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_Extended Extrégaléétic Radio Séurceé

Most extragalactic £adio sources which have been discovered at low
frequencies (v_m 178 MHz) are fodnd to have extended radio structure ranging
from ~1" to several degrees in sizé._’The‘simplest and most common description
of these sﬁructure is double.

AAﬁ resolﬁﬁioﬁvénly a fé&r;isé;fS;t;é;—££an thé méiggﬁm sizé of.the séurce,
most gxtragalactic sources appear to consist of two apﬁroximately symmetric radio
lobes with their optical counterpart di;ectly between.them, »This is true for both
radio galaxies and Q.S.0.'s. Also sources without optical identifications (blank
fields) have a basically double structure. For this reason theoretical work on
extended soufces has concentrated on models which:produce doubles. However, at

higher resolution it becomes clear that significant differences exist between

double sources as discussed later.

‘

Classical Double Sources

Most models éf éxtragalactic sources are aimed at explaining fciassical
double sources". High»résolution observations of these sources reveal ﬁhat each .
of the lobes is dominated by a compact knot of emissioq usually with a tail of
lbwer brightness emission leading back to the optical identification. Usually
there is also a compact bright spot centered on the identification as well. The
spectrum of the outer lobes is ﬁsually a power law with a spectral index, o,
(Sv =k Vv® Jy) with o &~ =0.6 to 1.2. The extended structure of the éources are

usually linearly polarized with percentages varying from ~1 to ~20 percent.



‘ The spectra; polérization; and sérface brightnéss of ﬁhe‘emitﬁing::. o
regions strongly suggest that the radiation process. is 1ncoherent synchrotron .
emission (that is radlation produced by relat1v1st1c electrons sp1ra11ng in a
‘magnetic field). Thevpower law spectrum‘suggests that the energy distribution
vof the eiectrons is also-poéér law; :
Following Pacholczyk (1970) and Kellermann (1966), if one con31ders a‘

cloud of relativistic electrons w1th a power law energy dlstributlon

N(E) dE = KE‘Y dE : ! a

trapped in a magnetic field, H, the s§éctral density ofjsynchfotroh emission
observed is givgn'byw .
3, (/2 v Aen/20

where r is the equiValént spherical.radius of the éloud‘

N7

o = 3el4 e = 6.27 x 10718 @

_ an& the region is assumed to,be‘optically thin. The observed spectrum is thus

also a power law with

s=w W
.- and : o ‘ o , :
a= @2 o (5

A number of ways exist in which to further estimate the bhysicél paraﬁeters’
of the source. The most common of these is to calculate the minimum total energy

ﬁhich could producé the observed radiation an&vthe magnétic field strength which 
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this condition implies. First one defines

Eiotal = Ep +E +E . "‘, ‘: . o 6)

. .where

-Ep is the total proton energy
E_ is the total electron energy and
'Ey is the magnetic field energy
Since one probably does not ever observe proton radiation, one must assume
the ratio of proton to electron energies, k. Estimates of k range»from ~1, which
~is appropriate if annihilation of matter and antimatter is the source of the energy
‘to accelerate the electrons, to 2000 from an induction-type acceleration mechanism.
Probably k = 1 is now the most common assumption which is not to say we knew the
~acceleration process but that k =1 seems to be the simplest assumption.
The magnetic field energy with a source of radius r is .
| 2 2.3 ¥
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where ¢ is the fraction of the source's volume occupied by magnetic fiéld and by
relativistic particles.
 The electron energy is given By ‘
Ee:j 2 EN(E)dE = kj 2 Y gg o ®
~ The total observed radio luminosity is
L= 4ﬂD2 j 2 Svdv ‘ e R ¢))
S vy C : - DR
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where D is the distaneevtovthe radio source.

