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ABSTRACT
Wede�ne 3 samplesof extragalacticradiosourcesof typeFRII, containing26objectsin total.
Thecontrolsampleconsistsof 6C and7C sourceswith radiopowersof around1027 W Hz �

1

at 151MHz and redshiftsof z � 1. The other samplescontain3CRR sourceswith either
comparableredshiftsbut radiopowersaboutadecadelargeror with comparableradiopowers
but redshiftsaroundz � 0 � 4.Weusethesesamplesto investigatethepossibleevolutionof their
depolarisationandrotationmeasurepropertieswith redshiftandradiopower independently.
We usedVLA datafor all sourcesat � 4800MHz andtwo frequencieswithin the1400MHz
band,either from our own observationsor from the archive. We presentmapsof the total
intensity �ux, polarised�ux, depolarisation,spectralindex, rotationmeasureandmagnetic
�eld directionwherenot previously published.Radiocoresweredetectedin twelve of the
twenty-sixradiosources.Fourteenof thesourcesshow a strongLaing-Garringtoneffect but
almostall of the sourcesshow somedepolarisationasymmetry. All sourcesshow evidence
for an external Faradayscreenbeing responsiblefor the observed depolarisation.We �nd
that sourcesat higher redshift are more strongly depolarised.Rotationmeasureshows no
trendwith eitherredshiftor radio power, however variationsin the rotationmeasureacross
individual sourcesincreasewith theredshiftof thesourcesbut do not dependon their radio
power.

Keywords: Galaxies- active, jets,polarisation,magnetic�eld.

1 INTR ODUCTION

Observationsof the polarisationpropertiesof extragalacticradio
sourcescanprovide informationon the relationshipsbetweenthe
radiosourcepropertiesandtheir environmentsaswell astheevo-
lution of bothwith redshift.Many previousstudiesof variationsin
polarisationpropertieshave suffered from a degeneracy between
radiopower andredshiftdueto Malmquistbias,presentin all �ux-
limited samples.A goodexampleof this effect is the depolarisa-
tion correlationsfoundindependentlyby Kronberg etal. (1972)and
Morris & Tabara(1973).

Kronberg et al. (1972)found that depolarisationof the radio
lobesgenerallyincreasedwith redshiftwhereasMorris & Tabara
(1973)founddepolarisationto increasewith radioluminosity. Due
to the �ux-limited samples(PKS and 3C) usedby both authors
it is dif�cult to distinguishwhich is the fundamentalcorrelation,
or whethersomecombinationof thetwo occurs.Both suggestions
havereadyexplanations:(i) If radiosourcesarecon�nedby adense
mediumthensynchrotronlossesdueto adiabaticexpansionarere-
duced,theinternalmagnetic�eld is strongeranda moreluminous

�

email: jag@astro.soton.ac.uk

radiosourceresults;if thiscon�ning mediumalsoactsasaFaraday
medium,moreluminoussourceswill tendto bemoredepolarised.
(ii) Sourcesat differentcosmologicalepochsmayresidein differ-
entenvironmentsand/ortheir intrinsic propertiesmaychangewith
redshift.

Hill & Lilly (1991)observedthatgalaxydensitiesaroundFR
II radiosourcesincreasedwith redshiftout to z � 0 � 5 andbeyond
but Wold et al. (2001) did not �nd this trend in a recentstudy.
Welter et al. (1984) arguedthat the increasein rotation measure
with redshiftis primarily attributableto anincreasingcontribution
of interveningmatter. However, depolarisationasymmetrieswithin
a source,e.g the Laing-Garringtoneffect, increasewith redshift
which imply anorigin local to thehostgalaxy(Garrington& Con-
way, 1991).

To breakthisapparentdegeneracy effectwede�ned3 subsam-
plesof sourceschosenfrom the3CRRand6C/7Ccatalogues:The
controlsampleconsistsof 6Cand7Csourcesat redshiftz � 1 with
radiopowersof around1027 WHz �

1 at 151MHz. Anothersample
at the sameredshiftconsistsof 3CRRsourceswith radio powers
arounda magnitudehigherat 151MHz. The�nal sampleconsists
of 3CRR sourcesat redshift z � 0 � 4, againwith radio powers of
around1027 WHz

�

1 at 151 MHz (Figure1). Theobservationsof
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Figure1. A radiopower-redshiftplot showing the3 subsamplesusedin the
observations.SampleA is representedby `x', sampleB by `o' andsample
C by `*'. The lines mark the �ux limits for the 3CRRand6C samples.A
spectralindex of 0.75wasusedto shift the3CRRdatato 151MHz.

samplesourcescanthenbeusedto studythesourcepropertiesand
the mediumaroundthe source,thus discovering which correlate
with redshiftandwhich correlatewith radiopower enablingus to
answerthefollowing questions:

	 Doesarelationshipexist betweenradiopower andthe
environmentin whicha givenradiosourcelives?

	 Do theenvironmentsevolve with redshift?

The structureof the paperis as follows. Section2 describes
in detail the sampleselectionandthe VLA observations.Section
3 containsthe results,including the mapsof the 26 sourcesfrom
the 3 samples.Section4 discussesthe observed trendsacrossthe
samples,detailingany correlationsbetweenobservables.Section5
summarisestheconclusionsof thepaper. All valuesarecalculated
assumingHo 


50 kms
�

1Mpc
�

1, andWm 


0 � 5 (L



0).

2 THE VLA OBSERVATIONS AND DATA REDUCTION

2.1 Sampleselection

SampleA wasde�ned asasubsamplechosenfrom the6CE(Eales
et al., 1997) subregion of the 6C survey (Hales et al., 1990),
and the 7C III subsample(Lacy et al., 1999), drawn from the
7C and 8C surveys (Pooley et al., 1998). The selectedsources
have redshifts0 � 8 � z � 1 � 3, and radio powers at 151 MHz be-
tween6 � 5 � 1026WHz

�

1
� P151MHz � 1 � 35 � 1027WHz

�

1. Sam-
ple B wasde�ned asa subsamplefrom the revised3CRRsurvey
by Laing et al. (1983)containingsourceswithin thesameredshift
rangebut with powersin therange6 � 5 � 1027WHz

�

1
� P151MHz �

1 � 35 � 1028WHz
�

1. SampleC is alsofrom the3CRRcatalogue;it
hasthesameradiopowerdistributionasthecontrolsample,sample
A, but with 0 � 3 � z � 0 � 5. Weonly includesourcesthatweremore
luminousthanthe �ux limits of theoriginal samplesat 151MHz.
(Figure1). In all samplesonly sourceswith angularsizesq 
 10� �

(correspondingto � 90kpcatz=1)wereincluded,seeTable1.This
angularsizelimit is imposedby the depolarisationmeasurements
asthey requireaminimumof tenindependenttelescopebeams(1”
perbeam)over theentiresource.Thedistributionsof linearsizesof

Table 1. Detailsof the sourcesin sampleA,B & C. Sourcesin italics are
quasars.sn givesthenoiselevel in the�nal total �ux mapsat frequency n.

Source z P151MHz Angularsize s4 � 8 s1 � 4

(W/Hz) (arcsec) (µ Jy) (µ Jy)
6C0943+39 1.04 1 � 0 � 1027 10 20 55
6C1011+36 1.04 1 � 1 � 1027 49 15 65
6C1018+37 0.81 8 � 8 � 1026 64 24 50
6C1129+37 1.06 1 � 1 � 1027 15 21 60
6C1256+36 1.07 1 � 3 � 1027 14 18 70
6C1257+36 1.00 1 � 1 � 1027 38 33 100

7C1745+642 1.23 9� 5 � 1026 16 30 60
7C1801+690 1.27 1� 0 � 1027 21 24 75
7C1813+684 1.03 7� 1 � 1026 52 23 47

3C65 1.18 1 � 0 � 1028 17 22 61
3C68.1 1.24 1 � 1 � 1028 52 41 100
3C252 1.11 7 � 2 � 1027 60 23 100
3C265 0.81 6 � 5 � 1027 78 32 70

3C268.1 0.97 1 � 0 � 1028 46 32 68
3C267 1.14 1 � 0 � 1028 38 25 61
3C280 1.00 1 � 2 � 1028 15 33 75
3C324 1.21 1 � 3 � 1028 10 26 70
4C16.49 1.29 9 � 9 � 1027 16 25 81

3C16 0.41 7 � 4 � 1026 63 36 80
3C42 0.40 7 � 5 � 1026 28 29 70
3C46 0.44 7 � 9 � 1027 168 20 53
3C299 0.37 6 � 9 � 1026 11 39 77
3C341 0.45 8 � 8 � 1026 70 26 88
3C351 0.37 7 � 6 � 1026 65 31 100
3C457 0.43 9 � 6 � 1027 190 18 80
4C14.27 0.39 8 � 8 � 1026 30 30 90

theradiolobesarereasonablymatchedacrossall thesamples(Fig-
ure2).Eachsampleinitially contained9 sources;thesource3C109
wassubsequentlyexcludedfrom sampleC astheVLA datawasof
muchpoorerquality thanthatof therestof thesample.Eachof the
resultingsubsamplescontains1 to 3 quasars.The sourcesin the
3 subsamplesarerepresentative of sourceswith similar redshifts,
radio powersandsizes.However, the samplesarenot statistically
completebecauseof observingtimelimitations.Wepickedsources
thatwerefairly well observed at 4.8 GHz at B array(andC array
if needed)in thearchives,ensuringthata minimumof new obser-
vationswasneeded.Full detailsof thesamplesaregiven in Table
1

Theratioof angularto physicalsizevariesonly by afactor1.3
betweenz




0 � 4 andz



1 � 4. Thisensuredthatall thesourceswere
observedat similar physicalresolutions.All redshiftvaluesfor 6C
sourcesweretakenfrom Ealeset al. (1997)exceptfor 6C1018+37
whichwastakenfrom Rawlingsetal. (2001).The7Csourceswere
takenfrom Lacy et al. (1999).The3CRRsourcesweretakenfrom
Spinradet al. (1985),4C16.49wastaken from Barkhouse& Hall
(2001a),4C14.27wastaken from Herbig& Readhead(1992)and
3C457wastakenfrom Hewitt & Burbridge(1991).

