From: CVAX: : ABRIDLE 14-SEP-1990 10:58
To: EFOMALONT, ABRIDLE
Subj: Possible changes to 0326 paper

Suggested changes to 0326 paper based on referee’s verbal comments (AHB):

D I I P . e e e g e e e e i i

**x page and line numbers are from Paola’'s submitted version ***

>

on p.4, line 9 "galaxy UGC 2755 (VV 7.08.14)".+
on page 7, line 7 for "antisymmetric", put "{\bf S}-symmetric" 7

on p.1ll, line 9. "Both the CLEAN (Figures 9 and 10a) and MEM
deconvolutions (Figure 10b) show that, beyond this brightest feature,
the ridge line of the jet deflects to the south then oscillates around a
mean position angle of -92.3. The oscillation "wavelength" is
ill-defined, but of order 2.5". ©Note that the region shown in Figure 10
is about as long (in projection) as the entire omne-sided optical/rad%g/’
jet in M87 (Virgo A), which shows a similar sequence of features."

p.15, 1.8 add "necessarily" before "exhibits"

page 18:

Figure 18(c) has been regenerated as a laser printer plot and I am
shipping its QMS plot file to Paola by E-mail. We can either combine
it with the existing panels in a 3-panel Figure (as implied by the
text), or drop it and the text (we don’'t refer to the result again

later). Adding panel (c) properly to the Figure will imply some delay in

our graphics NRAO queue again. I‘'m not sure it’s worth the effort!
p.19, line 1 Figures 18(a) and 18(b) also both show ....

P-29, line 12 These estimates of $v_j$ cannot be taken as rigorous upper

limits, however. The underlying assumption of equipartition

is questionable. The apparent spectral gradients also

depend on resolution and are not monotonic, as they would be

if they were produced entirely by spectral ageing. These
estimates do illustrate, however, that relatively low

velocities are consistent with;the larger spectral gradients

in this jet ....... QJB@Aﬁkﬂ
(N.B. we should drop the italics on "upper limits"; the

referee felt that they overemphasized the upper limit given
the above caveats and the fact that we throw it away later!)

p.36, line 19, add to end of paragraph:

Our estimates of jet velocity and Mach number imply sound speeds
in the jet of 250 h~{- 43% \kappa"{-1} &mn/s near \Theta = 10" and 18
h*{-4/7} \kappa“{-1}-Em/$)near \Theta = 100". In ionized hydrogen and
with \kappa = 0.04, ‘these correspond to temperatures of 1.8 x 1079
h*{-8/7} K and 9.4 x 10”6 h"{-8/7} K respectively. The inner jet may
therefore be closer to the regime in which the correction for the

thermal energy is significant. ~ VWoeh) ntnd> Do cﬁJL\x4XAA sce- A .
2% g e e
p.37, line 3

The apparent complexity of the spectral index structure in this
jet casts some doubt on the velocity estimates from spectral ageing,

—
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wvhile the lack of depolarization and RM structure in the outer jet

argues strongly against high values of \kappa or magnetic fields that

are much stronger than their equipartition values. Because of the
discrepancies between the spectral indices we obtained at different
resolutions (see Figures 17 and 20), we give greater weight to the higher
velocities derived from the energy budget.D

In Table 5:

rms noise on VLA 0.6 x 0.6 image is 40 micrody/beam, not 10

footnote: the rms noise in the 6" x 10" data at 1.465 GHz is dominated
by responses to a confusing source to the south-west; the rms is
therefore given separately for the East (E) and West (W) halves of
the field.



From:  CVBX:RBRIDLE S-APR-1990 106
f1<3 ASTEGE : :FROLINA, ABRITLE
Subj: A statistics arcund 0326

Facla, D've reslised that I completely forgoel o put the RH siatistics
into the draft that 1 sent yoeu. I alsc had & couple of guestions abod
your E-mail sessage in January. 5o here QUeES ...

Ins youir mescane you said that you had searched out to 10 degrees from
0326, but fwe of the scurces you sent (3088.2 and 4029.08) appesr to be
over 13 degrees amay from the galactic coordinates you gave for 0326,
fig you search cut o 15 degree rather than 1Y, by any chavce? flsg,
Simzrd-Norwandin and Kromberg give RS for twe other souwrces at similar
distances from 0326 - 30B8. 1 (I = -145.6, b= -24.0, Al = -83 +/- 2}
ard 3031 {1 = 147.8; b= -39, RM = -13B #/- 1}. BRIl of this says that
the Riis of cther scurces arvcurd 0326 are ivgeed highly dispersedy sc
does wed change your conclusion, of course.

