70 mins of integrationtime. At 1.4 GHz, assum-
inga 1 3, bridgeswill be afactorof 4 moreluminous.At this
frequeng, the exposuretime is setby the requiremento have an
adequateamountof uv-coverageto mapthe bridge structures20
minuteobsenationsweresplitinto 4 5 minuteintervals. This ob-
senationsplitting to improve uv-coveragewasalsodonefor the4.8
GHz data.

At 1.4 GHz the integrationtime on all the sourcesis above
theminimum requiredfor goodsignalto noise.AsTable2 demon-
stratesfor mary of our sourcegheintegrationtimesat’5 GHz are
considerablylessthan the 70 min requirementdue to telescope
time constraintsMany of the obsered propertiesthat dependon
polarisatiorobserations(e.gdepolarisatiorandrotationmeasure),
arethereforepoorly measuredn thefaintercomponentat5 GHz.
The valuesobtainedare thenonly representate of the small re-
gion detectedand not the entire componentSpectralindex is in-
dependenbf the polarisationmeasurementandsoit is relatively
unafectedby the shortintegrationtimes.

The 3CRR sourcesare more luminous, but much of this is
dueto theincreasen the luminosity of their hotspotstheir bridge
structuresareonly afew timesbrighterthanthoseof the 6C/7ClIII
sourcesTo reacha 3s detectionof 7% polarisationon the bridge
structuresatotalintegrationtime of 30 minswasrequiredat5 GHz
and20 minsat 1.4 GHz, split into 3-4 minuteintervalsto improve
uw-coverage.The vastmajority of the sourcesn sampleB andC
hadat leastthis minimum amountof time on source( seeTables3
and4).

Mostobserationsat1.4 GHz usingA arraywereobtainedon
31/07/99AD429). Thedatafrom thisdayis stronglyaffectedby a
thunderstornat the telescopesite duringmostof the obsenations.
Even after removal of bad baselinesand antennaghe noiselevel
in this dataremainedat leasttwice that of the theoreticalvalue.
However, carefulcalibrationand CLEANIng reducecthis effect to
aminimum. SampleA wasmostaffectedby the thunderstornmand
thelack of observingime atall frequenciesHowever, we nd that
theresultsobtainedby Bestet al. (1999)for someof thesourcesn
sampleA arein goodagreementvith our results We aretherefore
con dentthatour datais reliablefor ux esabove the 3s gise level.
We checled the polarisationcalibrationof 31/07/99(AD429) by
comparingwith theB-arraydataat1.4 GHz (for the12 sourceghat
hadB-arraydata)to con rm thatthe PA of bothdatasetsagreedo
within 15degreesn all sourcesThisadditionalcheckallowedusto
ensureghatthe1.4GHz polarisatioranglecalibrationwasaccurate.

The datawerereducedusingthe AIPS software packagepro-
ducedby the NationalRadioAstronomyObsenatory At 1.4 GHz
thetwo IFs werereducedseparatelyproducingindependentbser
vationsat 1665 MHz and 1465 MHz. The reasonfor the separa-
tion is dueto the signi cant rotation of the polarisationanglebe-
tweenthe two frequencieslf the two frequencieswere not sep-
aratedthen there would be somedegree of arti cial depolarisa-
tion at 1.4 GHz; this wasnot a problemat 4.8 GHz. Eachsource
wasthenCLEANedusingIMAGR, anAlPS task,andthenimproved
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Table 2. Detailsof the VLA obsenrationsfor sampleA with theintegration
timesincluded.SeeTables3 and4 for samplesB andC respectiely.

Source  Array  Frequeng Bandwidth Observing Int.
Cong. (MHz) (MHz) Program (min)

6C0943+39 A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 20/05/01(AD444) 31

6C1011+36 A 1465,1665 25 31/07/99(AD429) 16
B 1452,1652 25 20/05/01(AD444) 17

B 4885,4535 50 25/02/97(AL397) 21

4885,4535 50 20/05/01(AD444) 30

C 4885,4535 50 12/06/00(AD429) 20

6C1018+37 A 1465,1665 25 31/07/99(AD429) 16
B 1452,1652 25 20/05/01(AD444) 17

B 4885,4535 50 20/05/01(AD444) 31

Cc 4885,4535 50 12/06/00(AD429) 20

6C1129+37 A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 20/05/01(AD444) 17

4885,4535 50 25/02/97(AL397) 21

6C1256+36 A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 27/02/93(AR287) 15

6C1257+36 A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 20/05/01(AD444) 16

4885,4535 50 25/02/97(AL397) 22

7C1745+642A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 20/05/01(AD444) 11

4885,4535 50 23/11/97(AL401) 31

7C1801+690A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 26/03/96(AB978) 29

4885,4535 50 23/11/97(AL401) 17

7C1813+684A 1465,1665 25 31/07/99(AD429) 16
B 1452,1652 25 20/05/01(AD444) 16

B 4885,4535 50 20/05/01(AD444) 39

4885,4535 50 23/11/97(AL401) 19

C 4885,4535 50 12/06/00(AD429) 20

by two cycles of phaseself-calibrationfollowed by amplitude-
phaseself-calibrationFor sourcedargerthan12 theuv-datafrom
the low resolutionarray con gurationswere self-calibratedusing
sourcemodelsresultingfrom the high resolutionarraysto elimi-
natepositionaldiscrepanciesThe combineddatasetwasthency-
cledthroughanotheroundof amplitude-phasealibration.

In mary casewve usedVLA archie data.Table5 listsarticles
containingthis previously publisheddata.To maintainthe consis-
teng of our samplesve re-analyseall thedata.

2.3 Map production

Total intensity mapswere madefrom the Stokes | parameterst
eachfrequeng. Polarisationmapswere alsomadeat all frequen-
ciesby combiningthe StokesQ andU polarisationparametersA
mapwasthenproducedhatcontainedhepolarisedux, P Q2
U2 1 2 andtheelectric eld positionangle,PA 05tan 1 ¥ at
a given frequeng. The AIPS task POLCO was usedto correctfor
Riceanbias,which ariseswhenthe StokesQ andU mapsarecom-
binedwithoutremaring noise-dominategixels. By carefulsetting
of the PCUT parametethis biaswasremoved. All mapsonly con-
tain pixelswherethe polarised ux andthetotal intensity ux are
above 5 noiseat4.8 GHz and3s noiseat 1.4 GHz. Thelower thresh-
old at 1.4 GHz was necessanpecausethe 1.4 GHz datahad a
highernoiselevel, soblanking ux belov 5s resultedin largere-
gionsof polarisedux beinglost.

At all frequencieghe individual mapswere madesuchthat
the beamsize, the cell size of the image and the coordinatesof
the obsenationswere exactly the same.lf ary of theseproperties
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Figure 2. Linear size-redshiftplots of the 3 subsamplesisedin the obserations.Symbolsasin Figure 1. Figure (a) assumesi,
50kms Mpc 1, andW, 035W 065.

Whn  05,W 0. Figure(b) assumesi,

Table 3. Detailsof the VLA obsenrationsfor sampleB

Projected linear size (kpc)

Source Array  Frequeng  Bandwidth Observing Int.
Cong. (MHz) (MHz) Program (min)

3C65 A 1465,1665 25 31/07/99(AD429) 16
B 4885,4535 50 20/05/01(AD444) 20
3C68.1 A 1417,1652 25 31/07/99(AD429) 16
B 1417,1652 25 13/07/86(AL113) 20

B 4885,4535 50 19/07/86(AB369) 300

C 4885,4535 50 12/06/00(AD429) 20

3C252 A 1465,1665 25 31/07/99(AD429) 16
B 1465,1665 25 20/05/01(AD444) 27

B 4885,4535 50 19/07/86(AB369) 97

C 4885,4535 50 12/06/00(AD429) 20

3C265 A 1417,1652 25 31/07/99(AD429) 16
B 1417,1652 25 13/07/86(AL113) 30

B 4873,4823 50 17/12/83(AM224) 238

C 4873,4823 50 12/06/00(AD429) 20

3C267 A 1465,1665 25 31/07/99(AD429) 16
B 4873,4823 50 17/12/83(AM224) 56
3C268.1 A 1417,1652 25 31/07/99(AD429) 16
B 1417,1652 25 13/07/86(AL113) 30

B 4885,4835 50 15/08/88(AR166) 20
4885,4835 50 01/06/85(AR123) 21

C 4885,4835 50 06/11/86(AL124) 102

3C280 A 1465,1665 25 31/07/99(AD429) 16
B 4873,4823 50 17/12/83(AM224) 46

3C324 A 1465,1665 25 31/07/99(AD429) 16
B 4873,4823 50 17/12/83(AM224) 51
4C16.49 A 1465,1652 25 31/07/99(AD429) 16
B 4885,4535 50 04/03/97(AB796) 30

of the mapdiffered betweenfrequencieghenthe resultantmulti-
frequeny mapwould containfalsestructureshatwould bedirectly
relatedto the mis-alignmenbf themaps.To malke surethatthe co-
ordinategandcell size)werealwayswithin acceptabldolerances
the AIPS taskHGEOM was usedto realignmapsat onefrequeny
to mapsat anotherfrequeng. In sourcesvhereanidenti able core
exists at bothfrequenciesthe corepositionswereusedasa check
on the alignmentfrom HGEOM. In generaHGEOM is adequaten
aligning the multi-frequeng data.Sourceswith a distinct core at
all frequencieswvere alignedwithin 0.03”, whereno core existed
the hotspotswverealignedwithin 0.045”.In 4 sourceshis wasnot

1500

1000

C 1 L 1 L 1 L 1

0.6 0.8

N
N

redshift
50 kms *Mpc 1, and

sufcient. 3C68.1hadto be shifted 0.05” eastand 0.07” north,
3C265hadto be shifted 0.04” westand 0.02” north, 3C299had
to be shifted0.1” eastand0.03" northand nally 3C16hadto be
shifted 0.1” eastand 0.1" north. All shifts were appliedto the 5
GHz obsenations.