2.2 Very Lar geArray observations

Observationsof all 26 radiogalaxiesweremadecloseto 1.4 GHz
using the A array con�guration and a 25 MHz bandwidth.This
bandwidthwasusedinsteadof 50MHz to reducetheeffectof band-
width depolarisation.Themaximumangularsizethat canbe suc-
cessfullyimagedusingA arrayat 1.4GHz is 38� � . 12sourceswere
larger thanthis andwereobserved additionallywith B array. Ob-
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Thedepolarisationpropertiesof powerfulradiosources. 3

servationswerealsomadeat 4.8GHz usinga 50 MHz bandwidth.
Themaximumobservableangularsizein B arrayat4.8GHzis 36

� �

.
Thesame12sourcesasbefore,werethenobservedat4.8GHzwith
C array. This ensuredthat both 1.4 GHz and5 GHz observations
wereequallymatchedin sensitivity andresolution.Detailsof the
observationsaregivenin Tables2 to 4.

Sourcesin the6C and7C sampleshave a typical bridgesur-
facebrightnessof � 70µJy beam

�

1 in 5 GHzA-arrayobservations
(Bestet al., 1999).In orderto detect10%polarisationat 3s in B-
arrayobservationswerequiredanrmsnoiselevel of 20µJybeam

�

1,
correspondingto 70 minsof integrationtime. At 1.4 GHz, assum-
ing a


��

1 � 3, bridgeswill bea factorof 4 moreluminous.At this
frequency, the exposuretime is setby the requirementto have an
adequateamountof uv-coverageto mapthe bridgestructures.20
minuteobservationsweresplit into 4 � 5 minuteintervals.This ob-
servationsplittingto improveuv-coveragewasalsodonefor the4.8
GHz data.

At 1.4 GHz the integration time on all the sourcesis above
theminimumrequiredfor goodsignalto noise.AsTable2 demon-
strates,for many of our sourcestheintegrationtimesat 5 GHz are
considerablylessthan the 70 min requirement,due to telescope
time constraintsMany of the observed propertiesthat dependon
polarisationobservations(e.gdepolarisationandrotationmeasure),
arethereforepoorly measuredin thefaintercomponentsat 5 GHz.
The valuesobtainedare thenonly representative of the small re-
gion detectedandnot the entirecomponent.Spectralindex is in-
dependentof thepolarisationmeasurementsandso it is relatively
unaffectedby theshortintegrationtimes.

The 3CRR sourcesare more luminous,but much of this is
dueto theincreasein theluminosityof their hotspots;their bridge
structuresareonly a few timesbrighterthanthoseof the6C/7CIII
sources.To reacha 3s detectionof 7% polarisationon thebridge
structures,atotal integrationtimeof 30minswasrequiredat5 GHz
and20 minsat 1.4GHz,split into 3-4 minuteintervals to improve
uv-coverage.The vastmajority of the sourcesin sampleB andC
hadat leastthis minimumamountof time on source( seeTables3
and4).

Mostobservationsat1.4GHzusingA arraywereobtainedon
31/07/99(AD429).Thedatafrom thisdayis stronglyaffectedby a
thunderstormat thetelescopesiteduringmostof theobservations.
Even after removal of badbaselinesandantennasthe noiselevel
in this dataremainedat leasttwice that of the theoreticalvalue.
However, carefulcalibrationandCLEANing reducedthis effect to
a minimum.SampleA wasmostaffectedby thethunderstormand
thelackof observingtimeatall frequencies.However, we�nd that
theresultsobtainedby Bestetal. (1999)for someof thesourcesin
sampleA arein goodagreementwith our results.We aretherefore
con�dent thatourdatais reliablefor �ux esabove the3snoise level.
We checked the polarisationcalibrationof 31/07/99(AD429) by
comparingwith theB-arraydataat1.4GHz(for the12sourcesthat
hadB-arraydata)to con�rm thatthePA of bothdatasetsagreedto
within 15degreesin all sources.Thisadditionalcheckallowedusto
ensurethatthe1.4GHzpolarisationanglecalibrationwasaccurate.

ThedatawerereducedusingtheAIPS softwarepackagepro-
ducedby theNationalRadioAstronomyObservatory. At 1.4GHz
thetwo IFs werereducedseparatelyproducingindependentobser-
vationsat 1665MHz and1465MHz. The reasonfor the separa-
tion is dueto the signi�cant rotationof the polarisationanglebe-
tweenthe two frequencies.If the two frequencieswere not sep-
aratedthen therewould be somedegreeof arti�cial depolarisa-
tion at 1.4 GHz; this wasnot a problemat 4.8 GHz. Eachsource
wasthenCLEANedusingIMAGR, anAIPS task,andthenimproved

Table2. Detailsof theVLA observationsfor sampleA with theintegration
timesincluded.SeeTables3 and4 for samplesB andC respectively.

Source Array Frequency Bandwidth Observing Int.
Con�g. (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
C 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-calibration.For sourceslargerthan12

� �

theuv-datafrom
the low resolutionarraycon�gurationswereself-calibratedusing
sourcemodelsresultingfrom the high resolutionarraysto elimi-
natepositionaldiscrepancies.The combineddatasetwasthency-
cledthroughanotherroundof amplitude-phasecalibration.

In many casesweusedVLA archivedata.Table5 listsarticles
containingthis previously publisheddata.To maintaintheconsis-
tency of oursampleswe re-analysedall thedata.

2.3 Map production

Total intensity mapswere madefrom the Stokes I parametersat
eachfrequency. Polarisationmapswerealsomadeat all frequen-
ciesby combiningtheStokesQ andU polarisationparameters.A
mapwasthenproducedthatcontainedthepolarised�ux, P


��

Q2 �

U2 � 1� 2 andtheelectric�eld positionangle,PA



0 � 5tan
�

1
�

U
Q

� at
a given frequency. The AIPS taskPOLCO wasusedto correctfor
Riceanbias,which ariseswhentheStokesQ andU mapsarecom-
binedwithout removing noise-dominatedpixels.By carefulsetting
of thePCUT parameterthis biaswasremoved.All mapsonly con-
tain pixelswherethepolarised�ux andthe total intensity�ux are
above5snoiseat4.8GHzand3snoiseat1.4GHz.Thelower thresh-
old at 1.4 GHz was necessarybecausethe 1.4 GHz data had a
highernoiselevel, so blanking�ux below 5s resultedin largere-
gionsof polarised�ux beinglost.

At all frequenciesthe individual mapsweremadesuchthat
the beamsize, the cell size of the imageand the coordinatesof
theobservationswereexactly thesame.If any of theseproperties
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(a) (b)

Figure 2. Linear size-redshiftplots of the 3 subsamplesusedin the observations.Symbolsasin Figure1. Figure(a) assumesHo �

50 kms�

1Mpc�

1, and
Wm �

0 � 5, WL �

0. Figure(b) assumesHo �

50kms�

1Mpc�

1, andWm �

0 � 35,WL �

0 � 65.

Table 3. Detailsof theVLA observationsfor sampleB

Source Array Frequency Bandwidth Observing Int.
Con�g. (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 mapdifferedbetweenfrequenciesthenthe resultantmulti-
frequency mapwouldcontainfalsestructuresthatwouldbedirectly
relatedto themis-alignmentof themaps.To make surethattheco-
ordinates(andcell size)werealwayswithin acceptabletolerances
the AIPS taskHGEOM wasusedto realignmapsat onefrequency
to mapsat anotherfrequency. In sourceswhereanidenti�able core
existsat both frequencies,thecorepositionswereusedasa check
on thealignmentfrom HGEOM. In generalHGEOM is adequatein
aligning the multi-frequency data.Sourceswith a distinct coreat
all frequencieswerealignedwithin 0.03”, whereno coreexisted
thehotspotswerealignedwithin 0.045”. In 4 sourcesthis wasnot

suf�cient. 3C68.1had to be shifted 0.05” eastand 0.07” north,
3C265had to be shifted0.04” westand0.02” north, 3C299had
to beshifted0.1” eastand0.03” northand�nally 3C16hadto be
shifted0.1” eastand0.1” north. All shifts wereappliedto the 5
GHzobservations.

We de�ne the spectralindex , a, by Sn µ na . Spectralindex
mapsweremadebetween4.8GHz and1.4GHz.

Depolarisationdependsontheamountof polarised�ux at two
frequenciesbut alsoon thetotal intensity�ux at thesametwo fre-
quencies.It is de�ned as:

DM4 � 8
1 � 4 


PF4 � 8

PF1 � 4 �

(1)

wherethePFn is the fractionalpolarisation,(polarised�ux)/(total
intensity �ux) at a given frequency, n. We derived depolarisation
mapsfor eachsource.Thedepolarisationvaluesgiven in Tables6
to 9 areaveragevaluesof thedepolarisationof sourcecomponents

Rotationmeasureis relatedto the degreeof rotation of the
polarisationpositionangleover a setfrequency range,in our case
from 1.4 GHz to 4.8 GHz. The rotationmeasure,RM, in the ob-
serversframeof reference,dependson theelectrondensity, ne, the
componentof the magnetic�eld along the line of sight, B � , the
wavelengthof theobservations,l , andthepathlength,l.

RM



8 � 1 � 103 �

D

0
neB � dl rad m�

2

�

(2)

PA
�

l �




PA�

� RMl 2

�

(3)

wherePA is theobservedpolarisationpositionangleof asourceand
PA � is the initial polarisationanglebeforeany rotation.Threefre-
quencies(1.4GHz,1.6GHz and4.8GHz) wereusedto overcome
thenp ambiguitieswhen�tting to theobservedpolarisationangles
(Simard-Normandinetal.,1981;Rudnicketal.,1983).Thusdepo-
larisationmeasurementsdependonobservationsatonly 2 frequen-
cieswhereasrotationmeasuredependsondataatall 3 observedfre-
quencies,(i.e.consideringthetwo 1.4GHzIFsseparately),making
it moresensitive to the level of polarisationobserved in a source.
This meantthat in somecases(e.g.3C16,Figure21) therewere
depolarisationmeasurementsin one lobe but therewasno corre-
spondingrotationmeasure.

The rotation measuremaps of 7C1813+684,3C65 and
3C268.1containedobviousjumpsin positionanglewhichwewere
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not ableto remove. Plotsanalogousto Figures30 to 32 indicated
that therewereregionsthat obviously containederrorscausedby
np ambiguities.As previously notedtheA arrayAD429 datawas
problematicand this wasfound to be the causeof the jumps.To
overcomethis problemwe shiftedthe positionanglesat 1.4 GHz
datadown by 10 to 15 degreeswhenthePA mapswereproduced.
This resolvedany ambiguities.