Shall we add to the fourth paragraph of Section B.4:

"It is int ciear; however, whether the Faraday screen is asscriated with
rot

the radic galaxy o with the foreground medium of our galawy., B2 0326+33

is at i=i33. 1, b=-13.6, & vegion in which the rolation weasures of other

extragalactic sources show considerable dispersion.  The fis of ten other

extragalactic sources within 5 degrees of B2 0326439 rarge from -136

rad #°-2 to +33% rad ®°-2 and their median iz betees 18 vad »™-2 and 23

rad -2, "

This then squares with the siatemerd in the absiract about net being able
to tell where the soreen is {(shich we seglected fo make in this Section of
the paper iiself!l.

Fimally, in your message on 18 January you said that Beclion 6.4 was in
the wrong place. I didn'i think it was {Section 6 is supposed o be all

the lche properties) ‘sc am | missing scmething important?

Sorry ©oleft this oub, @ simply sis-sorted your Jaruery sessage in the
pile I have Tor 0326 and dide'i uncover the cwission until today!

Cheers, Alan




Listing of: c:lether\hardee.txt D:08 pm Wed Mar 28, 13590 Pane 1

Froms CVARX: :ABRIDLE 11-DEC-1383 14:54
Tes ABOET 1 PAGLING, ARRIDLE
Subj: RE: 0326+33

Hello agsin Pacla. 1 hope you got baok ook, despite the storm.

I just talked apain with Fhil Hardee about the differences betweern his
formulae with the i+sgri{eta) arnd 0, 66+sgri{eta) in the derncmirator for
the spatial-domain analysis. He says the 0.66 was a better fit to the
curves for high Mach numbers, but that at low Mach numbers the wavelengths
do indeed get shoriter than this analytic form predicts.  So it may be best
too use the formula he gave iw 1984, which is better for lower Mach

rumbers but still gives a longer wavelength than pure time-—-domain
analysis. Phil alsc supgested that we say that scmething like a +/- S0%
range in the Mach rumber is consisternt with the uncertainties in this
business for the lower Mach rnumbers. 1711 put some words in to that
effect.

It was good to see you apgairn, and I hope we really are close to beinp done
this time. Wkhen I locked again at the business of BM gradients, I wasn't
too keen on saying much about lobe—to-lcbe differences as Stefi suppested,
because of the ambiguities and the remaining differences betweer the VLA
arnd WSRT "answers"., But it might ke interesting to say whether one lcbe
o the cother has & mean BM that is cleser to the mean of nearby scurces.
You thought you would already bave the rnearby-scurce RM statistics —— let
me know if you do, and perhaps suggest what you would like the paper to
say about this.

Best wishes, Alan
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Table 8b. Physical parameters of

the broad components

Radio luminosity
at 1.4 GHz ‘

Component sizes
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Page

Table 7. Polarization parameters of the lobes.

Eastern lobe

21 - & =&

o0 = 21 ~ 0 + 10
Dep.Ratio(S0/21) ~ 0.2
(R.M.)i ~ 11

rad/sqg.m.

Western lobe

60

i4



Page

Table é. Total intensity parameters of the lobes.

Eastern lobe Western lobe
Flux at 5.0 GH=z 160 mJy 125 wJy
nwo o g4 530 " 1o "

Ny S oeE i130 * 1070 "
Spectral index O P 1.05
Angular size 120"x 0" 120"x 80"
Table 4. Polarization parameters of the

Central component.

Central component Core
{core subtracted?

% 10CEY  13CW) 2
S GH=z
deg 102 ", 101 ¢ 20
% 16 " 20 %
1.4
deg 112 M 20"
I/- 3 111 5 i
0.6
deg —60. " 2a ¢
(R.M.) 2" a " (from rotation angle)
rad/sg.m. :
(R.M.> ~ 10 (from depolarization)