We de ne the spectralindex , a, by S, p n?. Spectralindex
mapsweremadebetweent.8 GHz and1.4 GHz.

Depolarisatiordepend®ntheamountof polarisedux attwo
frequenciedut alsoon the total intensity ux atthe sametwo fre-
guencieslt is de ned as:
PR
PR @
wherethe PR, is the fractional polarisation (polarised ux)/(total
intensity ux) ata given frequeng, n. We derived depolarisation
mapsfor eachsource The depolarisatiorvaluesgivenin Tables6
to 9 areaveragevaluesof the depolarisatiorof sourcecomponents

Rotationmeasurds relatedto the degree of rotation of the
polarisationpositionangleover a setfrequeng range,in our case
from 1.4 GHz to 4.8 GHz. The rotationmeasureRM, in the ob-
senersframeof referencedepend®on the electrondensity ne, the
componentof the magnetic eld alongthe line of sight, B , the
wavelengthof theobserations,| , andthe pathlength,|.

radm 2

@)
®)

wherePA is theobsenredpolarisatiorpositionangleof asourceand
PA istheinitial polarisationanglebeforeary rotation. Threefre-
quencieg1.4GHz, 1.6 GHz and4.8 GHz) wereusedto overcome
thenp ambiguitieswhen tting to the obseredpolarisationangles
(Simard-Normandirtal., 1981;Rudnicketal., 1983).Thusdepo-
larisationmeasurementdependn obserationsatonly 2 frequen-
cieswhereasotationmeasur@epend®ndataatall 3 obseredfre-
quencies(i.e.consideringhetwo 1.4 GHz IFs separately)making
it more sensitve to the level of polarisationobseredin a source.
This meantthatin somecasede.g.3C16, Figure 21) therewere
depolarisatiormeasurementi onelobe but therewas no corre-
spondingrotationmeasure.

The rotation measuremaps of 7C1813+684,3C65 and
3C268.1containedbviousjumpsin positionanglewhich we were

D
RM 81 10° n.Bdl
0

PAl PA RM?
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not ableto remove. Plotsanalogougo Figures30 to 32 indicated
thattherewereregionsthat olviously containederrorscausedoy

np ambiguities As previously notedthe A arrayAD429 datawas
problematicand this wasfound to be the causeof the jumps.To

overcomethis problemwe shiftedthe positionanglesat 1.4 GHz

datadown by 10to 15 degreeswhenthe PA mapswereproduced.
Thisresohedary ambiguities.

Table4 shavs thatall sourcesn sampleC wereobseredwith
IFs separatedy only 50 MHz or lessat around1.4 GHz. This
meanghatthey werenotwell enoughseparatedt1.4GHzto over-
comethenp ambiguities To compensatéor thislack of separation
the 4.8 GHz obsenrationsweresplit into their two componenfre-
guencies4885MHz and4535MHz. We thenused4 frequencies
for the t insteadof 3, but we are still only maginally sensitve
to np jumps. The resultingrotation measuranapscover the same
frequeng rangeassamplesA andB but usedifferentfrequencies
for the t. Thiswasnot possiblein the caseof 3C351and3C299,
resultingin larger uncertaintiesn the rotation measurementfor
thesesourcesln the caseof SampleC ary sourcethathasa large
rangeof rotationmeasure$ 80radm 2), the AIPS taskRM will
force the rotation measurento arange 40 radm 2 aroundthe
meanrotationmeasureThis is dueto the lack of frequeng sep-
arationat 1.4 GHz andit cancausejumps.In the caseof 3C457
thesgjumpswereserereandwe wereunableto resolhe them.The
rotationmeasureandmagneticeld mapsfor this sourcewerenot
includedin theanalysisTherotationmeasurevariessmoothlyover
all othersourcesn thissample Theerroraffectstheabsolutevalue
of the rotationmeasuredor eachsourceandthereforeit doesnot
affectthedifferencan therotationmeasuredRM andthermsvari-
ationin therotationmeasuresr.

All rotationmeasurenapscontainpixelsonly wherepolarised
ux wasobsenred at levels abore 3s hpise at all threefrequencies.
We chosethe lower noisethresholdto allow for a larger coverage
of RM measuremeniverthelobes.However, evenwith thislower
thresholdtherewerestill a few sourcesvheretherewasvery little
to norotationmeasurebsened.

All depolarisationspectraindex, rotationmeasureandmag-
netic eld direction mapswere overlayedwith contoursof total
intensityat4.8 GHz.

Tables6 to 9 givethetotal ux, percentagg@olarisedux both
at 1.4 GHz and4.8 GHz, the depolarisationfotationmeasureand
spectralindex, betweenl.4 GHz and4.8 GHz. All propertiesare
averagedover sourcecomponentdik e the sourcecore or individ-
ual lobesandgivenin the obserers frame of referenceThis av-
eragingreduceshe effect of the noisefeaturesseenin the maps.
Thetotal ux, polarised ux androtation measurevaluesarethe
averagedraluesdeterminedrom the mapswith the AIPS taskTVS-
TAT. Percentag@olarisationdepolarisatiorandspectraindex are
thencalculatedrom theseaveragevalues All integratedquantities
in Tables6 to 9 are calculatedexcluding pixels belov the 3s neise
threshold.

3 THE RESULTS

In Figures3 to 29, mapsof the radio propertiesdiscussedabove

are presentedor all the sourcesrom the 3 samplesEach gure

shavs thedepolarisatioomap(wherethe polarisationwasdetected
at all frequencies)the spectralindex map, the rotation measure
mapandthemagneticeld directionmap(whenarotationmeasure
is detected)jf no previously publishedmapsexist. For the three
7CsourcesfC1018+373C65,3C267and3C46polarisatiormaps
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Table 4. Detailsof the VLA obsenrationsfor sampleC

Source Array  Frequeng Bandwidth Observing Int.
Con g. (MHz) (MHz) Program (min)
3C16 A 1452,1502 25 14/09/87(AL146) 59

B 1452,1502 25
B 4885,4535 50
4885,4535 50

25/11/87(AL146) 39
20/05/01(AD444) 20
17/11/87(AH271) 10

C 4885,4535 50 12/06/00(AD429) 20

3C42 A 1452,1502 25 14/09/87(AL146) 40
B 4885,4535 50 23/12/91(AF213) 67

3C46 A 1452,1502 25 31/07/99(AD429) 16
B 1452,1502 25 25/11/87(AL146) 35

B 4885,4535 50 20/05/01(AD444) 20

C 4885,4535 50 12/06/00(AD429) 20

3C299 A 1452,1502 25 31/07/99(AD429) 16
B 4835,4535 50 20/05/01(AD444) 15
4885,4835 50 28/01/98(AP331) 15

3C341 A 1452,1502 25 14/09/87(AL146) 38
B 1452,1502 25 25/11/87(AL146) 47

B 4885,4535 50 20/05/01(AD444) 11
4935,4535 50 26/10/92(AA133) 25

C 4885,4535 50 12/06/00(AD429) 20

3C351 A 1452,1502 25 31/07/99(AD429) 16
B 1452,1502 25 25/11/87(AL146) 56

B 4885,4835 50 19/07/86(AB369) 12
4885,4535 50 20/5/01(AD444) 16

C 4885,4835 50 09/10/87(AA64) 22

3C457 A 1452,1502 25 31/07/99(AD429) 16
B 1452,1502 25 25/11/87(AL146) 30

B 4885,4535 50 20/05/01(AD444) 50

C 4885,4535 50 12/06/00(AD429) 20
4C14.27 A 1452,1502 25 14/09/87(AL146) 28
B 4885,4535 50 20/05/01(AD444) 17

have alsobeenincludedfor both1.4GHz and4.8 GHz asthereare
no publishedobolarisatiormapsof thesesourcesTable5 containsa
listing of publishedmapsfor all sourceslin all caseonly regions
from the top end of the grey- scalessaturate aswe have always
keptthelowestvalueswell insidethe grey-scalesto ensurehatno
informationhasbeenlost.

In orderto checkthe quality of our mapswe also usedthe
maximumentrogy methodimplementedn the AIPS taskVTESS
insteadof the CLEAN algorithm. The resultingmapsare not sig-
ni cantly differentfrom thoseproducedy the CLEAN algorithm.
In fact, VTESSis notnecessarilyuperiorto CLEAN in producing
accuratenapsof extendedow surfacebrightnessegions(Rupen,
1997).