Table4 showsthatall sourcesin sampleC wereobservedwith
IFs separatedby only 50 MHz or lessat around1.4 GHz. This
meansthatthey werenotwell enoughseparatedat1.4GHzto over-
comethenp ambiguities.To compensatefor this lackof separation
the4.8 GHz observationsweresplit into their two componentfre-
quencies,4885MHz and4535MHz. We thenused4 frequencies
for the �t insteadof 3, but we are still only marginally sensitive
to np jumps.The resultingrotationmeasuremapscover thesame
frequency rangeassamplesA andB but usedifferentfrequencies
for the�t. This wasnot possiblein thecaseof 3C351and3C299,
resultingin larger uncertaintiesin the rotation measurementsfor
thesesources.In thecaseof SampleC any sourcethathasa large
rangeof rotationmeasures(  80 radm

�

2), theAIPS taskRM will
force the rotationmeasureinto a range ! 40 rad m

�

2 aroundthe
meanrotationmeasure.This is dueto the lack of frequency sep-
arationat 1.4 GHz and it cancausejumps.In the caseof 3C457
thesejumpsweresevereandwe wereunableto resolve them.The
rotationmeasureandmagnetic�eld mapsfor this sourcewerenot
includedin theanalysis.Therotationmeasurevariessmoothlyover
all othersourcesin thissample.Theerroraffectstheabsolutevalue
of the rotationmeasurefor eachsourceand thereforeit doesnot
affect thedifferencein therotationmeasure,dRM andthermsvari-
ationin therotationmeasure,sRM.

All rotationmeasuremapscontainpixelsonly wherepolarised
�ux wasobserved at levels above 3snoise at all threefrequencies.
We chosethe lower noisethresholdto allow for a largercoverage
of RM measurementsoverthelobes.However, evenwith thislower
thresholdtherewerestill a few sourceswheretherewasvery little
to no rotationmeasureobserved.

All depolarisation,spectralindex, rotationmeasureandmag-
netic �eld direction mapswere overlayedwith contoursof total
intensityat 4.8GHz.

Tables6 to 9 givethetotal �ux, percentagepolarised�ux both
at 1.4 GHz and4.8 GHz, thedepolarisation,rotationmeasureand
spectralindex, between1.4 GHz and4.8 GHz. All propertiesare
averagedover sourcecomponentslike the sourcecoreor individ-
ual lobesandgiven in the observers frameof reference.This av-
eragingreducesthe effect of the noisefeaturesseenin the maps.
The total �ux, polarised�ux androtationmeasurevaluesare the
averagedvaluesdeterminedfrom themapswith theAIPS taskTVS-
TAT. Percentagepolarisation,depolarisationandspectralindex are
thencalculatedfrom theseaveragevalues.All integratedquantities
in Tables6 to 9 arecalculatedexcluding pixels below the 3snoise
threshold.

3 THE RESULTS

In Figures3 to 29, mapsof the radio propertiesdiscussedabove
arepresentedfor all the sourcesfrom the 3 samples.Each�gure
shows thedepolarisationmap(wherethepolarisationwasdetected
at all frequencies),the spectralindex map, the rotation measure
mapandthemagnetic�eld directionmap(whenarotationmeasure
is detected),if no previously publishedmapsexist. For the three
7Csources,6C1018+37,3C65,3C267and3C46polarisationmaps

Table 4. Detailsof theVLA observationsfor sampleC

Source Array Frequency Bandwidth Observing Int.
Con�g. (MHz) (MHz) Program (min)

3C16 A 1452,1502 25 14/09/87(AL146) 59
B 1452,1502 25 25/11/87(AL146) 39
B 4885,4535 50 20/05/01(AD444) 20

4885,4535 50 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

havealsobeenincludedfor both1.4GHzand4.8GHzasthereare
nopublishedpolarisationmapsof thesesources.Table5 containsa
listing of publishedmapsfor all sources.In all casesonly regions
from the top endof the grey- scalessaturate,aswe have always
keptthelowestvalueswell insidethegrey-scales,to ensurethatno
informationhasbeenlost.

In order to checkthe quality of our mapswe also usedthe
maximumentropy methodimplementedin the AIPS taskVTESS
insteadof theCLEAN algorithm.The resultingmapsarenot sig-
ni�cantly differentfrom thoseproducedby theCLEAN algorithm.
In fact,VTESSis notnecessarilysuperiorto CLEAN in producing
accuratemapsof extendedlow surfacebrightnessregions(Rupen,
1997).

Depolarisationshadows (regionswherethe depolarisationis
appreciablygreaterthanin thesurroundingarea)areseenin a few
sources,e.g.Figure19, andmaybereal features.Thesewere�rst
foundby Fomalontet al. (1989)in a studyof FornaxA. Depolar-
isationshadows canbecausedby theparentgalaxyasin thecase
of 3C324or by anexternalgalaxyin theforegroundof thesource,
causinga depolarisingsilhouette(Bestet al., 1997b).

Polarisationanglemeasurementsareambiguousby ! np and
this can introduceambiguitiesin the rotationmeasure.A change
of p between1.4 GHz and5 GHz introducedby the �tting algo-
rithm will causea changeof � 80 rad m

�

2 in rotationmeasure.
To determineif any strongrotationmeasurefeatureis real a plot
of thepolarisationangleagainstl 2, includingnp ambiguitiescan
be produced.The best�t from AIPS is then overlayed.Any true
featurewill not show any errorsin np. This hasbeendonefor two
sources:4C16.49and6C1256+36.Theresulting�ts arepresented
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6 J.A.Goodletetal.

Figure 3. Mapsof theradiosource6C0943+39.(a - top left) Mapof thedepolarisationbetween4710MHz and1465MHz. (b - top right) Map of thespectral
index between4710MHz and1465MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz. (d - bottom
right) Mapof themagnetic�eld direction(degrees).Allcontoursareat5s at 4710MHz(0.5mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.5” x 1.4”.

in Figures30 to 32 andwill be discussedin the relevant noteson
thesesources.Thecorrespondingc2 valuesfor the�ts aretabulated
in Table8. Anothertestthata featureis real is thata true jump in
rotationmeasurecausesdepolarisationnearthejump but themag-
netic�eld mapshows no correspondingjump in theregion.

3.1 Noteson the individual sources:

3.1.1 SampleA:

6C0943+39: (Figure 3) No core is detectedin the observations,
Bestet al. (1999)detecteda coreat 8.2GHz andminimally at 4.8
GHz.Our non-detectionis probablydueto thedifferentresolution
of the data.The valueof the rotationmeasurein the Easternlobe
mustbeconsideredwith cautionasit is basedononly a few pixels.

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

6C1018+37: (Figure5) Themapsweremadewith thesmallerar-
raysonly at eachfrequency. In the 1.4 GHz A-array dataset the
lower lobewaspartially resolvedout but this wascompoundedby
the high noise,so no feasiblecombinationof the A andB array
was possible.To maintainconsistency the B-array 4.7 GHz data
wasalsoexcluded.

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

is probablydueto thedifferentresolutionsof thetwo observations.
The sourceshows distinct regionsof very strongdepolarisations,
however theseregionsareslightly smallerthanthebeamsize.

6C1256+36: (Figure7) The rotationmeasuremapshows distinct
changesin the valuesof the rotationmeasure.Plot 32 shows that
althoughthe jump in RM doesnot correspondto a jump in depo-
larisationit is notdueto any errorin the�tting program.

6C1257+37: (Figure8) A corewasdetectedat 4.7 GHz but was
absentfrom the 1.4 GHz data.Thehigh noiselevel andshortob-
servation time meantthat the S lobe hadvery little polarised�ux
above the noiselevel, resultingin a reliablevaluefor the rotation
measurebeingfoundin only a few pixelsaroundthehotspots.

7C1745+642: (Figure9) This is a highly coredominatedsource,
with thenorthernlobe appearingfaintly. Thereis an indicationof
a jet-like structureleadingdown from the core into the southern,
highly extended,off-axis, lobe. The sourceis a weakcoredomi-
natedquasar(Barkhouse& Hall, 2001b).

7C1801+690: (Figure10) This is an asymmetriccoredominated
quasar(Barkhouse& Hall, 2001b).The N lobe is very faint and
appearsto be much closerto the core componentthan the more
extendedS lobe. It shows very little polarisationcomparedto the
relatively strongpolarisationof thecoreandS components.

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

Figure 4. Mapsof the radiosource6C1011+36.(a - upperleft) Map of thedepolarisationbetween4535MHz and1465MHz. (b - upperright) Map of the
spectralindex between4535MHz and1465MHz. (c - lower right) Map of themagnetic�eld direction(degrees).(d - lower left)Mapof therotationmeasure
(radm �

2) between4710MHz, 1665MHz and1465MHz. All contoursareat 5s at 4710MHz(0.4 mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 3.5” x
3.2”.c

�
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8 J.A.Goodletetal.

Figure 5. Mapsof theradiosource6C1018+37. (a - upperleft) 4710MHz total intensitymapwith vectorsof polarisationoverlaid.Thecontourlevelsareat
5s (100µJy beam�

1)x (-1, 1,2,4...,1024).1 arcsecondcorrespondsto 1 � 7 � 10�

3Jybeam�

1. (b - upperright) 1465MHz total intensitymapwith vectorsof
polarisationoverlaid.Thecontourlevelsareat 3s (0.5mJybeam�

1)x (-1, 1,2,4,...,1024).1 arcsecondcorrespondsto 1 � 7 � 10�

3Jybeam�

1 (c - middle left)
Map of the depolarisationbetween4710MHz and1465MHz. (d - middle right) Map of theSpectralIndex between4710MHz and1465MHz. (e - lower
right) Map of themagnetic�eld direction(degrees).(f - lower left) Map of the rotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz.
All contours(c-f) areat 5s at 4885MHz (100µJy beam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 4” x 4”.
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Thedepolarisationpropertiesof powerfulradiosources. 9

Figure 6. Mapsof the radiosource6C1129+37. (a - upperleft) Map of thedepolarisationbetween4710MHz and1465MHz. (b - upperright) Map of the
spectralindex between4710MHz and1465MHz. (c - lower right) Map of themagnetic�eld direction(degrees).(d - lower left) Mapof therotationmeasure
(radm �

2) between4710MHz, 1665MHz and1465MHz. All contoursareat 5s at 4710MHz(0.3mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.5” x
1.4”.

sourceshows a compactcore that is presentat all observingfre-
quencies,but it is too faint to detectany reliablepolarisationprop-
erties.

3.1.2 SampleB:

3C65: (Figure 12) The W lobe shows a strong depolarisation
shadow that is smallerthanthe beamsize.Best (2000)found the

sourceto lie in a clusterwhich might accountfor the presenceof
thedepolarisationshadow andthelargedepolarisationoverall.