From synchrotron theory,

‘E. 4E | N | 2 (E, —+2 -
L t‘ 2 §& N@aE = KCZHL J' 2 ¥ e - ao
El S » | El - ..  | - {‘ Co
where ci ='2e4/3 mécz ='2.37'x 1073 (11)
Elimlnatlng K between (8) and (10) ‘
E = c-l L H -2 y=3 71 -2 : B S
e 2 : Y-2 E ~Y+3 _ E Y+3 S _ N (12)
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Now since the characteristic synchrotron frequency is related to the particle energy

by _
v = c HE L o asn
c 147 : S L o S B
one finds. _
E, = ¢y, (@, vy, vz) QL L» o . T o (14)“
wvhere | O (1—2a)/2 (1-20)72
R c1/2 20-2 V1 ¥2 o (15)
12 2 1l 20-1 (l-a) S (l-a) o
v Y
- 1 2 ‘
Substltuting (14) and (7) into (6)
o __i*_ ’ "i - vbf . | o
Etotal (1+k) 12 L + S : - (16)
| :-_EQuation (16) considered as e’fuﬁetioﬁ of thevmaghetic field obtains a minimum when
=3 () E o Ay
- This correspondé to a minimum total energy of
(min) _ 7 =32 o
Brorar =% (O Eg =g o &1 (18)
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The corresponding magnetic field is equal ‘to
217 (19)

2/7 2/7 _2/7 _ 6/7 2 1

total‘v

g®in) o g, 27 @) r
 Substituting (19) into (18)
(min) _ 417 377 /7 41T I
13 (1+k) ¢ ol _(29)

These qnantities,'while-not‘necessarily the actual total energy or magnetic
-~ field values do givevns a general idea of,the‘likely:parameters of a source. ‘Some
physical arguments along with other methods--of estimating source parameters also .

- usually given similar values for extended sources.
. Source Models

Present models of extragalactic double sources can be divided into three
”classeS°v plasma clouds, reletivistic beams, and superﬁassive objects. In plasma ’
cloud models the source is usually produced by an exp1031on in the ‘nucleus of the

v: galaxy or Q.S.0. The cloud is then confined by the ram pressure Pe v2 produced

Xt

ext is the density of thevgas through,which,the‘,

by the surrounding medium where,p
- cloud is moving and v is the velocity of'the'clondvrelative to that medium.
'Relativistie beam models assume that instead foan,exnlosion,‘quasi‘continuoué
L produetion of a relativiStic‘fluid_qeénfé in the;nuclené, This fluid either in the
ferm of particles or yeny;IOW ffequency_eleetromagnetic-wave flons along a narrow
"channel out of the gaiaxy} At the end of the_channel the'fluid encountersba region
of denser material and is decelerated. At this "working surfaceﬁfhighly relativistic
delectrons afe generaﬁed and thé”local magnenic field is amplified, producing,nhev

observed radiation.
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| A third apptoech assumes that the-rediatieg pafticles in the 1bﬁes.of radid.
‘aeubles are produeed by condensed queets'ﬁhich have been fhrbﬁn out ofvthe parent
galexy. The model of this tjpe currently most in favor is the slingshotbmddel;,
This'quel proposes that as»the result Qf:a close three body encounter in>£he:v
galactic nucleus supermassive black holes (NIOS,MO) have been ejected. These.
eobjects tﬁen eeceletated pértieles somehow, possible through procesées‘related to

the accretion disks which should form eround them.

Other Extended Extragalactic Sources.

In addition to classical douﬁle sourcee one fiede other more'reiaxed;iookieg
';adievsources. These seurees still often haﬁevgeﬁerallfldouble strﬁeture;'but
instead of having two bright knots at the ogtef edge ofvtheirédio emitting region
‘the brightest.regioné of the sburce are mear tﬁe gaiexy with ieﬁer'brightness
regions.ektending,furﬁher'out. .Theée sources are significantly iower in;abselute f
lgﬁinosity than clessiCal doubles and seem to'be.almost always found in clusters
of galaxieSx'eIn<geﬁeralbit seems likelyvthet the higher gas densities and tempefe- B
,tureé'expected in clusters plus the motien‘ef ihelparent.galaxies with respect to
‘ the»eurroundiﬁg mediUm»eccount for these differences, although the subject is

certainly more complicated thah»thisisimple'explahation implies.
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