Depolarisatiorshadws (regions wherethe depolarisatioris
appreciablygreaterthanin the surroundingarea)areseenin afew
sourcese.g.Figure 19, andmay bereal featuresThesewere rst
found by Fomalontet al. (1989)in a studyof FornaxA. Depolar
isationshadas canbe causeddy the parentgalaxyasin the case
of 3C324or by anexternalgalaxyin the foregroundof the source,
causingadepolarisingsilhouette(Bestetal., 1997b).

Polarisationranglemeasurementareambiguousdy np and
this canintroduceambiguitiesin the rotation measureA change
of p betweenl.4 GHz and5 GHz introducedby the tting algo-
rithm will causea changeof 80radm 2 in rotationmeasure.
To determineif ary strongrotation measurdeatureis real a plot
of the polarisationangleagainst 2, including np ambiguitiescan
be produced.The best t from AIPS is then overlayed.Any true
featurewill notshav ary errorsin np. This hasbeendonefor two
sources4C16.49and6C1256+36Theresulting ts arepresented
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in Figures30to 32 andwill be discussedn the relevant noteson
thesesourcesThecorresponding? valuesfor the ts aretabulated
in Table8. Anothertestthata featureis realis thata truejumpin
rotationmeasureausesiepolarisatiomearthe jump but the mag-
netic eld mapshavs no correspondingump in theregion.

3.1 Noteson the individual sources:
3.1.1 SampleA:

6C0943+39: (Figure 3) No coreis detectedn the obserations,
Bestetal. (1999)detectedh coreat 8.2 GHz andminimally at 4.8
GHz. Our non-detections probablydueto the differentresolution
of the data.The value of the rotationmeasuren the Easternlobe
mustbeconsideredvith cautionasit is basedn only afew pixels.

6C1011+36: (Figure 4) This is a classicdouble-lobedstructure,
shawing astrongcoreatboth4.7 GHzand1.4GHzwith aninverted
spectrum.

6C1018+37: (Figure5) The mapsweremadewith the smallerar
raysonly at eachfrequeng. In the 1.4 GHz A-array datasetthe
lower lobe waspatrtially resoled out but this wascompoundedby
the high noise,so no feasiblecombinationof the A andB array
was possible.To maintainconsisteng the B-array 4.7 GHz data
wasalsoexcluded.

6C1129+37: (Figure 6) The SE lobe contains two distinct
hotspots.Bestet al. (1999) found 3 hotspots.Our non-detection

is probablydueto the differentresolutionof thetwo obserations.
The sourceshaws distinct regions of very strongdepolarisations,
however theseregionsareslightly smallerthanthe beamsize.

6C1256+36: (Figure7) The rotationmeasurenap shavs distinct
changesn the valuesof the rotationmeasurePlot 32 shavs that
althoughthe jump in RM doesnot correspondo a jump in depo-
larisationit is notdueto ary errorin the tting program.

6C1257+37: (Figure8) A corewasdetectedat 4.7 GHz but was
absentfrom the 1.4 GHz data.The high noiselevel and shortob-
senation time meantthat the S lobe hadvery little polarised ux
above the noiselevel, resultingin a reliable valuefor the rotation
measuréeingfoundin only afew pixelsaroundthe hotspots.

7C1745+642: (Figure9) Thisis a highly coredominatedsource,
with the northernlobe appearingaintly. Thereis anindicationof
a jet-like structureleadingdown from the coreinto the southern,
highly extended off-axis, lobe. The sourceis a weak core domi-
natedquasaiBarkhouse& Hall, 2001b).

7C1801+690: (Figure 10) This is an asymmetriccoredominated
quasar(Barkhouse& Hall, 2001b).The N lobe is very faint and
appeardo be much closerto the core componenthanthe more
extendedsS lobe. It shavs very little polarisationcomparedo the
relatively strongpolarisationof the coreandS components.

7C1813+684: (Figure 11) This is the faintestof the sourcesin
sampleA andis also a quasar(Barkhouse& Hall, 2001b).The

¢ 2002RAS, MNRAS 000, 1-33
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sourceshavs a compactcorethatis presentat all observingfre-
quencieshut it is too faintto detectary reliablepolarisationprop-
erties.

3.1.2 SampleB:

3C65: (Figure 12) The W lobe shawvs a strong depolarisation
shadev thatis smallerthanthe beamsize.Best(2000)found the

¢ 2002RAS, MNRAS 000, 1-33

sourceto lie in a clusterwhich might accountfor the presencef
thedepolarisatiorshadev andthelarge depolarisatioroverall.

3C68.1: (Figure13) Thesources aquasalBridle etal., 1994).A
corehasheendetectecdby Bridle et al. (1994)in deeperobsena-
tions.

3C252: (Figure14) The SElobe shavs a sharpdropin the polari-
sationbetweerthe4.7 GHz and1.4 GHz obsenrations.
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3C265: (Figure 15) The NW lobe shaws evidenceof a compact,
bright region with a highly orderedmagnetic eld which Fernini
etal. (1993)shaw is the primaryhotspotat higherresolutions.

3C267: (Figurel6) TheE lobeis highly extendedreachingo the
coreposition,which canbe seenin the 1.4 GHz image.Thelarge
depolarisatiorregion in the W lobe coincideswith a region of no
obseredrotationmeasureThe coreis stronglyinvertedwith a
048

3C268.1: (Figure 17) The averagespectralindex over the entire
sourceis a 0 66 which is rather at but taking the 4.8 GHz

datafrom Gregory & Condon(1991)and1.4 GHz datafrom Laing
& PeacocK1980)thevalueis very similar, a 0 68.

3C280: (Figure18) Thevalueof therotationmeasurendthemag-
netic eld directionin the E lobe mustbetreatedwith cautionasit

isbasednonly asmallregionof theentirelobe. Thesharpchanges
in therotationmeasurenaparenot seenin themagneticeld map
and the depolarisatiormap shawvs a similar structuresuggesting
thatis notduea tting error.

¢ 2002RAS, MNRAS 000, 1-33
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3C324: (Figure19) The NE lobe shaws evidenceof a depolarisa-
tion shadev. Best(2000)foundthe sourceto lie in a clusterwhich
may explain thefaintshadaev.

4C16.49: (Figure 20) The sourceis a quasarnBarkhouse& Hall,
2001b),thatshavs a strongradio core, jet structureandpossiblya
small counterjet. The sourceis highly asymmetriowith the lower
lobe almostappearingo connectto the core.It hasa very steep
spectralindex, a 1 0 makingit anatypicalsource Figures30

¢ 2002RAS, MNRAS 000, 1-33

and31 demonstratethatthe sharpchangesn therotationmeasure
maparenotdueto ary tting errors.

3.1.3 SampleC:

3C16: (Figure21) The sourceshaws a strongSW lobe, with are-

laxedNE lobe. The SW lobe shavs a strongdepolarisatiorfeature
thatis narraver thanthe beamsize. The strongrotationmeasure
featureis evidentin the depolarisatiormap but not the magnetic
eld map,indicatingthatit is not anerrorin the tting program.
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All contours(c-f) areat5s at4860MHz(0.8 mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 2.0” x 1.5".

No value for the rotation measurewas obtainedfor the NE lobe
because¢he polarisationobseredwastoo weak.

3C42: (Figure22) The corewasdetectedat 4.7 GHz but wasab-
sentat the lower frequenciesThe sourcehasbeenobseredto lie
in a small clusterby de Vries et al. (2000). Fernini et al. (1997)
obsered thatthe N hotspotwas doublebut this is not evidentin
our obsenationswhich canbe attributedto the differencesn the
resolutionsof thetwo obsenrations.

3C46: (Figure23) The sourcehasa prominentcoreat 4710MHz
but it is indistinguishabldrom the extendedobe at 1452MHz.

3C341: (Figure24) The sourceis a classicdoublewith aresohed
jet-like structurerunninginto the SWlobe. Thejet is morepromi-
nentin thehigherfrequeny obsenationsthanatthelowerfrequen-
cies.

3C351: (Figure25) Thesources anextendedanddistortedquasar

(Bridle et al., 1994).Both lobesexpandout to envelopethe core.
The NE lobeis highly extended off-axis andshavs two very dis-
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tinct hotspotsThedepolarisatiorincreasesowardsthe morecom-
pactSW lobe enforcingthe ideathat the ervironmentaroundthe
SW lobe is denser stoppingthe expansionseenin the NE lobe.

Thereis evidenceof a rotation measureidge in the NE hotspots
which correspondso a narrav ridge of depolarisatiorbut thereis

no correspondinghiftin themagneticeld map.