3C68.1: (Figure13)Thesourceis a quasar(Bridle etal.,1994).A
corehasbeendetectedby Bridle et al. (1994) in deeperobserva-
tions.

3C252: (Figure14) TheSElobeshows a sharpdropin thepolari-
sationbetweenthe4.7GHzand1.4GHz observations.
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10 J.A.Goodletetal.

Figure 7. Mapsof the radiosource6C1256+36. (a - upperleft) Map of thedepolarisationbetween4710MHz and1465MHz. (b - upperright) Map of the
spectralindex between4710MHz and1465MHz. (c - lower right) Map of themagnetic�eld direction(degrees).(d - lower left)Mapof therotationmeasure
(radm �

2) between4710MHz, 1665MHz and1465MHz. All contoursareat 5s at 4710MHz (0.25mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.5” x
1.4”.

3C265: (Figure15) The NW lobe shows evidenceof a compact,
bright region with a highly orderedmagnetic�eld which Fernini
et al. (1993)show is theprimaryhotspotathigherresolutions.

3C267: (Figure16)TheE lobeis highly extended,reachingto the
coreposition,which canbeseenin the1.4 GHz image.The large
depolarisationregion in the W lobe coincideswith a region of no
observedrotationmeasure.Thecoreis stronglyinvertedwith a




0 � 48

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)and1.4GHzdatafrom Laing
& Peacock(1980)thevalueis very similar, a


��

0 � 68.

3C280: (Figure18)Thevalueof therotationmeasureandthemag-
netic�eld directionin theE lobemustbetreatedwith cautionasit
isbasedononly asmallregionof theentirelobe.Thesharpchanges
in therotationmeasuremaparenotseenin themagnetic�eld map
and the depolarisationmap shows a similar structuresuggesting
thatis notduea �tting error.
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Thedepolarisationpropertiesof powerfulradiosources. 11

Figure 8. Mapsof the radiosource6C1257+37.(a - upperleft) Map of thedepolarisationbetween4710MHz and1465MHz. (b - upperright) Map of the
spectralindex between4860MHz and1465MHz. (c - lower right) Map of themagnetic�eld direction(degrees).(d - lower left) Mapof therotationmeasure
(radm�

2) between4710MHz, 1665MHz and1465MHz. All contoursareat 5s at 4710MHz (0.25mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.0” x
1.4”.

3C324: (Figure19) TheNE lobeshows evidenceof a depolarisa-
tion shadow. Best(2000)foundthesourceto lie in a clusterwhich
mayexplain thefaint shadow.

4C16.49: (Figure20) The sourceis a quasar(Barkhouse& Hall,
2001b),thatshows a strongradiocore,jet structureandpossiblya
small counter-jet. Thesourceis highly asymmetricwith the lower
lobe almostappearingto connectto the core.It hasa very steep
spectralindex, a �

�

1 � 0 makingit anatypicalsource.Figures30

and31demonstratesthatthesharpchangesin therotationmeasure
maparenotdueto any �tting errors.

3.1.3 SampleC:

3C16: (Figure21) Thesourceshows a strongSW lobe,with a re-
laxedNE lobe.TheSW lobeshows a strongdepolarisationfeature
that is narrower than the beamsize.The strongrotationmeasure
featureis evident in the depolarisationmapbut not the magnetic
�eld map,indicatingthat it is not an error in the �tting program.
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12 J.A.Goodletetal.

Figure 9. Mapsof theradiosource7C1745+642. (a - upperleft) 4710MHz total intensitymapwith vectorsof polarisationoverlaid.Thecontourlevelsare
at 5s (0.3mJybeam�

1)x (-1, 1, 2, 4...,1024).1 arcsecondcorrespondsto 1 � 7 � 10�

3Jybeam�

1. (b - upperright) 1465MHz total intensitymapwith vectors
of polarisationoverlaid.Thecontourlevelsareat 3s (0.6 mJybeam�

1)x (-1, 1, 2,, 4...,1024).1 arcsecondcorrespondsto 1� 7 � 10�

3Jybeam�

1 (c - middle
left) Mapof thedepolarisationbetween4710MHz and1465MHz. (d - middleright) Mapof theSpectralIndex between4710MHz and1465MHz. (e- lower
right) Map of themagnetic�eld direction(degrees).(f - lower left) Map of the rotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz.
All contours(c-f) areat 5s at 4710MHz (0.3mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 1.7” x 1.2”.
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Thedepolarisationpropertiesof powerfulradiosources. 13

Figure 10.Mapsof theradiosource7C1801+690. (a - upperleft) 4710MHz total intensitymapwith vectorsof polarisationoverlaid.Thecontourlevelsare
at 5s (0.3mJybeam�

1)x (-1, 1, 2, 4...,1024).1 arcsecondcorrespondsto 1� 7 � 10�

3Jybeam�

1. (b - upperright) 1465MHz total intensitymapwith vectors
of polarisationoverlaid.Thecontourlevelsareat 3s (0.6 mJybeam�

1)x (-1, 1, 2, 4,..,1024).1 arcsecondcorrespondsto 1 � 7 � 10�

3Jybeam�

1. (c - middle
left) Mapof thedepolarisationbetween4710MHz and1465MHz. (d - middleright) Mapof thespectralindex between4710MHz and1465MHz. (e- lower
right) Map of themagnetic�eld direction(degrees).(f - lower left) Map of the rotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz.
All contours(c-f) areat 5s at 4710MHz (0.30mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.2” x 1.5”.
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Figure 11.Mapsof theradiosource7C1813+684. (a - upperleft) 4710MHz total intensitymapwith vectorsof polarisationoverlaid.Thecontourlevelsare
at5s (0.35mJybeam�

1)x (-1, 1, 2, 4... ,1024).1 arcsecondcorrespondsto 8� 3 � 10�

4Jybeam�

1. (b - upperright) 1465MHz total intensitymapwith vectors
of polarisationoverlaid.Thecontourlevelsareat 3s (0.7 mJybeam�

1)x (-1, 1, 2, 4... ,1024).1 arcsecondcorrespondsto 1 � 7 � 10�

3Jybeam�

1. (c - middle
left) Mapof thedepolarisationbetween4710MHz and1465MHz. (d - middleright) Mapof thespectralindex between4710MHz and1465MHz. (e- lower
right) Map of themagnetic�eld direction(degrees).(f - lower left) Map of the rotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz.
All contours(c-f) areat 5s at 4710MHz (0.35mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.5” x 2.0”.
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Thedepolarisationpropertiesof powerfulradiosources. 15

Figure 12. Mapsof theradiosource3C65. (a - upperleft) 4710MHz total intensitymapwith vectorsof polarisationoverlaid.Thecontourlevelsareat 5s
(0.8 mJybeam�

1)x (-1, 1, 2, 4... ,1024).1 arc secondcorrespondsto 1 � 7 � 10�

2Jybeam�

1. (b - upperright) 1465MHz total intensitymapwith vectorsof
polarisationoverlaid.Thecontourlevelsareat3s (3.0mJybeam�

1)x (-1, 1, 2, 4... ,1024).1 arcsecondcorrespondsto 8 � 3 � 10�

3Jybeam�

1. (c - middleleft)
Map of thedepolarisationbetween4710MHz and1465MHz. (d - middle right) Map of thespectralindex between4710MHz and1465MHz. (e - bottom
left) Map of therotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz. (f - bottomright) Map of themagnetic�eld direction(degrees).
All contours(c-f) areat 5s at 4860MHz(0.8mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.0” x 1.5”.

No value for the rotation measurewas obtainedfor the NE lobe
becausethepolarisationobservedwastooweak.

3C42: (Figure22) Thecorewasdetectedat 4.7 GHz but wasab-
sentat the lower frequencies.Thesourcehasbeenobserved to lie
in a small clusterby de Vries et al. (2000).Fernini et al. (1997)
observed that the N hotspotwasdoublebut this is not evident in
our observationswhich canbe attributedto the differencesin the
resolutionsof thetwo observations.

3C46: (Figure23) Thesourcehasa prominentcoreat 4710MHz
but it is indistinguishablefrom theextendedlobeat 1452MHz.

3C341: (Figure24) Thesourceis a classicdoublewith a resolved
jet-like structurerunninginto theSW lobe.Thejet is morepromi-
nentin thehigherfrequency observationsthanatthelowerfrequen-
cies.

3C351: (Figure25)Thesourceis anextendedanddistortedquasar
(Bridle et al., 1994).Both lobesexpandout to envelopethe core.
TheNE lobe is highly extended,off-axis andshows two very dis-

tinct hotspots.Thedepolarisationincreasestowardsthemorecom-
pactSW lobe enforcingthe ideathat the environmentaroundthe
SW lobe is denser, stoppingthe expansionseenin the NE lobe.
Thereis evidenceof a rotationmeasureridge in the NE hotspots
which correspondsto a narrow ridgeof depolarisationbut thereis
nocorrespondingshift in themagnetic�eld map.

3C457: (Figure 26) The SW lobe shows a prominent double
hotspot.The small compactobject just southof the SW hotspots
is most likely an unrelatedbackgroundobject.The invertedcore
wasobserved to be presentat all frequencies.This sourcehasno
rotationmeasuremapor magnetic�eld measuremapaswe were
unableto removeall np ambiguitiesfrom thissource.Thiswasdue
to the small separationof observingfrequenciesaround1.4 GHz
and5 GHz,seeSection2.3

3C299: (Figure27) Thesourceis the leastluminousin all of the
samples.Thesourceshows a largechangein rotationmeasurebe-
tweenthelobesbut thedifferenceis probablydueto thesmallnum-
berof pixelswith rotationmeasureinformationin theNE lobe.
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Figure13.Mapsof theradiosource3C68.1. (a - upperleft) Mapof thedepolarisationbetween4710MHz and1417MHz. (b - upperright) Mapof thespectral
index between4710MHz and1417MHz. (c - lower right) Map of the magnetic�eld direction(degrees).(d - lower left) Map of the rotationmeasure(rad
m �

2) between4710MHz, 1662MHz and1417MHz. All contoursareat5s at 4710MHz (2.0mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 3.5” x 3.5”.
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Figure 14. Mapsof theradiosource3C252. (a - top left) Map of thedepolarisationbetween4710MHz and1465MHz. (b - top right) Map of thespectral
index between4710MHz and1465MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4710MHz, 1665MHz and1465MHz. (d - bottom
right) Mapof themagnetic�eld direction(degrees).All contoursareat 5s at4710MHz (0.4mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.0” x 2.5”.

4C14.27: (Figure29) Thereis no coredetectedat any frequency
evenin abetterqualitymapby Leahy& Perley (1991).

