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Fig. 2 Distribution of sizes of nuclear 
sources in spiral galaxies. 
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MAIrJ . .COMP0 ENTS OF ...RADI.O. ..G.A.LAXIES. 

a 
JETS 

HOT SPOTS 

LINEAR SIZES <<_1O PC 
T 

RADIO SPECTRA

EQUIPARTITION MAGNETIC FIELDS I0 GAUSS 

LINEAR POLARIZATION 2Z 

LINEAR SIZES 1 TO 3C<J,OGO PC 

RADIO SPECTRA V'0'6

EQUIPARTITION MAGNETIC FIELDS 10 To 1r j6 GAUSS 

LINEAR POLARIZATION O TO 65% y

LINEAR SIZES 1000 TO 91flPC 

RADIO SPECTRA '1) -'06 

EQUIPARTITION MAGNETIC FIEFS IO GAUSS 

LINEAR POLARIZATION '-1.5~ 

LINEAR SIZES 50,000 TO 1, (}T 000 PC 

RADIO SPECTRA N -08   TO V" 3

EQUIPARTITION MAGNETIC FIELDS 3 x 6 TO 10 5

LINEAR POLARIZATION f TO EC 



80 

60 

40 

R 
20 

C 

S 
E 
C 0 

-20 

-40 

-60 

PccYs ai? Q 

J.Il  .L__ 

t'cQL \*- It 

1. Yd! '1fi ti l tL . Lci~L.ILLNb.I 

60 40 20 0 -20 -40 

CENTER AT RA 09 17 
AC SEC 

50.05 DEC 45 51 37.2 
PEAK FLUX = 0.7354E-01 TY/BEAM 
EEUS = 0.7354E-03 t -2.5, 2.5, 5.0, 

10.0, 15.0, 20.0, 25.0, 30.0, 3S.0, 
40.0, 45.0, S0.0, 55.0, 60.0, 65.0, 
72.0, 75.0, 80.0, 65.0, 90.0) 

~rk 



ThSciL H 
30219 4BB5.100 MHZ VLA 0"3 x 0~'4 

4 

D 
E 
C 
L 
I 
N 
A 
T 
I 
0 
N 

45 51 40 

35 

30 

25 

09 17 50.4 50.2 50.0 49.8 49.6 49.4 49.2 49.0 
RIGHT ASCENSION

PEAK FLUX = 0.4761E-01 JY/BEAM 
LEUS = 0.2000E-03 ( -1.0 1.0 2.0 

4.0 6.0 8.0 10.0 15.0 20.0 25.0
30.0 3S..0 40.0 S0:0 _100...0)

I 



tCL €xtt eiAc(c Sd~,nre o 

--- -- - r th 2'3_.Sou~ZC.ES ' r [f Mort Co Pow G S Pte. IO ~  
-  

Joe she ~etSY e_  ~-s~de~f."- - (c4. j) 
 3,L— d~nu~ted. 

ns.bLe, b3 X 
—`bat notl —

JO_L nn8'1. a 

-- bv`gkte ,Qar0z s e j&_1 &S -shaLt_)1e Cder~.- B(t se 
L  4j & n6tAt& br3 iç 3cakjef 

I T 

  €1S nrlQt e_ t [.c, - taretobe b! 

3 s 
~ov~CE~ W \TM -fit (G-H CDR PoW S._ ~ _ gD /) 