1




Page 11

Table 3. WSRT map parameters.
Frequency | HWHM ! Int. Spacings | R.M.85. | Off-set | )?
i ! sh./incr./long. | noise izero lev.i N
GH=z i arcsec ! wavelengths i omJy H mJy b L/
: ! f ; ! ! ﬁ’
5.0 VA& x 10 1 F00/600/26630 1 0.5 i = 0.2 i \jﬂ
1 ‘ t 1 ' I 71
i i i i i /
5.0 P26 x 41 1 900/600/69200 i 0.8 i = 0.5 .} /1
1 ] i i i i
i ] i i 1
1.4 i 26 x 41+ B857/343/64656 i 0.8 i = 1.7 i {
i H H i H !
1.4 i 26 x 41 | 172/343/6626 i 0.8 HIRR B (- R '
: ' ! ! ! ‘
1.4 i 51 x 80 t 172/343/3257 1.6 - 0.5
1 1 ] ] 13
1 13 i i 1]
Q.4 P26 w41 1.2 1 i = :
H H P 0.5 UlBi = H
i i i i H
0.4 i 51 % 30 1 110/147/3267 P 2.7 i - H
VLA ma\f %um,wszﬂ Mﬂ\, i .
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Page 12
Table 4. Core parameters.

VLA

R.A. 03 26 046.7 02 2¢ 06.-50
Dec 39 37 14.4 39 37 4.0
Flux density at 1.4 GH=z S0 wJy 50
(VLAY *
n i i 5.0 i \?8 11 7%
(WSRT?
Spectral index = 0.55
Angular size {3 x {5 arcsec
Radio Luminosity 3.6 % 10OEZ22 W/H= 7
at 1.4 Ghz /

Table 4b. Jet parameters

Total flux at 5.0 Ghz 250 wmIy

Maximum length + 2.7 arcmin
Transverse size ¢ 5 arcsec

at iae
Brightness Y .25 wmJy/sg.arcsec
Transverse size ~ 20 arcsec

at 20
Brightness 02 wmJy/sg.arcsec
Spectral index e PR Gl e P |
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Table Ba.

Phvsical parameters of the jet

Radio luminosity

at 5.0 GHz

Linear size

at
Transverse size
at

+ 6.5 Kpc

t33 A AJ

1.5+ 1023

+ 63 Kpc

(1.8 "
~7-0 n

'>10_5 fauss

6

™~ 3,710

-3 —3
r~ 343“ 10 cr

370 ¥x/sec

=1
W Hz
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Table B8b. Physical parameters of the broad components

{Radio luminosity

i -
2.8']03 .
at 1.4 GHz

A Hz

Component sizes 36 x 44 ¥pc

=71 R -
Equipartition 6 *10 g erg co
energy density
Equipartition Y R '1056 erg
ETEIgY
..
Eec 2 =10 EEUSSE
_ - -4 -3
n‘e,:. 3 10 c
Thermal plasme 2ke ]O+C X
c
mass

M.—a""""

U
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Page 13

Table %Total intensity parameters of the lobes.

Eastern lobe Western lobe

Flux at 5.0 GH= 160 mJy 125 wly
v ot g g ™ S30 * 510 ¢
S o 1130 1070 *
Spectral index Q.25 1.05

Angular size 120"x 30" 120"x 30"

Page

Table%Polarization parameters of the lobes.

Eastern lobe Western lobe
21 - & == &0
50 - 21 ~ 0 + 10 ~ 70 + 30
Dep.Ratio(S0/21) ~ 0.2 0.4
(RMo) i L O ~ B

rad/sq.n.

i4
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Dear Alan,

some comments on the 0I24+3I7 dra

- I don't think we can say more on iobe
polarimetry since the data are so uncertain i the
lobe magnetic field configuration is similar to
that proposed by Laing (1980) (sphere model) but
due the uncertaintises of the polarization data I
don’ t know i1if it is worth to do numsrical
simulations in order to look at the depolarization
properties.

I have plotted depolarization against total
intensity for the lobes to see how different they
arel it is confirmed that the two lobes differ
significantly in their patterns of depolarization
only if we consider the brightest part of the lobe
(see plot).

I agree that it is bettar not to estimate
sound or Alfven speedssince ne upper limits are
not secure.

o

££=

- Wiggles

The biggest problem in using Blandford/Icke
analysis is that the wiggles are asymmetvricy one
big wiggle on none side onlyid 1f instead we use
Hardee or Ferrari analysiss although aade for high
Mach nhumbers we find in both cases j{b¥f?:x%' &
.01 the density ratio needed in the ﬁid&nell’s
model ( using a Mach number of 2-2 and AN /7 R ~ 3
=10y .

e

- Jet velocity

I have sstimated Jjet velocity using the
lifetime argument (Spangler formulas?) and the
anergy budget arguments of Bicknelli: thea raesults
are in agresaent.