3C457: (Figure 26) The SW lobe shavs a prominent double
hotspot.The small compactobjectjust southof the SW hotspots
is mostlikely an unrelatedbackgroundobject. The invertedcore
wasobsered to be presentat all frequenciesThis sourcehasno

rotationmeasureanapor magnetic eld measurenapaswe were
unableto remove all np ambiguitiedrom this source Thiswasdue
to the small separatiorof observingfrequenciesaround1.4 GHz

and5 GHz, seeSection2.3

3C299: (Figure27) The sourceis the leastluminousin all of the
samplesThe sourceshavs a large changein rotationmeasuree-
tweenthelobesbut thedifferences probablydueto thesmallnum-
berof pixelswith rotationmeasurénformationin the NE lobe.
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Figure 13. Mapsof theradiosource3C68.1 (a- upperleft) Map of thedepolarisatioetwee710MHz and1417MHz. (b - upperright) Map of thespectral
index betweerd710MHz and1417 MHz. (c - lower right) Map of the magneticeld direction(degrees).(d - lower left) Map of the rotationmeasurerad
m 2) betweerd710MHz, 1662MHz and1417MHz. All contoursareat5s at4710MHz (2.0mJybeam 1)x (-1, 1,2, 4...,1024) Beamsizeof 3.5” x 3.5".
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Figure 14. Mapsof theradio source3C252. (a - top left) Map of the depolarisatiorbetweerd710MHz and1465MHz. (b - top right) Map of the spectral
index betweerd710MHz and1465MHz. (c - bottomleft) Map of therotationmeasurdradm 2) betweerd710MHz, 1665MHz and1465MHz. (d - bottom
right) Map of themagneticeld direction(degrees)All contoursareat5s at4710MHz (0.4mJybeam 1)x (-1,1, 2, 4...,1024) Beamsizeof 2.0" x 2.5".

4C14.27: (Figure 29) Thereis no core detectedat ary frequeny
evenin abetterquality mapby Leahy& Perley (1991).

4 DISCUSSION

Table 10 shavs the averageof the variousobsenred propertiesof
eachof thesamplesTheaveragewascalculatedy takingtheprop-

ertiesof both lobesin eachsource,averagingthemtogetherand %g

then averagingthesevaluesover the sample.Differential proper
ties, e.g.the differenceof rotationmeasuredRM, werecalculated
by takingthedifferenceof therespectie propertybetweerthetwo
lobesof eachsourceandthenaveragingthesevaluesover the en-
tire sample Thesesample-geragedoropertieggive very simplein-
dicatorsof trendsbetweersamplesand hencereveal the strongest
correlationsof sourcepropertieswith redshiftand/orradio power.
Wewill presenamoreextensie statisticalanalysisof thesecorre-
lationsin aforthcomingpaper

4.1 The location of the Faraday screen

The obsened rotationmeasureRM, anddegreeof polarisationin
a sourcemay be causedby plasmaeitherinsidethe radio source
itself (internal depolarisationpr by a Faradayscreenin between
the sourceandthe obserer (externaldepolarisation)In the latter
casethe screermaybelocal to the radio sourceor within our own
Galaxy or both. Only in the caseof an external Faradayscreen
local to theradio sourcedo our measurementsontaininformation
onthesourceenvironment.

TheaverageRM we obsere in our sourcess consistentvith
a Galacticorigin (Leahy, 1987). This is also consistentwith the
absenc®f ary signi cant differencesf RM betweerour samples
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Figure 28. Plot of the FaradaydispersionD againsthe rmsof therotation
measure$or eachsource.

(seeTable10). However, we obsere large variationsof RM within
individuallobesonsmallangularscalesTheseareprobablycaused
by a Faradayscreenlocal to the source(Leahy,1987) andthere-
fore mustbe correctedor the sourceredshiftby multiplying dRM
andsrm by afactor 1z 2 to allow avalid comparisorbetween
sourcesThe variationof RM on large angularscales(10sof arc-
seconds)i.e. betweerthetwo lobesof a source dRM, maystill be
somevhatin uencedby the GalacticFaradayscreenNevertheless,
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Figure 15. Mapsof the radio source3C265(a - top left) Map of the depolarisatiorbetweerd848MHz and1417MHz. (b - top right) Map of the spectral
index betweer848MHz and1417MHz. (c - bottomleft) Map of therotationmeasurdradm 2) betweerd848MHz, 1662MHz and1417MHz. (d - bottom

right) Map of themagneticeld direction(degrees)All contoursareat5s at4848MHz (0.7 mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 3.5" x 3.0”.

Table 6. Propertiesof the sampleA radio sourcecomponentsErrors are 5% or lessunlessstatedotherwise.The spectralindicesare the meanvaluesfor
eachcomponentcalculatecbetweerapproximately4d800MHz and1465MHz. The depolarisatiormeasuresrethe meanvaluesof theratio of thefractional
polarisationbetweerapproximately4800MHz and1465MHz for eachcomponentTherotationmeasuresrethe meanvaluesbetweerapproximately4710
MHz, 1665MHz and1465MHz andarequotedin the obserer's frameof referenceThe FaradaydispersionD, is givenin Equation5. s gy is thermsin the
rotationmeasureAll meanvaluestake into accountpixelsabore 5sms at4.7 GHz andabove 3syns at 1.4 GHz.

Source

6C0943

6C1011

6C1018

6C1129

6C1256

6C1257

7C1745

7C1801

7C1813

37

36

37

37

36

36

642

690

684

wzZzms

Core

SwW
Core
NW
SE
NE
SW
NW
SE
Core

Core

Core

NE
SW
Core

Component Total

Flux
4710MHz
(mJy)
31.0
42.0
44.3
18.7
3.22
46.4
28.7
0.63 02
46.5
73.2
57.8
101.4
43.5
20.5
0.29 008
235
84.1
33.8
8.8 3
79.1
28.7
15.0
30.2
3.32

Percentage
Polarisation

4710MHz
%
11.8
2.7
7.8
12.2

10.0
7.0
7.3
16.3
10.4
8.9
17.0
9.8
9.6
4.9
8.6
3.0
18
10.0
7.7
8.4

Total
Flux
1465MHz
(mdy)
71.7
136.4
119.6
50.9
0.7 05
125.8
76.3
129.1
215.0
148.9
288.5
102.2
73.0
64.5
69.4
98.5
28.2
78.4
75.8
44.8
78.1
2.65

Percentage

Polarisation

1465MHz

%

5.4
0.7
5.1
11.5
8.1
2.9
2.9
3.2
7.7
8.8
13.4
5.2
5.2
2.9
9.5
2.7
4.0
7.2
9.5
7.4

Rotation
Measure
RM
(radm 2)
16 2
-19.1 6
30.8 5
126 4

0.85 3
11.2 2
-193 4
0.08 3
59 3
154 3
-115.3 9
-115.6 10

65.4 4
128 3
448 3
30.3 3
20.8 2
139 3
-68.4 7

Spectral
Index
a

-0.72
-1.01
-0.88
-0.89
1.35
-0.85
-0.84

-0.85
-0.90
-0.79
-0.87
-0.71
-1.06

-0.86
0.16 01
-0.91
-0.97
0.007
-0.81
-0.92
-0.79
0.19 01

Depolarisation
Measure

DM#®

2.19
3.86
1.53
1.06

1.23
241
251
5.09
1.35
1.01
1.27
1.88
1.85
1.69
0.91
111
0.45
1.39
0.81
1.14

D

(radm 2)

15.01
19.7
111

4.1

7.71
15.9
16.3
21.61
9.3
1.7
8.3
135

13.3
12.3

5.5

9.7

6.1

Average

SRM

(radm 2)
16.1
101.4
12.8
10.1
6.1
2.9
54.0
22.0
21.8
14.0
10.0
16.0

20.9
3.1
16.0
1.80
10.0
85.0
41.7
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Figure 16. Mapsof theradiosource3C267. (a- upperleft) 4848 MHz total intensitymapwith vectorsof polarisationoverlaid. The contourlevelsareat 5s
(0.8 mJybeam 1)x (-1, 1, 2, 4...,1024).1 arc secondcorrespondso 8 3 10 3Jybeam?. (b - upperright) 1465MHz total intensitymapwith vectorsof
polarisationoverlaid. The contourlevelsareat3s (1.3mJybeam 1)x (-1, 1,2, 4...,1024).1 arcseconctorrespondso 8 3 10 3Jybeam®. (c - middleleft)
Map of the depolarisatiorbetweerd848 MHz and 1465MHz. (d - middle right) Map of the spectralindex betweerd848MHz and1465MHz. (e - bottom
left) Map of therotationmeasurdradm 2) betweerd848MHz, 1665MHz and1465MHz. (f - bottomright) Map of themagneticeld direction(degrees).
All contourg(c-f)areat5s at4848MHz (0.8mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 2.2” x 2.0".
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Figure 17. Mapsof theradio source3C268.1(a - top left) Map of the depolarisatiorbetweem848MHz and1417MHz. (b - top right) Map of the spectral
index betweer848MHz and1417MHz. (c - bottomleft) Map of therotationmeasurdradm 2) betweerd848MHz, 1662MHz and1417MHz. (d - bottom
right) Map of themagneticeld direction(degrees)All contoursareat5s (5.2mJdybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 4.0” x 3.5".
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Figure 18. Mapsof the radio source3C280. (a - top left) Map of the depolarisatiorbetweer4848MHz and1465MHz. (b - top right) Map of the spectral
index betweer848MHz and1465MHz. (c - bottomleft) Map of therotationmeasurdradm 2) betweerd848MHz, 1665MHz and1465MHz. (d - bottom
right) Map of themagneticeld direction(degrees)All contoursareat5s at4848MHz (0.8 mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 1.6” x 1.6”.