4 DISCUSSION

Table10 shows the averageof the variousobserved propertiesof
eachof thesamples.Theaveragewascalculatedby takingtheprop-
ertiesof both lobesin eachsource,averagingthem togetherand
thenaveragingthesevaluesover the sample.Differentialproper-
ties,e.g.thedifferenceof rotationmeasure,dRM, werecalculated
by takingthedifferenceof therespective propertybetweenthetwo
lobesof eachsourceandthenaveragingthesevaluesover theen-
tire sample.Thesesample-averagedpropertiesgiveverysimplein-
dicatorsof trendsbetweensamplesandhencereveal thestrongest
correlationsof sourcepropertieswith redshiftand/orradiopower.
Wewill presentamoreextensive statisticalanalysisof thesecorre-
lationsin a forthcomingpaper.

4.1 The location of the Faraday screen

Theobserved rotationmeasure,RM, anddegreeof polarisationin
a sourcemay be causedby plasmaeither insidethe radio source
itself (internaldepolarisation)or by a Faradayscreenin between
the sourceandthe observer (externaldepolarisation).In the latter
casethescreenmaybelocal to theradiosourceor within our own
Galaxy, or both. Only in the caseof an external Faradayscreen
local to theradiosourcedo our measurementscontaininformation
on thesourceenvironment.

TheaverageRM we observe in our sourcesis consistentwith
a Galacticorigin (Leahy,1987).This is also consistentwith the
absenceof any signi�cant differencesof RM betweenour samples

&'&'&

&'&'&

('(

('(

D

s R
M

Figure 28.Plot of theFaradaydispersion,D againstthermsof therotation
measuresfor eachsource.

(seeTable10).However, weobserve largevariationsof RM within
individual lobesonsmallangularscales.Theseareprobablycaused
by a Faradayscreenlocal to the source(Leahy,1987)andthere-
fore mustbecorrectedfor thesourceredshiftby multiplying dRM
andsRM by a factor

�

1 � z� 2 to allow a valid comparisonbetween
sources.The variationof RM on large angularscales(10sof arc-
seconds),i.e. betweenthetwo lobesof a source,dRM, maystill be
somewhatin�uencedby theGalacticFaradayscreen.Nevertheless,
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Figure 15. Mapsof the radiosource3C265.(a - top left) Map of the depolarisationbetween4848MHz and1417MHz. (b - top right) Map of the spectral
index between4848MHz and1417MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4848MHz, 1662MHz and1417MHz. (d - bottom
right) Mapof themagnetic�eld direction(degrees)All contoursareat5s at 4848MHz (0.7mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 3.5” x 3.0”.

Table 6. Propertiesof the sampleA radio sourcecomponents.Errorsare5% or lessunlessstatedotherwise.The spectralindicesarethe meanvaluesfor
eachcomponent,calculatedbetweenapproximately4800MHz and1465MHz. Thedepolarisationmeasuresarethemeanvaluesof theratio of thefractional
polarisationbetweenapproximately4800MHz and1465MHz for eachcomponent.Therotationmeasuresarethemeanvaluesbetweenapproximately4710
MHz, 1665MHz and1465MHz andarequotedin theobserver's frameof reference.TheFaradaydispersion,D, is givenin Equation5. s RM is thermsin the
rotationmeasure.All meanvaluestake into accountpixelsabove 5s rms at 4.7GHzandabove 3s rms at 1.4GHz.

Source Component Total Percentage Total Percentage Rotation Spectral Depolarisation Average s RM

Flux Polarisation Flux Polarisation Measure Index Measure D
4710MHz 4710MHz 1465MHz 1465MHz RM a DM4 � 8

1 � 4
(mJy) % (mJy) % (radm �

2) (radm�

2) (radm �

2)
6C0943) 37 W 31.0 11.8 71.7 5.4 1.6 * 2 -0.72 2.19 15.01 16.1

E 42.0 2.7 136.4 0.7 -19.1 * 6 -1.01 3.86 19.7 101.4
6C1011) 36 N 44.3 7.8 119.6 5.1 30.8 * 5 -0.88 1.53 11.1 12.8

S 18.7 12.2 50.9 11.5 12.6 * 4 -0.89 1.06 4.1 10.1
Core 3.22 - 0.7 * 0 � 5 - - 1.35 - - -

6C1018) 37 NE 46.4 10.0 125.8 8.1 0.85* 3 -0.85 1.23 7.71 6.1
SW 28.7 7.0 76.3 2.9 11.2 * 2 -0.84 2.41 15.9 2.9
Core 0.63 * 0 � 2 - - - - - - - -

6C1129) 37 NW 46.5 7.3 129.1 2.9 -19.3 * 4 -0.85 2.51 16.3 54.0
SE 73.2 16.3 215.0 3.2 0.08 * 3 -0.90 5.09 21.61 22.0

6C1256) 36 NE 57.8 10.4 148.9 7.7 5.9 * 3 -0.79 1.35 9.3 21.8
SW 101.4 8.9 288.5 8.8 15.4 * 3 -0.87 1.01 1.7 14.0

6C1257) 36 NW 43.5 17.0 102.2 13.4 -115.3 * 9 -0.71 1.27 8.3 10.0
SE 20.5 9.8 73.0 5.2 -115.6 * 10 -1.06 1.88 13.5 16.0

Core 0.29 * 0 � 08 - - - - - - - -
7C1745) 642 N 23.5 9.6 64.5 5.2 - -0.86 1.85 13.3 -

Core 84.1 4.9 69.4 2.9 65.4 * 4 0.16 * 0 � 1 1.69 12.3 20.9
S 33.8 8.6 98.5 9.5 12.8 * 3 -0.91 0.91 - 3.1

7C1801) 690 N 8.8 * 3 3.0 28.2 2.7 44.8 * 3 -0.97 1.11 5.5 16.0
Core 79.1 1.8 78.4 4.0 30.3 * 3 0.007 0.45 - 1.80

S 28.7 10.0 75.8 7.2 20.8* 2 -0.81 1.39 9.7 10.0
7C1813) 684 NE 15.0 7.7 44.8 9.5 13.9* 3 -0.92 0.81 - 85.0

SW 30.2 8.4 78.1 7.4 -68.4* 7 -0.79 1.14 6.1 41.7
Core 3.32 - 2.65 - - 0.19 * 0� 1 - - -
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Figure 16.Mapsof theradiosource3C267. (a - upperleft) 4848MHz total intensitymapwith vectorsof polarisationoverlaid.Thecontourlevelsareat 5s
(0.8 mJybeam�

1)x (-1, 1, 2, 4... ,1024).1 arc secondcorrespondsto 8 � 3 � 10�

3Jybeam�

1. (b - upperright) 1465MHz total intensitymapwith vectorsof
polarisationoverlaid.Thecontourlevelsareat3s (1.3mJybeam�

1)x (-1, 1, 2, 4... ,1024).1 arcsecondcorrespondsto 8 � 3 � 10�

3Jybeam�

1. (c - middleleft)
Map of thedepolarisationbetween4848MHz and1465MHz. (d - middle right) Map of thespectralindex between4848MHz and1465MHz. (e - bottom
left) Map of therotationmeasure(radm �

2) between4848MHz, 1665MHz and1465MHz. (f - bottomright) Map of themagnetic�eld direction(degrees).
All contours(c-f)areat 5s at4848MHz (0.8mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.2” x 2.0”.

Figure 17.Mapsof theradiosource3C268.1.(a - top left) Map of thedepolarisationbetween4848MHz and1417MHz. (b - top right) Map of thespectral
index between4848MHz and1417MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4848MHz, 1662MHz and1417MHz. (d - bottom
right) Mapof themagnetic�eld direction(degrees).All contoursareat 5s (5.2mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 4.0” x 3.5”.
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Figure 18. Mapsof theradiosource3C280. (a - top left) Map of thedepolarisationbetween4848MHz and1465MHz. (b - top right) Map of thespectral
index between4848MHz and1465MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4848MHz, 1665MHz and1465MHz. (d - bottom
right) Mapof themagnetic�eld direction(degrees).All contoursareat 5s at4848MHz (0.8mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 1.6” x 1.6”.

Figure 19. Mapsof theradiosource3C324. (a - top left) Map of thedepolarisationbetween4848MHz and1465MHz. (b - top right) Map of thespectral
index between4848MHz and1465MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4848MHz, 1665MHz and1465MHz. (d - bottom
right) Mapof themagnetic�eld direction(degrees).All contoursareat 5s at4848MHz (1.5mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.2” x 1.6”.
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Figure 20. Mapsof the radio source4C16.49. (a - upperleft) Map of the depolarisationbetween4710MHz and1465MHz. (b - upperright) Map of the
spectralindex between4710MHz and1465MHz. (c - lower right) Map of themagnetic�eld direction(degrees).(d - lower left) Mapof therotationmeasure
(radm �

2) between4710MHz, 1665MHz and1465MHz. All contoursareat 5s at 4710MHz (0.8mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.2” x
1.8”.c
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22 J.A.Goodletetal.

Figure21.Mapsof theradiosource3C16. (a - upperleft) Mapof thedepolarisationbetween4710MHz and1452MHz. (b - upperright) Mapof thespectral
index between4710MHz and1452MHz. (c - lower right) Map of the magnetic�eld direction(degrees).(d - lower left) Map of the rotationmeasure(rad
m �

2) between4885MHz, 4535MHz, 1502MHz and1452MHz. All contoursareat 5s at 4710MHz (0.40mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof
3.5” x 3.5”. c

�
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Thedepolarisationpropertiesof powerfulradiosources. 23

Figure22.Mapsof theradiosource3C42. (a- upperleft) Mapof thedepolarisationbetween4710MHz and1452MHz. (b - upperright) Mapof thespectral
index between4710MHz and1465MHz. (c - lower right) Map of the magnetic�eld direction(degrees).(d - lower left) Map of the rotationmeasure(rad
m �

2) between4885MHz, 4535MHz, 1502MHz and1452MHz. All contoursareat 5s at 4710MHz (1.0mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof
2.5” x 1.8”.

thelargevariationsof RM foundon arcsecondscalesmeasuredby
sRM suggestanorigin local to thesource.