— e Scsz~e: - r~s tee.  ~n~-s~  ' (?- 4:  f 

fro  hX~ kLo 

—  is r inQ,~e c`n. b rig Lt s~ofs 
  Lg '  J e;"t "_C;.  '& cm S 

, ~, A4 

 dr, GZ n rvt ~,~  ~Qkk -i f - cr~-e: ct &A

-- Qect~rkence { r s  C fe. & 4kQ'  
  eQ bk j ._ 7C~ -   ( o.os) 

l~o3CR. -t~SRs .- r 

:,; - 



<y*.__ 

13 11 00 

10 30 

00 

03 30 

00 

06 30 

VLA t':'3 
M84 IPOL - 4885.100 P1HZ M84 6BC U3_ICLN_1 

7~ 

1 

t 

O 

I 

0 UQ 
~pp 

O O o 

0O 0 
e 
. 0

-0 ~00 

'O 
O O 

Q 

fl
0 
a 

O OC 
o ~' 10 0 0 0 

I 

12 22 36 34 32- * 30 
RIGHT ASCENSION 

PEAK FLUX = 1.8026E-01 JY/BEAM - 
LEVS = 0.1803E-03 ( -2.0, -1.0, 1.0~ 

t. 

s„~.c.F 1..... 

2.0, 3.0, 5.0, 10.0, 20.0, 30.0, 
50.0, 100.0, 200.0, 300.0, 500.0,1000.0)

= 5,5 x
W~ 

a ' 

z 

ga1~ ice. ~~r 

•3-1:  : =dnz.: ---.:  +,::K -̀ e=":= = ':•rte - "t'= ra`esi:r"'~. 

AL Air  

LO 3~~A TbAtCGrr. 

- 



D 
E 
C 
L 
I 
N 
A 
T 
I 
0 
N 

.3C2.13. 
02 19 4S 

40 

35 

30 

25 

12 26 

IPOL 

.QSO 
: O.158 . 
488S.100 MHZ 

VLA O"6 
3C273C. ICLN4. 1 

33.4 33.2 33.0 32.8 - 32.6 32.4 32.2 
RIGHT ASCENSION 

PEAK FLUX = 0.2930E+02 7Y/BEAM 
LEUS = 0.9757E-02 ( -1.0 1.0 2..0 

3.0 4.0 S.0 7.5 10.0 12.5 15.0 
20_0 25.0 30.0 40.0 50.0 75.0 188.0 
250.0 500..01501.5) 

t c - a A A ~~kO 3c



U I 

I, 

('A g -~ 
o 

S z 

3c2'73 
l o  CORE 



fi
Y 

s 

30416 MERL. E N/EVN 16CMS 

a • 

I—

;i? l;y+E'1:it;r!

o •o`v 
w 

0 

C 

O 

a 0 

f 

:j4 i 

,,;, , y
t'1r. 

CONTOURR IN PERCENT' 
o.z 
3.2 

S.P. 
.. 

D. 4. 
6.4 

o.a 
L8.0 

i.c 
25•a 

c 437GmJ ea 
beam BOmaa 

 J . 

5 •• M EtZI. 

$ MEI2U~ 8c 4 N O.2 
7 i g r./O'.

r. 

RESTORING BEAM 

~luaclu~, urn ~ & kec~ 
i 

A~' 



rca . 

(A FE4! OF THE) PROBLEMS POSED BY RADIO GALAXIES and 9SR5 

ENERGY BUDGET J 
-- MINIMUM (EQUIPARTITION) ENERGY RESERVOIRS OF EXTENDED LOBES 

ARE OF ORDER 10 TO 10 Moc2 

2. COLLIMATION/CONFINEMENT 

-- FREE RELATIVISTIC PLASMOIDS EXPAND AT SOUND SPEED ciJ 

BUT SEPARATE FROM GALAXY AT VELOCITIES < c 

-- SHOULD THEREFORE SUBTEND ANGLES > 2 TAN-' (1/f) AT GALAXY 

S 60" 

-- MOST RADIO GALAXY LOBES SUBTEND ANGLES « f0° AT GALAXY 

-- MEDIAN ANGLE SUBTENDED BY HOT SPOTS -'-'0.6° AT GALAXY 

-- HENCE MOST LOBES NOT FREELY EXPANDING BUT CONFINED 

MUST BE ENERGY LOSSES WORKING AGAINST CONFINEMENT 

3. ADIABATIC EXPANSION LOSSES! 

-- IF MAGNETIC FLUX CONSERVED B oc R-2 (R = PLASMOID SCALE) 