Figure 19. Mapsof theradio source3C324. (a - top left) Map of the depolarisatiorbetweerd848MHz and1465MHz. (b - top right) Map of the spectral
index betweer848MHz and1465MHz. (c - bottomleft) Map of therotationmeasurdradm 2) betweerd848MHz, 1665MHz and1465MHz. (d - bottom
right) Map of themagneticeld direction(degrees)All contoursareat5s at4848MHz (1.5mJybeam 1)x (-1,1, 2, 4...,1024) Beamsizeof 2.2" x 1.6".
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Figure 20. Mapsof theradio source4C16.49 (a - upperleft) Map of the depolarisatiorbetweerd710MHz and 1465MHz. (b - upperright) Map of the
spectraindex betweerd710MHz and1465MHz. (c - lower right) Map of themagneticeld direction(degrees)(d - lower left) Map of therotationmeasure
(radm 2) betweerd710MHz, 1665MHz and1465MHz. All contoursareat5s at4710MHz (0.8mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 2.2” x
k8002RAS, MNRAS 000, 1-33
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Figure 21. Mapsof theradiosource3C16 (a- upperleft) Map of thedepolarisatiorbetweerd710MHz and1452MHz. (b - upperright) Map of the spectral
index betweerd710MHz and1452MHz. (c - lower right) Map of the magneticeld direction(degrees).(d - lower left) Map of the rotationmeasurerad

m 2) betweerd885MHz, 4535MHz, 1502MHz and1452MHz. All contoursareat5s at4710MHz (0.40mJybeam 1)x( 1,1,2,4...,1024) Beamsizeof
3 5"x 3.5". OOZRAS MNRAS 000, 1-33
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Figure 22.Mapsof theradiosource3C42. (a- upperleft) Map of thedepolarisatiorbetweerd710MHz and1452MHz. (b - upperright) Map of the spectral
index betweend710MHz and 1465MHz. (c - lower right) Map of the magneticeld direction(degrees).(d - lower left) Map of the rotationmeasurerad
m 2) betweerd885MHz, 4535MHz, 1502MHz and1452MHz. All contoursareat5s at4710MHz (1.0mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof

2.5"x1.8"

thelargevariationsof RM foundon arcsecondcalesmeasuredby
SRM Suggesanorigin local to the source.

Theobsered degreeof depolarisatiorin a sourcedepend®on
thedistribution of the Faradaydepthscoveredby theprojectedarea
of thetelescopédeam,i.e. thevariationof RM on the smallestan-
gular scales.We thereforeassumethat the depolarisationin our
sourcess causeddy plasmalocal to the sourceslf the depolari-
sationis causedy alocal but externalFaradayscreerandthedis-
tribution of Faradaydepthsn this screeris Gaussiamwith standard
deviation D, then(e.g.Burn, 1966)

m mexp 201 1 z*% 4

wherem, is the percentaggolarisationat obsened wavelengthl
andmy is theinitial percentag@olarisationbeforeary depolarisa-
tion. Sincewe measurean, attwo observingfrequencieg1.4GHz

¢ 2002RAS, MNRAS 000, 1-33

and4.8GHz), we cansolve equation(4) for D asa functionof the
depolarisatioimeasure,

1 z4nDM48
D = 2 714 radm 2 (5)
214, 14
14 '48

We cannaw, for eachsource,comparethe value of D asde-
rived from the measurediepolarisatiorwith the obsered rms of
therotationmeasurelf the Faradaydispersions lessthantherms
of the rotationmeasurethenour obserationsare consistentwith
anexternalFaradayscreenGarrington& Conway, 1991).

Figure28 displaysthe FaradaydispersionD, for eachlobe of
the sourcesagainsthe rmsof therotationmeasuresbsered. It is
evidentfrom the plot thatthe valueof sgy D for mostcompo-
nents.Thereareafew sourcesvherethis is notthe case However,
thesecomponentselongto sourceswherethe depolarisatioror
rotationmeasuras only determinedeliably for afew pixelssoan
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Figure 23. Mapsof theradio source3C46 (a- upperleft) 4710MHztotal intensitymapwith vectorsof polarisationoverlaid. The contourlevels areat 5s
(0.25mJdybeam Y)x (-1, 1, 2, 4...,1024).1 arc secondcorrespondso 17 10 3Jybeam?. (b - upperright) 1452MHztotal intensitymapwith vectorsof
polarisationoverlaid. The contourlevelsareat3s (1.0mJdybeam 1)x (-1,1, 2, 4,..,1024)1 arcseconccorrespondo 55 10 4Jybeam.(c - middleright)
Map of the depolarisatiorbetweerd710 MHz and1452MHz. (d - middle left) Map of the spectralindex betweerd710MHz and 1452 MHz. (e - bottom
right) Map of therotationmeasurdradm 2) betweem885MHz, 4535MHz, 1502MHz and1452MHz. (f - bottomleft) Map of themagneticeld direction
(degrees) All contours(c-f) areat5s at4710MHz (0.25mJybeam 1)x (-1,1, 2, 4...,1024) Beamsizeof 4.5" x 3.0".

accuratevalueis notobtainablgor sgy or D. Thereis little correla-
tion betweerD ands rim. Thisis astrongindicatorthatthe Faraday
mediumresponsibldor variationsof RM on smallangularscales,
andthusfor the polarisationpropertiesof our sourcesis consistent
with beingexternalbut localto the sources.

4.2 Trendswith redshiftand radio power
4.2.1 Spectal index

Wefoundnosigni cant correlatiorbetweerspectraindex andred-
shift or radio power assuggestedby others(Onuora,1989;Veron
& Veron,1972;Athreya & Kapahi,1999),which usedmuchlarger
samplesThis suggestshetrendmay be presenbut becausef the
factthat our sampleis smallwe do not nd ary signi cant trend.

However therearetrendsfound with the differencein spectralin-
dex betweerthe two lobes.SampleB shaws a larger averagedif-
ferencein the spectralindicesbetweenthe two lobesof a given
sourcethanthe othersamplegSampleA: 2.5, sampleC: 3.3s).
SampleB containsthe sourceswith the highestradio power and
sowe nd thatin our sampleghe differencein spectralindex in-
creaseswith radio power ratherthan with redshift. The trend of
the differencein the spectralindex betweenthe two lobesmay be
relatedto the extra luminosity of the 3CRRhotspotscomparedo
the 6C/7ChotspotgseeSection2.2). On averagewe nd thatthe
hotspotsof our sourceshave shallaver spectralindices.The aver-
agespectralindex integratedover the entiresourceswill therefore
dependon thefraction of emissionfrom the hotspotscomparedo
theextendedobe,thuscreatingthe obseredtrend.
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Figure 24.Mapsof theradiosource3C341. (a- upperleft) Map of thedepolarisatioetweer710MHz and1452MHz. (b - upperright) Map of thespectral
index betweemd710MHz and1452MHz. (c - lower right) Map of the magneticeld direction(degrees).(d - lower left) Map of the rotationmeasurerad
m 2) betweerd885MHz, 4535MHz, 1502MHz and1452MHz. All contoursareat5s at4710MHz (0.7 mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsize of

4.0"x 4.0".

4.2.2 Rotationmeasue

As mentionedabore, we nd no signi cant differencein the av-
erageRM betweenour samplesSimilarly, thereis no statistically
signi cant trendof the differenceof RM betweerthe two lobesof
eachsourcewith redshiftor radio power. This is consistentvith a

Galacticorigin of theRM propertiesof thesourcen largescales.

Onsmallangularscaleghevariationof RM asmeasuredy its rms
variationsry shavs a signi cant trend betweenthe low redshift

¢ 2002RAS, MNRAS 000, 1-33

sample(C) andthe high redshiftsampleqA: 2.6s, B: 3.35). The
exclusionof 3C457dueto np-ambiguitiesin the rotationmeasure
(seesection2.3) from therotationmeasureveragesouldbiasthe
sampleC resultstowardsa smallvalueof sgu. In principle, simi-
lar ambiguitiescould alsoaffect othersourcesn sampleC. How-
ever, asstatedabore we nd therotationmeasureo vary smoothly
acrosgheothersourcesn thissample Theexclusionof onesource
will notremore thetrendwe nd here.Thereis no signi cant dif-
ferencebetweenthe low power sampleA comparedwith the high
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Figure 25.Mapsof theradiosource3C351. (a- upperleft) Map of thedepolarisatiotetweerd810MHz and1452MHz. (b - upperright) Map of thespectral
index betweerd810MHz and1452MHz. (c - lower right) Map of the magneticeld direction(degrees).(d - lower left) Map of the rotationmeasurerad
m 2) betweerd810MHz, 1502MHz and1452MHz. All contoursareat5s at4810MHz (1.0mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 4.5" x 4.0".
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Figure 26. Mapsof the radio source3C457. (a - top left) Map of the depolarisatiorbetweerd710MHz and1452MHz. (b - top right) Map of the spectral
index betweem710MHz and1452MHz. All contoursareat5s at4710MHz (0.3mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 5.0" x 3.0”.