Theobserveddegreeof depolarisationin a sourcedependson
thedistributionof theFaradaydepthscoveredby theprojectedarea
of thetelescopebeam,i.e. thevariationof RM on thesmallestan-
gular scales.We thereforeassumethat the depolarisationin our
sourcesis causedby plasmalocal to the sources.If the depolari-
sationis causedby a local but externalFaradayscreenandthedis-
tributionof Faradaydepthsin thisscreenis Gaussianwith standard
deviation D, then(e.g.Burn,1966)

ml 


m0 exp P

�

2D2 Q l R

�

1 � z�TS

4 U

�

(4)

whereml is thepercentagepolarisationat observedwavelengthl
andm0 is theinitial percentagepolarisationbeforeany depolarisa-
tion. Sincewe measureml at two observingfrequencies(1.4GHz

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

D

WV

�

1 � z� 4lnDM4 � 8
1 � 4

2
�

l 4
1 � 4 �

l 4
4 � 8

�

radm�

2
� (5)

We cannow, for eachsource,comparethe valueof D asde-
rived from the measureddepolarisationwith the observed rms of
therotationmeasure.If theFaradaydispersionis lessthantherms
of the rotationmeasure,thenour observationsareconsistentwith
anexternalFaradayscreen(Garrington& Conway, 1991).

Figure28 displaystheFaradaydispersion,D, for eachlobeof
thesourcesagainstthermsof therotationmeasuresobserved.It is
evident from the plot that the valueof sRM  D for mostcompo-
nents.Therearea few sourceswherethis is not thecase.However,
thesecomponentsbelongto sourceswherethe depolarisationor
rotationmeasureis only determinedreliably for a few pixelssoan
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24 J.A.Goodletetal.

Figure 23. Mapsof the radiosource3C46. (a - upperleft) 4710MHztotal intensitymapwith vectorsof polarisationoverlaid.Thecontourlevels areat 5s
(0.2 5mJybeam�

1)x (-1, 1, 2, 4..., 1024).1 arcsecondcorrespondsto 1 � 7 � 10�

3Jybeam�

1. (b - upperright) 1452MHztotal intensitymapwith vectorsof
polarisationoverlaid.Thecontourlevelsareat3s (1.0mJybeam�

1)x (-1, 1, 2, 4,..,1024).1 arcsecondcorrespondsto 5 � 5 � 10�

4Jybeam�

1.(c - middleright)
Map of the depolarisationbetween4710MHz and1452MHz. (d - middle left) Map of the spectralindex between4710MHz and1452MHz. (e - bottom
right) Mapof therotationmeasure(radm �

2) between4885MHz, 4535MHz, 1502MHz and1452MHz. (f - bottomleft) Mapof themagnetic�eld direction
(degrees).All contours(c- f) areat5s at 4710MHz (0.25mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 4.5” x 3.0”.

accuratevalueis notobtainablefor sRM or D. Thereis little correla-
tion betweenDandsRM. This is astrongindicatorthattheFaraday
mediumresponsiblefor variationsof RM on smallangularscales,
andthusfor thepolarisationpropertiesof oursources,is consistent
with beingexternalbut local to thesources.

4.2 Trendswith redshift and radio power

4.2.1 Spectral index

Wefoundnosigni�cant correlationbetweenspectralindex andred-
shift or radiopower assuggestedby others(Onuora,1989;Veron
& Veron,1972;Athreya& Kapahi,1999),whichusedmuchlarger
samples.Thissuggeststhetrendmaybepresentbut becauseof the
fact thatour sampleis small we do not �nd any signi�cant trend.

However therearetrendsfoundwith thedifferencein spectralin-
dex betweenthe two lobes.SampleB shows a largeraveragedif-
ferencein the spectralindicesbetweenthe two lobesof a given
sourcethanthe othersamples(SampleA: 2.5s, sampleC: 3.3s).
SampleB containsthe sourceswith the highestradio power and
so we �nd that in our samplesthe differencein spectralindex in-
creaseswith radio power ratherthan with redshift.The trend of
thedifferencein thespectralindex betweenthe two lobesmaybe
relatedto theextra luminosityof the 3CRRhotspotscomparedto
the6C/7Chotspots(seeSection2.2).On averagewe �nd that the
hotspotsof our sourceshave shallower spectralindices.Theaver-
agespectralindex integratedover theentiresourceswill therefore
dependon thefractionof emissionfrom thehotspotscomparedto
theextendedlobe,thuscreatingtheobservedtrend.
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Figure24.Mapsof theradiosource3C341. (a- upperleft) Mapof thedepolarisationbetween4710MHz and1452MHz. (b - upperright) Mapof thespectral
index between4710MHz and1452MHz. (c - lower right) Map of the magnetic�eld direction(degrees).(d - lower left) Map of the rotationmeasure(rad
m �

2) between4885MHz, 4535MHz, 1502MHz and1452MHz. All contoursareat 5s at 4710MHz (0.7mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof
4.0” x 4.0”.

4.2.2 Rotationmeasure

As mentionedabove, we �nd no signi�cant differencein the av-
erageRM betweenour samples.Similarly, thereis no statistically
signi�cant trendof thedifferenceof RM betweenthetwo lobesof
eachsourcewith redshiftor radiopower. This is consistentwith a
Galacticorigin of theRM propertiesof thesourceson largescales.
Onsmallangularscalesthevariationof RM asmeasuredby its rms
variationsRM shows a signi�cant trendbetweenthe low redshift

sample(C) andthe high redshiftsamples(A: 2.6s, B: 3.3s). The
exclusionof 3C457dueto np-ambiguitiesin therotationmeasure
(seesection2.3) from therotationmeasureaveragescouldbiasthe
sampleC resultstowardsa smallvalueof sRM. In principle,simi-
lar ambiguitiescouldalsoaffect othersourcesin sampleC. How-
ever, asstatedabove we�nd therotationmeasureto varysmoothly
acrosstheothersourcesin thissample.Theexclusionof onesource
will not remove thetrendwe �nd here.Thereis no signi�cant dif-
ferencebetweenthe low power sampleA comparedwith thehigh
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Figure25.Mapsof theradiosource3C351. (a- upperleft) Mapof thedepolarisationbetween4810MHz and1452MHz. (b - upperright) Mapof thespectral
index between4810MHz and1452MHz. (c - lower right) Map of the magnetic�eld direction(degrees).(d - lower left) Map of the rotationmeasure(rad
m �

2) between4810MHz, 1502MHz and1452MHz. All contoursareat5s at 4810MHz (1.0mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 4.5” x 4.0”.
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Figure 26. Mapsof theradiosource3C457. (a - top left) Map of thedepolarisationbetween4710MHz and1452MHz. (b - top right) Map of thespectral
index between4710MHz and1452MHz. All contoursareat5s at 4710MHz (0.3mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 5.0” x 3.0”.

Figure 27.Mapsof theradiosource3C299. (a - left) Map of therotationmeasure(radm �

2) between4770MHz, 1502MHz and1452MHz. (b - right) Map
of themagnetic�eld direction(degrees).All contoursareat5s at 4770MHz (0.7mJybeam�

1)x (-1, 1, 2, 4...,1024).Beamsizeof 2.5” x 2.0”.

power sampleB. This suggeststhat at leastthe rangeof rotation
measureson small angularscalesin a sourcedoesdependon the
sourceredshiftandnot thesourceradiopower. In a recentstudyby
Pentericcietal. (2000)rotationmeasurewasalsofoundto beinde-
pendentof sourceluminosityandsizebut dependentontheredshift
of thesource.

4.2.3 Percentage polarisation

The �ux observed from both lobes of all sourceswas found to
be polarisedat levels greaterthan1%, the only exceptionsbeing
6C0943+39and3C299.At lowerredshiftsthepolarisationexhibits
the largestrangefrom 0.8% in 3C299to 28.0%in 3C341.This
rangeis notevidentin eitherof theothertwo samples.Statistically
thesourcesat low redshift(sampleC) areslightly morepolarised
thanthoseat high redshiftbothat 1.4GHz (sampleA: 2.1s, sam-
pleB: 2.3s) but at4.8GHzthereis nosigni�cant difference.There
is no trendobservedcomparingthelow radiopower sources(sam-
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Figure 29.Mapsof theradiosource4C14.27. (a - top left) Map of thedepolarisationbetween4710MHz and1452MHz. (b - top right) Map of thespectral
index between4710MHz and1452MHz. (c - bottomleft) Mapof therotationmeasure(radm �

2) between4885MHz, 4535MHz, 1502MHz and1452MHz.
(d - bottomright) Mapof themagnetic�eld 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 s RM

Flux Polarisation Flux Polarisation Measure Index Measure D
4790MHz 4790MHz 1465MHz 1465MHz RM a DM4 � 8

1 � 4
(mJy) % (mJy) % (radm �

2) (radm �

2) (radm �

2)
3C65 W 524.0 19.3 1683.1 5.4 -82.6 * 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 15.7 * 6 -1.0 1.08 4.7 20.2

SE 80.0 14.1 300.5 6.8 58.5 * 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 -9.6 * 3 -1.17 1.31 8.8 24.4
Core 1.87 * 1 - 1.05 * 2 - - 0.48 - - -
W 479.2 3.5 1294.6 3.3 -21.5* 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 13.1 20.1
W 1289.2 10.0 3191.6 6.5 -7.5 * 4 -0.76 1.54 11.1 1.5

3C324 NE 432.6 9.3 1525.2 5.6 22.1 * 4 -1.05 1.66 12.1 23.0
SW 166.0 7.8 651.8 4.0 43.0 * 5 -1.14 1.95 13.9 16.8

4C16� 49 N 107.2 8.3 307.2 13.0 -4.3 * 5 -0.88 0.64 - 56.4
Jet 8.5 * 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 3.5 - -1.50 0.77 - -
S 142.3 7.0 695.3 6.4 0.9 * 3 -1.32 1.09 5.0 56.4

3C68� 1 N 667.2 8.6 1767.4 7.0 -26.6* 5 -0.82 1.23 7.7 27.7
S 36.8 11.4 134.6 6.6 57.9 * 2 -1.08 1.73 12.5 59.8

3C265 NW 224.0 10.0 478.7 5.8 42.2 * 6 -0.62 1.72 12.5 21.9
SE 318.9 6.2 835.0 4.2 32.8* 3 -0.78 1.48 10.6 22.8

3C268� 1 E 262.3 5.0 816.4 3.4 21.7 * 5 -0.92 1.47 10.5 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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(a) (b)

Figure33.Averagedepolarisationagainstprojectedlinearsize(kpc) for all 3 samples.Symbolsasin Figure1. Figure(a)assumesHo �

50kms�

1Mpc�

1, and
Wm �

0 � 5, WL �

0. Figure(b) assumesHo �

50kms�

1Mpc�

1, andWm �

0 � 35,WL �

0 � 65.