PARTICLES WORK AGAINST CONFINEMENT E oc 
R-1 ` 

-- SYNCHROTRON EMISSIVITY DECLINES AS R-2x [N(E) oc E-x 

FOR OBSERVED x ̂ '2.5, R-5 DECLINE IN SYNCHROTRON EMISSIVITY 

-- OBSERVED LOBE STRUCTURES REQUIRE SUPERLUIIINOUS "EVENTS" 

4. LIFETIMES OF RADIATING PARTICLES 

-- SYNCHROTRON LIFETIMES OF PARTICLES IN HOT SPOTS (IN 

EQUIPARTITION) ARE LESS THAN SEPARATION FROM GALAXY 

C 

-- NEED CONTINUOUS SUPPLY OF FRESH PARTICLES AT HOT SPOTS 



PRIMA.RY... IN.GREDIENT.S ..OF . "REAM"- :MODELS 

ENERGY GENERATION
IO \ s - 'o4&L RQ-

f 

* WELL WITHIN OBSERVED RADIO CORES i 

* INFALL OF MATTER, ANGULAR MOMENTUM, INTO DEEP GRAVITATIONAL POTENTIAL 

WELL AT CENTER OF GALAXY 

* CONVERSION OF GRAVITATIONAL, ROTATIONAL ENERGY INTO BULK KINETIC ENERGY 

ENERGY TRANSPORTS 

* 

PATI4'IAY SHOWN BY RADIO JETS 

* COLLIMATION OF KINETIC ENERGY OUTFLOW BY (A) NO77LFS 

(B) DONUT HOLES (THICK DISKS) 

(C) VORTEX FUNNELS 

* DIRElE ) OUTFLOW CAT 4rJHAT VELOCITY ??) OF ENERGY, MOMENTUM IN TWO STREAMS 
x 

ENERGY CONVERSION  I 

* SITE INDICATED BY RADIO HOT SPOTS 

* SUPERSONIC FLOWS END AT SHOCKED INTERFACE WITH CIRCUMGALACTIC GAS 

* RANDOMIZATION OF DIRECTED KINETIC ENERGY, PARTICLE ACCELERATION, ETC. 

ENERGY DISSIPATION 

* DIFFUSION THROUGHOUT RADIO LOBES 

* WASTE HEAT ? 

t 

. ~: 



1. 

IMPLICATIONS OF RADIO JETS FOR PHYSICS OF 

ENERGY TRANSPORT IN RADIO , 

GALAXIES AND QUASARS 

EXISTENCE OF JETS 

-- FLOWS OF RADIATING PARTICLES AND FIELDS FROM ACTIVE NUCLEI 
TO THE DISTANT RADIO LOBES, COLLIMATED AT OBSERVABLE 

• DISTANCES (SEVERAL KPc) FROM THE ACTIVE NUCLEI 

2 WIDTH EVOLUTION OF JETS (COLLIMATION) 

-- CONSTRAINTS ON MECHANISMS FOR CONFINEMENT 

-- EVIDENCE FOR LARGE-SCALE HIGH-PRESSURE ATMOSPHERES ? 

3. 

a: 

5.. 

LINEAR POLARIZATION DISTRIBUTIONS 

-- ORGANISED MAGNETIC FIELD STRUCTURES, PARALLEL -~ PERPENDICULAR 

-- CORRELATIONS WITH RADIO CORE LUMINOSITY 

INTENSITY AND SPECTRAL DISTRIBUTIONS 

-- EVIDENCE FOR PARTICLE REACCELERATION ALONG THE JETS 

JET BENDING 

-- EVIDENCE FOR JET STABILITY 

-- CONSTRAINTS ON (MAGNETO)FLUID DYNAMICAL MODELS 

SIDE-TO-S IDE ASYMMETRI ES 

-- ?? (STRONG UNEXPLAINED CORRELATION WITH LUMINOSITY) 
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