Figure 27.Mapsof theradiosource3C299. (a- left) Map of therotationmeasurdradm 2) betweerd770MHz, 1502MHz and1452MHz. (b - right) Map
of themagneticeld direction(degrees)All contoursareat5s at4770MHz (0.7mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 2.5" x 2.0".

powver sampleB. This suggestghat at leastthe rangeof rotation
measure®n small angularscalesin a sourcedoesdependon the
sourceredshiftandnotthesourceradiopower. In arecentstudyby
Pentericcital. (2000)rotationmeasuravasalsofoundto beinde-
pendenbf sourcduminosityandsizebut dependenbntheredshift
of thesource.

¢ 2002RAS, MNRAS 000, 1-33

4.2.3 Percentaye polarisation

The ux obsered from both lobes of all sourceswas found to
be polarisedat levels greaterthan 1%, the only exceptionsbeing
6C0943+3And3C299.At lower redshiftsthe polarisationexhibits
the largestrangefrom 0.8% in 3C299to 28.0%in 3C341.This
rangeis not evidentin eitherof the othertwo samplesStatistically
the sourcesat low redshift(sampleC) areslightly more polarised
thanthoseat high redshiftbothat 1.4GHz (sampleA: 2.1s, sam-
ple B: 2.3s) but at4.8GHzthereis no signi cant difference There
is no trendobsened comparingthe low radio pover sourcegsam-
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Figure 29. Mapsof theradiosource4C14.27. (a - top left) Map of the depolarisatiorbetweerd710MHz and1452MHz. (b - top right) Map of the spectral
index betweer710MHz and1452MHz. (c - bottomleft) Map of therotationmeasurdradm 2) betweerd885MHz, 4535MHz, 1502MHz and1452MHz.
(d - bottomright) Map of themagneticeld direction(degrees)All contoursareat5s at4710MHz (0.4mJybeam 1)x (-1, 1, 2, 4...,1024) Beamsizeof 2.5”
x 2.0".

Table 7. As Table6 but for sampleB.

Source  Component Total Percentage Total Percentage Rotation Spectral Depolarisation Average SRM
Flux Polarisation Flux Polarisation Measure Index Measure D
4790MHz ~ 4790MHz ~ 1465MHz  1465MHz RM a DM$8
(mJy) % (mJy) % (radm 2) (radm 2) (radm 2)
3C65 W 524.0 19.3 1683.1 5.4 -826 7 -1.0 3.57 19.1 21.4
E 240.9 9.2 800.4 7.2 -86.1 6 -1.03 1.28 8.4 9.7
3C252 NW 178.7 6.4 592.2 5.9 157 6 -1.0 1.08 4.7 20.2
SE 80.0 141 300.5 6.8 585 6 -1.1 2.07 14.5 45.4
Core 1.98 - 1.33 - - 0.33 - - -
3C267 E 184.0 8.9 745.7 6.8 96 3 -1.17 1.31 8.8 24.4
Core 187 1 - 1.05 2 - - 0.48 - - -
w 479.2 35 1294.6 3.3 -215 3 -0.83 1.06 4.1 23.4
3C280 E 326.0 8.0 1219.2 4.4 -37.7 8 -1.01 1.82 131 20.1
w 1289.2 10.0 3191.6 6.5 -75 4 -0.76 1.54 111 1.5
3C324 NE 432.6 9.3 1525.2 5.6 221 4 -1.05 1.66 121 23.0
SW 166.0 7.8 651.8 4.0 430 5 -1.14 1.95 13.9 16.8
4C16 49 N 107.2 8.3 307.2 13.0 43 5 -0.88 0.64 - 56.4
Jet 85 4 14.5 45.9 7.2 30.1 4 -1.41 2.01 14.2 57.2
Core 9.64 2 2.7 58.2 35 - -1.50 0.77 - -
S 142.3 7.0 695.3 6.4 09 3 -1.32 1.09 5.0 56.4
3C681 N 667.2 8.6 1767.4 7.0 -26.6 5 -0.82 1.23 7.7 27.7
S 36.8 114 134.6 6.6 579 2 -1.08 1.73 12.5 59.8
3C265 NW 224.0 10.0 478.7 5.8 422 6 -0.62 1.72 125 21.9
SE 318.9 6.2 835.0 4.2 328 3 -0.78 1.48 10.6 22.8
3C2681 E 262.3 5.0 816.4 34 217 5 -0.92 1.47 105 10.8
w 2296.6 4.7 4699.0 2.7 26.8 6 -0.58 1.74 12.6 13.3
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Figure 33. Averagedepolarisatioragainsiprojectedinearsize(kpc) for all 3 samplesSymbolsasin Figurel. Figure(a)assumesi,
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Figure 30. A plot of the polarisationangle againstl 2, allowing for np,

for the northernlobe of 4C16.49with the dashedines shawing the best
t models.All np solutionsfor the5 GHz dataareconsideredcandplotted.
Datafor two smallregions,oneon eachsideof thejump areplottedwith o

indicatingonesideof thejump andx the other Table8 shaw thec? values
for eacht. Thejump plottedlies SW of the centralintensitycontour

ple A) with the high power objects(sampleB). This suggestshat
percentag@olarisationdecreasefor increasingedshiftbut is less
dependenbn radiopower.

Sofarwe consideregercentag@olarisationsneasuredh the
observingrame.We arguein sectiord. 1thatvariationsof therota-
tion measur®n smallangularscalesvhich determineghedegreeof
polarisatiorarecausedn Faradayscreengocalto thesourcesThe
trendwith redshiftmaythereforesimply re ect the differentshifts
of the observingfrequeng in the sourcerestframefor sourcesat
low and high redshift.Using Burn's law in the form of equations
(4) and (5) we candeterminefor eachsourcethe percentageo-
larisationexpectedto be obsenrable at a frequeng corresponding
to a wavelengthof 5cm in its restframe.The resultsfor individ-
ual sourcesarepresentedn Table11 andthe sampleaveragesare
summarisedn Table12. Again sourcesat low redshift(sampleC)
are slightly more polarisedthan sourcesat high redshiftbut only
sampleB (2.1s) shaws a resultthatis mamginally signi cant. As
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Figure 31. As Figure 30 but for 4C16.49southlobe.Datafor two small
regions,oneon eachside of the jump areplotted. Theseregionslie either
sideof thejump southof the peakintensitycontour
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Figure 32. As Figure 30 but for 6C1256+36southlobe.Datafor two small
regions,oneon eachsideof thejump areplotted.
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Table 5. Details of previously publishedmaps.TI = total intensity P =
polarisation S = spectraindex & D = depolarisation

Source Map Freq. Ref.
(GHz)
6C0943+39 P 4.8 Bestetal. (1999)
6C1011+36 P 4.8 Bestetal. (1999)
TI 1.4 Law-Greenetal. (1995)
6C1129+37 P 4.8 Bestetal. (1999)
TI 1.4 Law-Greenetal. (1995)
6C1256+36 P 4.8 Bestetal. (1999)
TI 1.4 Law-Greenetal. (1995)
6C1257+36 P 4.8 Bestetal. (1999)
TI 1.4 Law-Greenetal. (1995)
3C65 TI 14,48 Polatidisetal. (1995)
3C68.1 P 4.8 Bridle etal. (1994)
TI 1.4 Leahyetal. (1989)
3C252 P 4.8 Ferninietal. (1993)
3C265 P 4.8 Ferninietal. (1993)
3C267 T 4.8 Bestetal. (1997a)
1.4 Leahyetal. (1989)
3C268.1 P 4.8 Laing (1981)
TI 1.4 Leahyetal. (1989)
3C280 P 14,48 Liu & Pooly (1991a)
S,D 14,48 Liu & Pooleg (1991a)
3C324 T 4.8 Bestetal. (1997a)
P 1.4 Ferninietal. (1993)
4C16.49 P 4.8 Lonsdaleetal. (1993)
3C16 TI 4.8 Giovanninietal. (1988)
P 1.4 Leahy& Perley (1991)
3C42 P 4.8 Ferninietal. (1997)
3C46 TI 4.8 Giovanninietal. (1988)

1.4 Gregorini etal. (1988)

3C299 P 14,48 Liu& Poolg (1991a)

S,D 14,48 Liu & Poolg (1991b)

3C341 P 1.4 Leahy& Perley (1991)
3C351 TI 4.8 Bridle etal. (1994)

P 1.4 Leahy& Perley (1991)

3C457 P 14 Leahy& Perley (1991)

4C14.27 P 1.4 Leahy& Perley (1991)

Table 8. Reduced:? valuesfor the rotationmeasurets for Figures30 to
32.

Source Lobe n=-1 n=0 n=1  Symbol
6C1256+36 S 382.  51. 191 X
981.6 1.23 976.5
4C16.49 N 16 669. 2917.
2772. 901 1.7
4C16.49 S 1519 0.9 62.
454 04 348

X O X 0o o

before thereis no trendwith radio power, indicatingthatthe trend
with redshift, althoughweak is dominant.This is not causedoy
pureDopplershifts of the observingfrequencies.