Figure 30. A plot of the polarisationangleagainstl 2, allowing for np,
for the northernlobe of 4C16.49with the dashedlines showing the best
�t models.All np solutionsfor the5 GHz dataareconsideredandplotted.
Datafor two smallregions,oneoneachsideof thejump areplottedwith o
indicatingonesideof thejump andx theother. Table8 show thec2 values
for each�t. Thejumpplottedlies SWof thecentralintensitycontour.

ple A) with thehigh power objects(sampleB). This suggeststhat
percentagepolarisationdecreasesfor increasingredshiftbut is less
dependenton radiopower.

Sofarweconsideredpercentagepolarisationsmeasuredin the
observingframe.Wearguein section4.1thatvariationsof therota-
tion measureonsmallangularscaleswhichdeterminethedegreeof
polarisationarecausedin Faradayscreenslocal to thesources.The
trendwith redshiftmaythereforesimply re�ect thedifferentshifts
of the observingfrequency in the sourcerestframefor sourcesat
low andhigh redshift.Using Burn's law in the form of equations
(4) and(5) we candeterminefor eachsourcethe percentagepo-
larisationexpectedto be observableat a frequency corresponding
to a wavelengthof 5cm in its restframe.The resultsfor individ-
ual sourcesarepresentedin Table11 andthesampleaveragesare
summarisedin Table12.Again sourcesat low redshift(sampleC)
areslightly morepolarisedthansourcesat high redshiftbut only
sampleB (2.1s) shows a result that is marginally signi�cant. As

Figure 31. As Figure 30 but for 4C16.49southlobe.Datafor two small
regions,oneon eachsideof the jump areplotted.Theseregionslie either
sideof thejumpsouthof thepeakintensitycontour.

Figure 32.As Figure30 but for 6C1256+36southlobe.Datafor two small
regions,oneoneachsideof thejumpareplotted.
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Table 5. Details of previously publishedmaps.TI = total intensity, P =
polarisation,S= spectralindex & D = depolarisation

Source Map Freq. Ref.
(GHz)

6C0943+39 P 4.8 Bestet al. (1999)
6C1011+36 P 4.8 Bestet al. (1999)

TI 1.4 Law-Greenetal. (1995)
6C1129+37 P 4.8 Bestet al. (1999)

TI 1.4 Law-Greenetal. (1995)
6C1256+36 P 4.8 Bestet al. (1999)

TI 1.4 Law-Greenetal. (1995)
6C1257+36 P 4.8 Bestet al. (1999)

TI 1.4 Law-Greenetal. (1995)
3C65 TI 1.4,4.8 Polatidiset al. (1995)

3C68.1 P 4.8 Bridle et al. (1994)
TI 1.4 Leahyet al. (1989)

3C252 P 4.8 Ferniniet al. (1993)
3C265 P 4.8 Ferniniet al. (1993)
3C267 TI 4.8 Bestet al. (1997a)

1.4 Leahyet al. (1989)
3C268.1 P 4.8 Laing(1981)

TI 1.4 Leahyet al. (1989)
3C280 P 1.4,4.8 Liu & Pooley (1991a)

S,D 1.4,4.8 Liu & Pooley (1991a)
3C324 TI 4.8 Bestet al. (1997a)

P 1.4 Ferniniet al. (1993)
4C16.49 P 4.8 Lonsdaleetal. (1993)

3C16 TI 4.8 Giovanniniet al. (1988)
P 1.4 Leahy& Perley (1991)

3C42 P 4.8 Ferniniet al. (1997)
3C46 TI 4.8 Giovanniniet al. (1988)

1.4 Gregorini etal. (1988)
3C299 P 1.4,4.8 Liu & Pooley (1991a)

S,D 1.4,4.8 Liu & Pooley (1991b)
3C341 P 1.4 Leahy& Perley (1991)
3C351 TI 4.8 Bridle et al. (1994)

P 1.4 Leahy& Perley (1991)
3C457 P 1.4 Leahy& Perley (1991)

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

Table 8. Reducedc2 valuesfor the rotationmeasure�ts for Figures30 to
32.

Source Lobe n=-1 n=0 n=1 Symbol
6C1256+36 S 382. 51. 1.91 x

981.6 1.23 976.5 o
4C16.49 N 1.6 669. 2917. o

2772. 90.1 1.7 x
4C16.49 S 151.9 0.9 62. o

45.4 0.4 34.8 x

before,thereis no trendwith radiopower, indicatingthatthetrend
with redshift, althoughweak is dominant.This is not causedby
pureDopplershiftsof theobservingfrequencies.

4.2.4 Depolarisation

Comparingthe averagedepolarisationof individual sampleswith
eachother we �nd only very weak trendswith redshift or radio
power. Whenthesamplesareaveragedtogetherwe �nd a trendin
depolarisationwith redshift but nonewith radio power. Samples
A+C (low radiopower) arestatisticallyidenticalto sampleB (high
radiopower), suggestingthatthereis no trendwith radiopower in
oursources.By consideringtheaverageddepolarisationof samples
A+B (high redshift)comparedwith thatof sampleC (low redshift)

thereis a weak trend with redshift which is echoedin the dDM
values.However bothresultsarenot signi�cant. This maycon�rm
theresultsof Kronberg etal. (1972):redshiftis thedominantfactor
comparedto radiopower in determiningthedepolarisationproper-
tiesof a source.

Analogousto thediscussionaboveonpercentagepolarisation,
thecosmologicalDopplershiftsof theobservingfrequenciesin�u-
encethe trend of DM with redshift,and in fact the true trend is
strongerthan that naively observed. To demonstratethis we use
equation(5) to derive thestandarddeviation of Faradaydepths,D,
for eachsource.By settingz




1 we thenrescaleall thedepolari-
sationsDM4 � 8

1 � 4 to thesameredshift.This allows all 3 samplesto be
comparedwithout any biasdueto pureredshifteffects(seeTables
11 and12). If therewasno intrinsic differencebetweenthe high-
redshiftandlow-redshiftsamplesthenwe would expecttheseval-
uesto beconsistentwith eachother. This is evidently not thecase.
The high redshift samplesare,on averagesigni�cantly more de-
polarised(sampleA: 2.2s, sampleB: 3.2s) thantheir low-redshift
counterparts(sampleC). ComparingsampleA with sampleB we
�nd no trendwith radiopower. However, anoteof cautionmustbe
issuedasthecorrectionsapplieduseBurn's law andmayactually
betoo large.Consideringtheprecorrectedandthecorrectedvalues
togetherit is obvious that thereis a connectionbetweenredshift
anddepolarisationbut thereis no signi�cant trendof depolarisa-
tion with radiopower. Thereis alsoa connectionbetweenthedif-
ferencein thedepolarisation,dDM, andtheredshiftof thesource,
but no signi�cant trendof thedifferencein thedepolarisationwith
theradiopower of thesource.As notedin Section2.3regionswith
signal-to-noise� 3s wereblanked in the mapproduction.In in-
dividual sourcesblanking of low S/N regions in the polarisation
mapswill causethemeasureddepolarisationto beunderestimated.
Sourcesin sampleA aremoreaffectedby this problemthanob-
jects in the other samples.Thereforewe probablyunderestimate
theaveragedepolarisationin sampleA implying thatthetrendwith
redshiftcouldbeevenstrongerthanour �ndings suggest.

The trendsof percentagepolarisationand of depolarisation
with redshiftareprobablyrelatedin thesensethata lower degree
of depolarisationat low redshiftalsoleadsto ahigherobservedde-
greeof polarisation.Clearly a variationof the initial polarisation,
m0, with redshiftwould leadto variationsof theobservedml inde-
pendentof thepropertiesof any externalFaradayscreen.Therefore
both trendscouldalsobecausedby a signi�cantly higherlevel of
m0 of the sourcesat low redshift (sampleC). Using equation(4)
we �nd m0 


9 � 3 ! 1 � 1 for sampleA, m0 


9 � 1 ! 1 � 0 for sample
B andm0 


13� 5 ! 2 � 5 for sampleC. Theuncertaintiesassociated
with the useof Burn's law in extrapolatingfrom our observations
to l




0 arelarge.Thereis no differencebetweenaverageinitial
polarisationof sourcesin samplesA andB. The differencefound
for m0 at low redshift(sampleC) comparedto high redshift(sam-
plesA andB) is small comparedto the differencefound for the
depolarisationcomparingthesamesamples.This suggeststhatthe
differencesin percentagepolarisationanddepolarisationaredueto
variationwith redshiftof the Faradayscreenslocal to the sources
ratherthanto differencesin theinitial degreeof polarisation.How-
ever note,that thevariationof m0 is not signi�cantly smallerthan
thetrendof percentagepolarisationwith redshift.

Burn's law predictsa steepdecreaseof percentagepolarisa-
tion with increasingobservingfrequency. Although the decrease
maywell be`softened'by geometricalandothereffectsin morere-
alisticsourcemodels(Laing,1984),thevalueof DM maybesmall
for sourcesin which our observingfrequenciesarelower thanthe
frequency at which strongdepolarisationoccurs.For suchsources
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Table 9. As Table6 but for sampleC. Rotationmeasureis between4800,4500,1502and1450

Source Component Total Percentage Total Percentage Rotation Spectral Depolarisation Average s RM

Flux Polarisation Flux Polarisation Measure Index Measure D
4710MHz 4710MHz 1452MHz 1452MHz RM a DM4 � 8

1 � 4
(mJy) % (mJy) % (radm �

2) (radm �

2) (radm �

2)
3C42 NW 353.9 12.5 999.7 12.3 -2.4* 5 -0.87 1.02 2.4 14.1

SE 450.6 7.5 1266.3 7.4 5.0* 5 -0.86 1.01 1.7 14.2
4C14� 27 NW 107.0 12.4 368.2 8.8 -13.0* 4 -1.06 1.41 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 -4.8 * 5 -0.94 1.27 16.9 3.9

SW 173.7 13.7 506.4 12.0 -2.9 * 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 -8.7 * 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 4.4 * 3 -0.93 2.56 16.4 10.8

3C341 NE 123.8 28.0 336.4 19.6 20.3 * 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 11.1 12.0

3C299 NE 876.5 0.79* 0 � 5 2592.4 0.43 * 0� 3 -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 22.1 * 3 10.8 60.9 4.9 - -0.87 2.2 15.0 -
SW 484.9 14.7 1510.9 8.2 -4.3 * 3 -0.97 1.79 12.9 17.4

Table 10. Meanpropertiesof thesourcesaveragedover eachsamplewith theassociatederror. Differentialproperties(dDM,da,dRM) arederived by taking
the differenceof the respective propertybetweenthe two lobesof eachsourceandthenaveragingthis differenceover eachsample,dRM is in the source
frame.sRM is thermsof theRM over thesource,in thesourcereferenceframe.Propertiesin italicsarein thesourceframeof reference.