I have used Bichneli: wmodel rtor the jetsi hare
are the best results I have obtained. For the
main jet (west J» it is possible to obtain a
reasonable result while for the countsr jet
averything is more uncertain.In any cass it seswms
guite cevtain that for the =ast jet Rc has to be
bigger than for the west jet. I don’t hknow 1if
this iz =nough to explain the Jjst asymmstry.

I will b= in Boston at the VWLBI wmeeting and after
at the VL& for two weeks. It would be nice if
could mest and go on with the paper.

Regards
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O326+35

Dear Alary,
here enclosed are some comments on the 0386439 paper.

1 PFage 16 Helical distortions

The expression givern by Herdee is guite different from the expression of
Faerrari et al. (M.8. 1983, 1285,% ), For the same value of eta, M it

diFiers by Y2 (Ferrarid being higher).

Notbe that im spite of the apparerntly different amalytical expressiarn,

the twoe relaticonmship ave smilar, having for instance similar slope with

i,

My ddea aboat bthise?

Furthermore all  the formulae ave approdimate espressions and valid Foe

My 3.

2 Fapge 80 Fit using BRicknell model

A1l the parameters Beta, eta, Re ; M were wvaried independently and the

best Fitting model was determined from the miniman ohii-sguare Fit to

the surface brightrness.

Blonmg/Bpevpend = 1 at the fiducial podnt thebss=Gv

It s idmpossible to cbtailn a good Fit if points with theta ( 2ov

are included.

I crder to obtain a semi-gquantitative estimate of the allowable rarnge o

£

wach parameter  we have determined the values of parameters For owhich th

@

reduced ohil squared is +- 1 removed From its mindmum valae.,

mimimim ohi sguare reduceds=4, 0

1.4 X Re < 1.4

1. ¢ { 4.0

1.0 { beta ( 1.2

O 00 omta {0, 08

3 Table 2 0.6 GHz

Ubserving date Jam. 1883 only

Int. spacing 72 + 72 ¥ n

4 Table 3 0.6 Ghz

Int. spacing 147 /1467 /5457
147714773234

Lero of feet ™ 0.1 mdy

There is & mikbture of units (I and pauss)

& Fipg. 21
This figure was shetcohed by hand by Roberto. Maybe it 1s better



Lo have the drawing dome by NREO grapghics. v///
Fig., &&
At the momernt we have some problems with graphics libtwvary and it de
impossible to have a good version of the spline 71t of the
opening angle, Could yvou take care of it using the iig/fdguwe I sent vou
9
¥ o Figure caption Fig 22
Results of fitting a Bicknell model with
beta = 1.0 ©
Roml, § = 1
W=, & o
et a0, 004
w0
These values pgive the best Fit corresponding to a reduced ohi sguare of
4, 0

I am sending &ll other figures by air mail,

Freoam s ESTOSO: s RS IASPAN. DWINGELQ: s REMVX 1 s SEAUM "etefi bBaum &
t dwingeloa” S-SER-198%9 0525
Tas BRIDLE
Sub j:

3

1EEe comments at last!

Well, [ finally got to bthe 0326+39 paper. Hope it dism’t too late
to give youw comments. Sorry to have taken so long, but it has
beer & super Dusy suimer.

Following are some comments from me (and Chris — 1 had him read it as
well and he should be ackrnowledged for helpful comments Dnotice all
the extra references to 'Deai!itl).,

Fage & reference 0'Dea and Owen 1987 Ffor irvregular spr@ading of the
Jets ivn NECILEES,

eapger. 1. Laing-Barrington effect pointed out, but velocity estimates
for this source are S00-1000 kn/sec. Hoay, e@lther velocity estimates
are too low, or the Laing-Garrington effect {(at least iwm this scurce)
is not due to Doppler Boosting/orientation. Should comment o this.

In the abstract, we say that there is a RM gradiernt, but that we can't
rule ocut a Galactic codigin Ffor the gradient. Can we use the RM

of sources near 0326 in the sky and the work of Simmonetti et al

o galactic FM fluctuations to rule this cut. There should at least
be some discuseion of this inm the text.

The data in sectin 6.4 seems bo suggest that the RM gradients are
smaller on the Easter lobe, where the lower polarization and fainter
Jet ie. Ie his correct? If yes, we could discuss its relevance ta
the Laing-Garrington effect.