4.2.4 Depolarisation

Comparingthe averagedepolarisatiorof individual sampleswith
eachotherwe nd only very weak trendswith redshiftor radio
powver. Whenthe samplesareaveragedogethemwe nd atrendin
depolarisationwith redshift but nonewith radio powver. Samples
A+C (low radiopaower) arestatisticallyidenticalto sampleB (high
radio power), suggestinghatthereis no trendwith radiopowerin
oursourcesBy consideringheaveragediepolarisatiorof samples
A+B (highredshift)comparedvith thatof sampleC (low redshift)

thereis a weak trend with redshiftwhich is echoedin the dDM
values.However bothresultsarenot signi cant. Thismaycon rm
theresultsof Kronbeg etal. (1972):redshiftis thedominantfactor
comparedo radiopower in determiningthe depolarisatiorproper
tiesof asource.

Analogoudo thediscussiorabore on percentageolarisation,
thecosmologicaDopplershifts of theobservingrequenciesn u-
encethe trend of DM with redshift,and in fact the true trendis
strongerthan that navely obsered. To demonstratehis we use
equation(b) to derive the standarddeviation of Faradaydepths D,
for eachsource By settingz 1 we thenrescaleall the depolari-
sationsDM? & to the sameredshift. This allows all 3 samplego be
comparedvithout ary biasdueto pureredshifteffects(seeTables
11 and12). If therewasno intrinsic differencebetweenthe high-
redshiftandlow-redshiftsampleghenwe would expecttheseval-
uesto beconsistentvith eachother Thisis evidently notthe case.
The high redshift samplesare, on averagesigni cantly more de-
polarised(sampleA: 2.2s, sampleB: 3.25) thantheir low-redshift
counterpartgsampleC). ComparingsampleA with sampleB we

nd notrendwith radiopower. However, a noteof cautionmustbe
issuedasthe correctionsapplieduseBurn's law andmay actually
betoo large.Consideringhe precorrecte@ndthecorrectedralues
togetherit is obvious that thereis a connectionbetweenredshift
anddepolarisatiorbut thereis no signi cant trend of depolarisa-
tion with radio power. Thereis alsoa connectiorbetweerthe dif-
ferencein the depolarisationdDM, andthe redshiftof the source,
but no signi cant trendof the differencein the depolarisatiorwith
theradiopaower of thesource As notedin Section2.3regionswith
signal-to-noise 3s were blanked in the map production.In in-
dividual sourcesblanking of low S/N regionsin the polarisation
mapswill causehe measurediepolarisatiorio beunderestimated.
Sourcesn sampleA are more affectedby this problemthan ob-
jectsin the other samples.Thereforewe probably underestimate
theaveragedepolarisatiorin sampleA implying thatthetrendwith
redshiftcouldbe evenstrongerthanour ndings suggest.

The trendsof percentagepolarisationand of depolarisation
with redshiftareprobablyrelatedin the sensethata lower degree
of depolarisatioratlow redshiftalsoleadsto a higherobseredde-
greeof polarisation.Clearly a variation of theinitial polarisation,
mp, with redshiftwould leadto variationsof theobseredm, inde-
pendenbf thepropertief ary externalFaradayscreenTherefore
bothtrendscould alsobe causedoy a signi cantly higherlevel of
mg of the sourcesat low redshift (sampleC). Using equation(4)
we nd mp 93 11forsampleA, mp 91 10 for sample
B andmy 135 25 for sampleC. Theuncertaintieassociated
with the useof Burn's law in extrapolatingfrom our obsenations
tol 0O arelarge. Thereis no differencebetweenaverageinitial
polarisationof sourcesn samplesA andB. The differencefound
for my atlow redshift(sampleC) comparedo high redshift(sam-
plesA andB) is small comparedo the differencefound for the
depolarisatiortomparingthe samesamplesThis suggestshatthe
differencesn percentag@olarisatioranddepolarisatioraredueto
variationwith redshiftof the Faradayscreendocal to the sources
ratherthanto differencesn theinitial degreeof polarisation How-
ever note,thatthe variationof my is not signi cantly smallerthan
thetrendof percentag@olarisationwith redshift.

Burn's law predictsa steepdecreasef percentageolarisa-
tion with increasingobservingfrequeng. Although the decrease
maywell be softenedby geometricabndothereffectsin morere-
alistic sourcemodels(Laing, 1984),thevalueof DM maybesmall
for sourcedn which our observingfrequenciesarelower thanthe
frequeng at which strongdepolarisatioroccurs.For suchsources
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Table 9. As Table6 but for sampleC. Rotationmeasures betweem800,4500,1502and 1450

Source  Component Total Percentage Total Percentage Rotation Spectral Depolarisation Average SRM
Flux Polarisation Flux Polarisation  Measure Index Measure D
4710MHz ~ 4710MHz  1452MHz  1452MHz RM a DM$ 8
(mJy) % (mJy) % (radm 2) (radm 2)  (radm ?)

3C42 NW 353.9 125 999.7 12.3 -24 5 -0.87 1.02 24 14.1
SE 450.6 7.5 1266.3 7.4 50 5 -0.86 1.01 1.7 14.2

4C14 27 NW 107.0 124 368.2 8.8 -13.0 4 -1.06 141 9.9 5.4
SE 124.8 9.6 489.3 9.3 -17.3 5 -1.17 1.03 2.9 4.8

3C46 NE 162.7 16.2 488.0 12.8 -48 5 -0.94 1.27 16.9 3.9
SW 173.7 13.7 506.4 12.0 29 1 -0.91 1.14 12.5 4.2

Core 2.54 - 7.94 - -0.97 - - -

3C457 NE 208.6 15.8 692.0 15.7 - -1.02 1.01 - -

sw 290.5 11.9 898.9 10.0 - -0.94 1.19 - -

Core 3.03 - 2.63 - 0.12 - - -
3C351 NE 971.7 6.8 2327.9 8.1 1.00 5 -0.73 0.84 - 13.0
Diffuse 122.2 26.4 421.3 13.7 87 1 -1.03 1.93 13.7 12.0

Core 18.3 18.6 46.2 8.2 -0.53 2 -0.77 2.27 15.3 5.0
SW 77.1 22.8 235.7 8.9 44 3 -0.93 2.56 16.4 10.8
3C341 NE 123.8 28.0 336.4 19.6 203 5 -0.85 1.43 10.1 10.0
SW 265.9 26.4 862.6 17.2 18.2 5 -1.0 1.53 111 12.0
3C299 NE 876.5 0.79 05 2592.4 043 03 -126.3 8 -0.93 1.84 13.2 75.9
SW 53.7 3.1 122.6 2.6 16.0 5 -0.71 1.19 7.10 6.9

3C16 NE 221 3 10.8 60.9 4.9 - -0.87 2.2 15.0 -
SW 484.9 14.7 1510.9 8.2 -43 3 -0.97 1.79 12.9 17.4

Table 10. Meanpropertiesof the sourcesaveragedover eachsamplewith the associate@rror Differential propertiedDM,da,dRM) arederived by taking
the differenceof the respectie propertybetweenthe two lobesof eachsourceandthen averagingthis differenceover eachsample,dRM is in the source
framesrwm is thermsof theRM overthesourcejn the sourcereferencdrame.Propertiesn italics arein the sourceframeof reference.

Property sample sample
A B
Averagez 1.06 004 1.11 005
AveragePis; 102 006 1077 101 007 10%8
AverageD 220.34 4640 262.69 5541
AverageDM 1.82 032 1.61 013
dDM 0.93 026 0.61 022
Averagea -0.87 001 -0.92 006
da 0.13 004 0.23 004
AveragePF; 4 6.29 086 5.88 064
AveragePFs g 8.91 103 8.76 089
AverageRM 29.03 1281 26.41 774
dRM 97.85 3641 115.96 4281
SRM 115.62 3343 122.94 2848

we expectto measurelow valueof DM associateevith alow per
centagepolarisation.Akujor & Garrington(1995) showv that one
of our sources3C299(sampleC), is stronglydepolarisedetween
1.6GHz and 8.4GHz with almostall of the depolarisatiortaking
placebetweem.8GHz and8.4GHz. We measurenly a very low
percentageoolarisationfor this sourceand the averagevalue of
DM?$8 15isalsolowerthanDM$¢ 4 asmeasuredy Aku-
jor & Garrington(1995). If mary of our sourcesat low redshift
were affectedby strongdepolarisatiorat frequencieshigherthan
4.8GHz, thenthis may causethe trendof DM with redshiftnoted
above. The absencef ary othersourceswith very low degreesof
polarisationcombinedwith alow valuefor DM, atleastin thelow
redshiftsampleC, amuesagainsthis bias.In fact, Tabara& Inoue
(1980)shaw thatour sources3C42,3C46,3C68.1,3C265,3C267,
3C324and 3C341depolarisestrongly only at frequenciedower
thanour observingirequencies3C16,3C65,3C252,3C268.1and
3C280do depolarisestrongly betweenl.4 GHz and 4.8 GHz. In
all thesourcesnentionedn the Tabara& Inoue(1980)nonehave
strongdepolarisatiorat frequenciesiigherthan4.8 GHz. Thereis
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sample sample sample
C A+B A+C
0.41 001 1.08 003 0.75 008
802 040 108 557 116 107 897 047 10%
399.57 12250 24151 3543 304.69 6450
142 012 1.71 017 1.63 018
0.43 018 0.77 017 0.69 017
-0.94 003 -0.90 003 -0.90 002
0.10 003 0.18 003 0.12 002
9.89 175 6.08 052 7.98 101
13.31 248 8.83 066 10.98 136
16.24 833 27.64 705 23.55 807
50.77 4329 107.44 2762 77.68 2754
29.45 998 119.49 2111 78.69 2236

no informationfor 4C14.27,4C16.49,3C351,3C299and3C457.
Thosesourcewhichdo depolarisestronglybetweerour observing
frequencies1.4 and 4.8GHz, could in principle have inaccurate
valuesof therotationmeasurédecausef this. However, the pixels
containingmostdepolarisedegionsof thesourcearelik ely to have
beenblanked becaus®f insufcient signal-to—noisén theirpolar
isationat 1.4GHz; therotationmeasuras determinedrom theun-
blanked (lessdepolarisedyegionsof the source andwill therefore
bereliable.