Property sample sample sample sample sample
A B C A+B A+C

Averagez 1.06* 0 � 04 1.11* 0� 05 0.41 * 0 � 01 1.08 * 0 � 03 0.75 * 0 � 08
AverageP151 s

1 � 02 * 0� 06t'� 1027
s

1 � 01 * 0 � 07t'� 1028
s

8 � 02 * 0� 40t'� 1026
s

5 � 57 * 1 � 16t'� 1027
s

8� 97 * 0 � 47t'� 1026

AverageD 220.34* 46� 40 262.69* 55� 41 399.57* 122� 50 241.51* 35� 43 304.69* 64� 50
AverageDM 1.82 * 0 � 32 1.61* 0 � 13 1.42 * 0 � 12 1.71 * 0 � 17 1.63 * 0 � 18

dDM 0.93 * 0 � 26 0.61 * 0 � 22 0.43 * 0 � 18 0.77* 0� 17 0.69 * 0� 17
Averagea -0.87 * 0 � 01 -0.92 * 0 � 06 -0.94 * 0 � 03 -0.90* 0� 03 -0.90 * 0� 02

da 0.13 * 0� 04 0.23 * 0 � 04 0.10 * 0� 03 0.18* 0� 03 0.12 * 0� 02
AveragePF1 � 4 6.29* 0� 86 5.88* 0 � 64 9.89 * 1� 75 6.08 * 0� 52 7.98 * 1 � 01
AveragePF4 � 8 8.91 * 1� 03 8.76* 0 � 89 13.31 * 2 � 48 8.83 * 0� 66 10.98 * 1 � 36
AverageRM 29.03 * 12� 81 26.41 * 7 � 74 16.24 * 8 � 33 27.64* 7� 05 23.55 * 8 � 07

dRM 97.85 * 36� 41 115.96* 42� 81 50.77* 43� 29 107.44* 27� 62 77.68 * 27� 54
sRM 115.62* 33� 43 122.94* 28� 48 29.45 * 9� 98 119.49* 21� 11 78.69 * 22� 36

weexpectto measurealow valueof DM associatedwith a low per-
centagepolarisation.Akujor & Garrington(1995) show that one
of our sources,3C299(sampleC), is stronglydepolarisedbetween
1.6GHz and8.4GHz with almostall of the depolarisationtaking
placebetween4.8GHz and8.4GHz.We measureonly a very low
percentagepolarisationfor this sourceand the averagevalue of
DM4 � 8

1 � 4 


1 � 5 is alsolower thanDM8 � 4
1 � 6 u

4 asmeasuredby Aku-
jor & Garrington(1995). If many of our sourcesat low redshift
wereaffectedby strongdepolarisationat frequencieshigher than
4.8GHz, thenthis maycausethe trendof DM with redshiftnoted
above. Theabsenceof any othersourceswith very low degreesof
polarisationcombinedwith a low valuefor DM, at leastin thelow
redshiftsampleC, arguesagainstthis bias.In fact,Tabara& Inoue
(1980)show thatoursources3C42,3C46,3C68.1,3C265,3C267,
3C324and 3C341depolarisestrongly only at frequencieslower
thanour observingfrequencies.3C16,3C65,3C252,3C268.1and
3C280do depolarisestronglybetween1.4 GHz and4.8 GHz. In
all thesourcesmentionedin theTabara& Inoue(1980)nonehave
strongdepolarisationat frequencieshigherthan4.8GHz. Thereis

no informationfor 4C14.27,4C16.49,3C351,3C299and3C457.
Thosesourceswhichdodepolarisestronglybetweenourobserving
frequencies,1.4 and 4.8GHz, could in principle have inaccurate
valuesof therotationmeasurebecauseof this.However, thepixels
containingmostdepolarisedregionsof thesourcearelikely to have
beenblankedbecauseof insuf�cient signal–to–noisein theirpolar-
isationat1.4GHz; therotationmeasureis determinedfrom theun-
blanked(lessdepolarised)regionsof thesource,andwill therefore
bereliable.

Strom(1973);Strom& Jägers(1988);Pedeltyet al. (1989);
Ishwara-Chandraet al. (1998) �nd an anti-correlationof depolar-
isation with linear size.Thus our �ndings could be the result of
oursampleC containinglargersourcesthansamplesA andB. Fig-
ure 33 shows that thereis a weakanti-correlationbetweenphys-
ical sourcesizeanddepolarisation.A Spearmanrank testgivesa
con�dencelevel of around90%for this anti-correlation.However,
this trendis dueto the two largestsourcesin sampleC, 3C46and
3C457.Removing thesesourcesyields an averagedepolarisation
measureof 1 � 50 ! 0 � 15for sampleC, whichis notsigni�cantly dif-
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Table 12.AverageDM anddDM now shiftedsothatall themeasurementsaretakenat z=1.Averagepolarisationof all thesources,shiftedto a commonrest
framewavelengthof 5cmusingEquation5

Property sample sample sample sample sample
A B C A+B A+C

AverageDMzv 1 1.95 * 0 � 39 1.85* 0 � 24 1.08 * 0� 02 1.90 * 0� 22 1.54 * 0 � 23
dDMzv 1 1.08 * 0 � 34 1.00 * 0 � 47 0.06 * 0� 02 1.04* 0 � 28 0.60 * 0 � 22

PFl rest v 5cm 6.32 * 0 � 86 5.88* 0 � 65 9.82 * 1� 85 6.10 * 0� 53 7.97 * 1 � 04

Table 11.RecalculatedaveragedepolarisationanddDM for eachsourceif
it waslocatedatz=1andaveragepercentagepolarisationof all sourcesif it
wasemittedat 5cmin therestframe.

Source z Dz DMzv 1 dDMzv 1 Polarisation
l rest �

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 45.11 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 0.45 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 theaveragewith thesetwo sourcesincluded.Thuswe
can rule out the possibility that the larger depolarisationat high
redshift is causedby selectingpreferentiallysmall sourcesat low
redshift.

Liu & Pooley (1991a)observed depolarisationto correlate
with spectralindex but thereare no obvious correlationsin any
of our sampleswhenwe examinedthe sourcesindividually or as
a combinedsample.

8 sourcesshow dDM 
 1 over thesourceandafurther6 show
0 � 5 w dDM � 1. This implies that 14 sourcesout of 24 sources,
for which a depolarisationmeasurementexists in bothlobes,show
a signi�cant asymmetryin the depolarisationof their lobes.We
would expecta proportionof thesourcesto beobservedat angles
considerablysmallerthan90� to our line-of-sight.Thereforeit is
not surprisingthatsomany sourcesarefoundto becandidatesfor
theLaing-Garringtoneffect.

Several sourcesshow signsof depolarisationshadows in at
leastoneof thelobes.Of these,6C1256+36wasobservedto lie in
a clusterby Rocheet al. (1998),aswere3C65and3C324(Best,
2000).3C324hasbeenobserved by Bestet al. (1998)in the sub-
mm (850µm) andfound a large dustmasscentredaround3C324.

Thehostgalaxywasshown to be thecauseof thevery strongde-
polarisation,(Bestet al., 1998).

4.2.5 Summary

From the trendslisted above, we canconcludethat the variations
of RM onsmallangularscalesandtheassociateddepolarisationof
theradio emissionarelikely causedby a Faradayscreenwhich is
externalbut local to the source.This implies that any trendswith
radiopower and/orredshiftre�ect changesof the sourceenviron-
mentdependingon thesequantities.We�nd thatpercentagepolar-
isationdecreaseswith redshiftwhile depolarisationincreaseswith
redshift.Accordingto Burn's law (Burn,1966),this impliesanin-
creasein the sourceenvironmentsof either the plasmadensityor
themagnetic�eld strengthor bothwith redshift.Suchaninterpre-
tationis alsosupportedby theincreaseddepolarisationasymmetry
of sourcesat high redshiftcomparedwith their low redshiftcoun-
terparts.Note however, that the trendsreportedherearebasedon
averagingtheobservedpropertiesof sourceswithin threesamples
andthat someof themarenot highly signi�cant. A moredetailed
statisticalanalysisof our observationsin a forthcomingpaperwill
helpto testthesecrudetrends.

5 CONCLUSIONS

In this paperwe presentthecompletedatasetof our threesamples
of radio galaxiesandradio-loudquasars.The threesampleswere
de�nedsuchthattwo of themoverlapin redshiftandtwo havesim-
ilar radiopowers.Thuswe areableto studytheeffectsof redshift
andradiopower onvarioussourceproperties.

Even without a formal analysisof the correlationbetween
sourceproperties,some general trends are already discernible.
Thereis little correlationbetweenD andsRM, suggestingthat the
Faradaymediumresponsiblefor variationsof RM on smallangu-
lar scales,is consistentwith beingexternalbut local to thesources.
Thereis alsolittle correlationbetweenrotationmeasureandred-
shift or radiopowerwhichis consistentwith aGalacticorigin of the
RM propertiesof thesourcesonlargescales.However, we�nd that
therms�uctuationsof therotationmeasurecorrelatewith redshift
but not radiopower to a con�dencelevel of  99� 9%, determined
in thesources'frameof reference.

We �nd that the polarisationof a sourceanti-correlateswith
its redshift but is independentof its radio power, resultingin the
low redshiftsamplehaving muchhigherdegreesof polarisation,in
general.Wealsodetecthigherdegreesof depolarisationin thehigh
redshiftsamples(A andB) comparedto sourcesat lower redshift
(sampleC).Thissuggeststhatdepolarisationis correlatedwith red-
shift. Thesetwo resultsareprobablyrelatedin that lower depolar-
isationat low redshiftleadsto both lower depolarisationmeasure-
mentsandalsohigherdegreesof observedpolarisation.

Our �ndings on the rotation measurementsand polarisation
propertiesof oursourcesareindicativeof anincreaseof thedensity
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and/orthestrengthof themagnetic�eld in thesourceenvironments
with increasingredshift.

We �nd a numberof possibledepolarisationshadows, mostly
in sourcesknown to belocatedin clusterenvironments.

We�nd nocorrelationbetweenthespectralindex andredshift
or radiopower. However, we do �nd thethedifferencein thespec-
tral index, acrossindividual sources,increasesfor increasingradio
power of thesourceandalsowith increasingredshiftof a source.

A moredetailedinvestigationinto these�ndings will bepre-
sentedin a forthcomingpaper.
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