Evtrairment is suggested to increase density contrast. Can we compare
the rates we rneed with the rates found by De Young?

Fage 18, 0 Dea (19830) alsc estimates light jets in NATS comsisternt



with Williams 19843,

Fage 20.

Reasons why Ricknell’s model doesn't fit 0356 but does NILS

N3LE?

{a) different galactic atmosphere and envirormernt For
\//6326 tham in

() particle acceleration in the jets iwm O3267
() are they the same radio power regime?
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Dr. ALAN H. BRIDLE TELEPHONE 804 296-0375 FAX 804 296-0.278
' BITNET abridle@nrao SPAN 6654::abr1d_1e
INTERNET abridle@nrao.edu  UUNET ...!Inraol!abridle

May 16, 1989

Dear 0326+39 co-conspirator,

Here, scandalously overdue, is a draft of the detail paper on our B2 0326+39
WSRT/VLA observations. It got "nearly finished" several times -- just as some large
task landed on me to bury it again! I'm sorry it’'s languished for so long; the
fault is entirely mine. I've tried to bring the discussion and references up to
date, and I still think it has some interesting things to say.

You may recall that Ed did the initial reductions of the VLA data, then Stefi put
it through self-cal and MX to increase the dynamic range and to reduce the effects
of the confusing sources. Paola did the WSRT/VLA comparisons, and produced the
first draft. I sliced the jet and did the "standard stuff" on collimation and
brightness evolution. That's where it sat in the summer of 1985, with some "single-
velocity" parameter estimates. Since then, we've talked with Geoff Bicknell about
variable-velocity models, and Geoff’s modeling program arrived in Bologna. Paola
sent me some fits of Geoff'’s model to the data in the summer of 1987, with her
suggestions for the next draft. Because the spectral gradients were used for
velocity estimates, I redid the VLA spectral analysis more carefully this winter,
keeping better track of the error budget and removing the radio core. While
updating the discussion, I've also recast some of the logic. It now tries to make
separate estimates for the velocity and Mach number at a few places down the jet
so we can test the implied density against the polarimetry for consistency. I've
also kept the dependencies on the Hubble parameter and Geoff’s "kappa" factor
visible until the bitter end. The numbers given here are similar to Paola’s from
1987; the main delay since then has been mine in getting organized enough to put
it all together again.

I'll have NRAO graphics start work on the drawings as soon as possible, so they
should be finished by the time the text is. We've not chosen a journal yet, so
please name your preference, as well as sending me your comments on the text. I've
tried to keep the spelling European-style. I think there are too many Figures,
where could we economize ?

I promise this will stay at the top of my queue until it’s on its way!

Best wishes,

OPERATED BY ASSOCIATED UNIVERSITIES, INC. UNDER COOPERATIVE AGREEMENT WITH THE
NATIONAL SCIENCE FOUNDATION




#13 28-APR-1985 1i:14:34 MRIL
From:  380G7::PROLINA
To: BES4: s RERIDLE
Subj:

Bear Rlan here enclesed are the calculations 1 wade for the jet velocity
using Geoff foumula

K o=0,25
= 13" distance from the core

phi = 3,5 " jet diameter corresponding at 1.2kpo 4’[{7&1‘)

U Win *fﬁ*E—ii erp/om3 enerny density

Fomin v 1 # E-11

Ltet = 3.3 # E40 era/sec  computed from g a flux density of 540 nly

for the lobe

thets = 75"
phi = 12.88"  4,Bkpe
umin ™ 2, 4%e-12 srn/omd

Fress RETURN for more...
MARILY

$13 28-APR-1989 11:14:34 MAIL
Best wishes,

Paola
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From: ASTBO1: : PAOLINA 11-JUN-1987 07:56
To: 6654 : :CVAX: : ABRIDLE
Subj: 0326+39

Dear Alan,

I'am sorry, but at the VLA I have been quite busy and
only now I have the time to answer you.

It is not really clear to me what you think of the fits
obtained with Bicknell'’'s model. Assuming that you agree
with what has been obtained then the main points are:
WEST JET

The spline fit of the phi-theta data is obtained with
knots placed at theta=5,9,30 arcsec. The spline fit can
be considered satisfactory up to theta~120". All

models should be valid only up to this point.