Strom (1973); Strom & Jagers(1988); Pedeltyet al. (1989);
Ishwara-Chandrat al. (1998) nd an anti-correlationof depolar
isationwith linear size. Thus our ndings could be the result of
oursampleC containinglargersourceghansamplesA andB. Fig-
ure 33 shaws that thereis a weak anti-correlationbetweenphys-
ical sourcesizeanddepolarisationA Spearmarrank testgivesa
con dencelevel of around90% for this anti-correlationHowever,
this trendis dueto the two largestsourcesn sampleC, 3C46and
3C457.Remwing thesesourcesyields an averagedepolarisation
measur®f 1 50 0 15for sampleC, whichis notsigni cantly dif-
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Table 12. AverageDM anddDM now shiftedsothatall the measurementaretaken at z=1. Averagepolarisationof all the sourcesshiftedto acommonrest

framewavelengthof 5cmusingEquation5

Property sample sample

A B
AverageDM; 1 195 039 185 024
dDM; 1 1.08 034 1.00 047
PR s 5cm 6.32 086 5.88 065

Table 11. RecalculatedveragedepolarisatioranddDM for eachsourceif
it waslocatedat z=1 andaveragepercentag@olarisationof all sourcesf it
wasemittedat 5cmin therestframe.

Source z D, DM, 1 dDM; 1 Polarisation

lres 5Cm
6C0943+37 1.04 74.12 3.31 1.98 3.1
6C1018+37 0.81 42.95 1.49 0.52 8.32
6C1011+36 1.04 36.11 1.33 0.66 5.63
6C1129+37 1.06 83.07 4.49 3.43 3.09
6C1256+36 1.07 29.53 1.21 0.40 8.26
6C1257+36 1.00 45.51 1.58 0.61 9.39
7C1801+690 1.27 41.24 1.45 0.54 3.33
7C1813+684 1.03 6.96 1.01 0.25 8.47
7C1745+642 1.23 47.81 1.65 1.36 7.32
3C65 1.18 75.33 3.50 4.61 6.26
3C252 1.11 50.66 1.76 1.36 6.36
3C267 1.14 32.34 1.26 0.35 5.04
3C280 1.00 48.79 1.68 0.28 5.48
3C324 1.21 54.34 2.42 0.58 4.74
3C265 0.81 35.56 1.37 0.14 5.05
3C268.1 0.97 42.13 1.57 0.25 3.07
3C68.1 1.24 4511 1.85 0.98 10.2
4C16.49 1.29 31.04 1.23 0.47 6.76
3C42 0.40 4.59 1.00 0.01 9.85
4C14.27 0.39 14.34 1.05 0.08 9.08
3C46 0.44 15.06 1.05 0.03 12.45
3C457 0.43 10.50 1.03 0.04 12.88
3C351 0.37 23.82 1.14 0.15 8.59
3C341 045 21.91 1.11 0.02 18.57
3C16 0.41 27.54 1.19 0.06 6.64
3C299 0.37 20.20 1.10 0.1 1.52

ferentfrom the averagewith thesetwo sourcesncluded.Thuswe
canrule out the possibility that the larger depolarisatiorat high
redshiftis causedby selectingpreferentiallysmall sourcesat low
redshift.

Liu & Poolg (1991a)obsered depolarisationto correlate
with spectralindex but thereare no obvious correlationsin ary
of our samplesvhenwe examinedthe sourcesindividually or as
acombinedsample.

8 sourceshav dDM 1 overthesourceandafurther6 shav
05 dDM 1. Thisimplies that 14 sourcesout of 24 sources,
for which adepolarisatioomeasuremergxistsin bothlobes,shav
a signi cant asymmetryin the depolarisatiorof their lobes. We
would expecta proportionof the sourceso be obsered at angles
considerablysmallerthan90 to our line-of-sight. Thereforeit is
not surprisingthatso mary sourcesarefoundto be candidategor
theLaing-Garringtoreffect.

Several sourcesshav signsof depolarisatiorshadas in at
leastoneof thelobes.Of these 6C1256+36vasobseredto lie in
a clusterby Rocheet al. (1998),aswere 3C65and 3C324(Best,
2000).3C324hasbeenobsered by Bestet al. (1998)in the sub-
mm (850um) andfound a large dustmasscentredaround3C324.

sample sample sample
C A+B A+C
1.08 002 190 022 154 023
0.06 002 1.04 028 0.60 022
9.82 185 6.10 053 7.97 104

The hostgalaxywas shavn to be the causeof the very strongde-
polarisation(Bestetal., 1998).

4.2.5 Summary

From the trendslisted abore, we can concludethat the variations
of RM onsmallangularscalesandthe associatediepolarisatiorof
theradio emissionarelikely causedy a Faradayscreenwhich is
externalbut local to the source.This implies thatary trendswith
radio power and/orredshiftre ect changesf the sourceenviron-
mentdependingn thesequantitiesWe nd thatpercentag@olar
isationdecreasewith redshiftwhile depolarisatiorincreasesvith
redshift. Accordingto Burn's law (Burn, 1966),this impliesanin-
creasen the sourceervironmentsof eitherthe plasmadensityor
themagneticeld strengthor bothwith redshift.Suchaninterpre-
tationis alsosupportedy theincreasedlepolarisatiormsymmetry
of sourcesat high redshiftcomparedwith their low redshiftcoun-
terparts.Note however, thatthe trendsreportedhereare basedon
averagingthe obsenred propertiesof sourceswithin threesamples
andthat someof themarenot highly signi cant. A moredetailed
statisticalanalysisof our obsenationsin a forthcomingpaperwill
helpto testthesecrudetrends.

5 CONCLUSIONS

In this papenwe presenthe completedatasetof our threesamples
of radio galaxiesandradio-loudquasarsThe threesamplesvere
de ned suchthattwo of themoverlapin redshiftandtwo have sim-
ilar radio powers. Thuswe areableto studythe effectsof redshift
andradiopower onvarioussourceproperties.

Even without a formal analysisof the correlationbetween
source properties,some generaltrends are already discernible.
Thereis little correlationbetweerD ands gy, suggestinghatthe
Faradaymediumresponsiblégor variationsof RM on smallangu-
lar scalesjs consistentvith beingexternalbut localto the sources.
Thereis alsolittle correlationbetweernrotation measureandred-
shift or radiopowerwhichis consistenwith aGalacticorigin of the
RM propertief thesourceonlargescalesHowever, we nd that
therms uctuations of the rotationmeasureorrelatewith redshift
but not radio power to a con dencelevel of 99 9%, determined
in thesourcesframeof reference.

We nd thatthe polarisationof a sourceanti-correlatesvith
its redshiftbut is independenbf its radio power, resultingin the
low redshiftsamplehaving muchhigherdegreesof polarisationjn
generalWe alsodetecthigherdegreesof depolarisationn thehigh
redshiftsampleqA andB) comparedo sourcesat lower redshift
(sampleC). Thissuggestshatdepolarisatioris correlatedwvith red-
shift. Thesetwo resultsare probablyrelatedin thatlower depolar
isationat low redshiftleadsto both lower depolarisatiormeasure-
mentsandalsohigherdegreesof obsered polarisation.

Our ndings on the rotation measurementand polarisation
propertieof our sourcesareindicative of anincreasef thedensity

¢ 2002RAS, MNRAS 000, 1-33



Thedepolarisationpropertiesof powerfulradio sources. 33

and/orthestrengthof themagneticeld in thesourceervironments
with increasingedshift.

We nd anumberof possibledepolarisatiorshadavs, mostly
in sourceknown to belocatedin clusterervironments.

We nd nocorrelationbetweerthe spectraindex andredshift
or radiopower. However, we do nd thethedifferencein thespec-
tral index, acrossndividual sourcesincreasegor increasingadio
power of the sourceandalsowith increasingedshiftof a source.

A moredetailedinvestigationinto these ndings will be pre-
sentedn aforthcomingpaper
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