The assumptions made in choosing the model parameters
are:

eta ratio of jet to external density R |

M Mach number < 2

Since we don’'t have any information ( X-ray or optical) about
the galaxy, the fits were done starting with a beta-~1l
atmosphere in a King model galaxy and varying beta and
Rc until a satisfactory fit was obtained.
As you can see from the plots I sent you it is impossible
to obtain a good fit for theta<«20" while the fit

is satisfactory (?) for theta»>20". This region corresponds
to the first expansion regime of the jet and it is the region
where blobs are present. A possible explanation is that

in this region Bicknell'as model is not applicable (for
example M>2 as can be deduced from the ratio diameter-separation
of the blobs).

If you compare the values of d phi/ d theta of 0326+39 with
those of NGC 315 you can see that are very similar;
what it is very different is the behavior of the brightness
that in 0326+39, in the first 20" stays almost constant, while
in NGC 315 is decreasing.

Equivalent fits are obtained with sligtly different
parameters i.e.:

eta beta Wo ReC M
0.001 1.1 9,5 o0 1 -2
0.0 a3 L 9.5 2.0 1.2 - 2

The behavior of the mass flux Fm, which for a physically realistic
model should be not decreasing, it is more accurte if M~1.
Also the adiabatic approximation

D 5 s a1 oy o e bl e 38 T &
works better for an initial value of M=1l.
Disregarding the region theta:«20" the dynamics of the jet could be
explained in terms of BIcknell’s model, with the collimation region
corresponding to a phase of laminar flow and the subsequent expansion
corresponding to a turbulent jer again. In the region of collimation



the percentage of polarization should reach a maximum: what can we say



From: VAX3: : PPARMA 20-MAY-1987 23:07
Tos: CVAX: :ABRIDLE
Subj: 0326+39

T am at the VLA until friday may 29. I hope you have received the comments
I sent; I have been workon on with Geoff program and there is no way to

fit the brightness-phi relation enterely as it has been done for
NGC315. Although the two jets have similar regimes with similar dphi/dtheta
in 0326+39 the brightness does not decreas enoughbut it remains almost
constant.Since where this happens is the initial part of the west jet

where blobs are present itis not unreasonable to think that the

conditions are different from that required byGeoff model(for

example Mach number higher than 2).

Paola
From: CVAX: : ABRIDLE 22-MAY-19087 13:54
To: VAX3: : PPARMA, ABRIDLE

Subj: RE: 0326+39

Just got your message (I have been away since May 19). The "particle
age" and the "jet flow age" only have to be the same if there is no
reacceleration, so I am never sure how much weight to put on the spectral
connection when estimating velocities. We also have reverse gradients in
this jet which indicate directly that the "particle ages" can’'t be the
same as the "jet flow ages" at the extremity of the wiggle in the west
Jet.

Perhaps i1f you could send me some text with what you think should be said
about fitting (or not fitting) the Bicknell model to the I-phi data, I
could Vaxmall you another iteration with everything included. I will be
away again later this afternoon until Tuesday morning, but will then be
here for the rest of your time at the VLA.

Best wishes, Alan



about it? From the plot you sent me it looks as if the opposite is
happening.

EAST JET

The fits obtained are not really very good. The only information they give
is that the parameters of the model {Rc for example) have to be different
from the west jet.

Raffaella Morganti, a Ph. D. student, has modified Bicknell'’s
programs in a way that for every value of
brightness it takes into
account the associate error; maybe it would help if you could send
me a file with the errors for the intensity to obtain a better
ik
Maybe it is worth trying.
Let me know if you need other informations.

Regards

Paola
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» . EDGEMONT ROAD, CHARLOTTESVILLE
National Radio Astronomy Observatory VIRGINIA 22003-2475, U.S.A.

Dr. A.H.BRIDLE
tel. [804] 296-0375 TWX 910-997-0174

April 4, 1985

Dr. Paola Parma

Laboratorio di Radioastronomia CNR
c/o Instituto di Fisica “A. Righi”

Via Irnerio 46

40126 Bologna

ITALY

Dear Paola,

Here are plots of various of the jet properties in B2 03264396, as functions of angle from
the core and of deconvolved jet FWHM. I will now return to putting the text together
with some of these as Figures, but you may want to think about some of the phenomena-
shown here, so as not to be prejudiced at all by what I write down.

The Faraday rotation gradient seen with the VLA appears to be of the same sign as that
in the center of the source from your WSRT data, but offset by a few rad.m=2. I am
not sure what to make of this at present. There is no significant depolarization in the jet
between 20cm and 6cm. The spectral index distribution seems unusually noisy, and I am
not yet sure how much of the fluctuations along the jet to believe. It is very clear however
that the knot about 100 from the core to the west has a flatter spectrum between 20cm
and 6cm than either the jet upstream of it, or the lobes downstream of it. This knot also
lies near the peak of the northward lateral oscillation of the west jet. I think it may be an
example of an internal shock structure resulting from the lateral displacement of the jet,
producing local particle reacceleration.

The intensity-width and B.,-width plots are interesting, in that there is a clear subdivision
into “subadiabatic” and “adiabatic” regimes that correlates well with changes in the lateral
expansion rate.

I mailed today to yourself, to Hans, to Gavril Grueff and to Roberto Fanti, copies of the
Proceedings of the workshop on energy transport held at Green Bank last Fall. These
just came from the printer yesterday. Owing to their weight, they are being sent at book
rate, but should be in your hands before long. There is a further copy being sent to your
Library. I hope you will find these Proceedings interesting.

With best wishes,

o

Alan

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



EDGEMONT ROAD, CHARLOTTESVILLE
National Radio Astronomy Observatory VIRGINIA 22903-2475, U.S.A.

Dr. A.H.BRIDLE
tel. [804] 206-0375 TWX 910-997-0174

March 25, 1985

Dr. Paola Parma

Laboratorio di Radioastronomia CNR
c/o Instituto di Fisica “A. Righi”

Via Irnerio 46

40126 Bologna

ITALY

Dear Paola,

As I started on the analysis of the jet deflection data for B2 03264396, I realised that the
width data I had previously sent you had not been corrected for the jet “wiggle”. To be
precise, all of the cuts from which I had derived the peak intensities and FWHMs were
in p.a. 0°, whereas the jet does in fact “wiggle” significantly. The corrections for the
false broadening produced by the “wiggle” are < 2% for all of the 0”6 and 2”0 resolution
VLA data, but I took slices in the outer jet at 4”0 resolution where this correction is
quite significant, in the range 10% — —20%. (I am quoting only those jet widths where

the uncertainty in the Gaussian fit to the transverse jet profile was < 10% of the fitted
FWHM).

Enclosed are the revised values. The columns are THETA (O, angle along the jet from
the core, in arcsec); IOBS, the peak intensity of the Gaussian fit to the cut in p.a. 0° at
that ©; PHIOB, the observed FWHM of the Gaussian fit to the cut; IJET' and PHIJ’,
the deconvolved peak jet intensity and FWHM, in mJy and arcsec respectively; LOGINM,
log,o(IJET /BEAM?) where BEAM is the FWHM of the CLEAN beam used to restore
the map; LOGPHI, log,q/(PHIJ'); SL#, the number of the transverse cut (slice) across
the jet in my internal accounting system; LOGBNM, a normalised measure of log;q Beq,
the equipartition magnetic field strength, computed from 2*(LOGINM-LOGPHI)/7; LO-
GUNM, a normalised measure of the minimum magnetic energy density, 2*LOGBNM,;
DELTA, the position of the peak of the transverse profile along each cut, in arcsec. Due to
the way I specified the slice parameters in AIPS, the DELTA values have arbitrary origins;
to convert them to absolute deviations from a line at p.a. 90° through the peak of the
core source, add 1774 to the values at 2”0 resolution and subtract 0”53 from the values
at 4”0 resolution.

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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Dr. Paola Parma March 25, 1985 Page 2
I am now preparing plots of various parameters of interest to the jet physics. In particular,
LOGINM vs LOGPHI,and LOGBNM vs LOGPHI (which give the intensity and field
strength evolution for comparison with “a.diabats”) and PHIJ', LOGUNM and DELTA
vs THETA, which give the collimation, normalised pressure and transverse oscillations of
the jet against distance from the core. I will send copies of these as soon as possible.

The jet obviously has regions of variable expansion, and both adiabatic and sub-adiabatic
segments.

I am also plotting the spectral index, depolarization and RM parameters along the ridge
line of the jet at 4”0 resolution from the VLA data, for comparison with the WSRT data
in your draft of the paper. I will send these as soon as I have them available, I hope within

a few days (we have a new plotting package that I have to tame before I get these done,
but the results should be suitable for direct photography for the paper).

As ever, my regrets that this is not going faster, but at least it #s going now !

With best wishes,

HE

Alan
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Comments to the draft.

iz {Abstract/I.374.2ar Siwmm=try of the jet.
We think that also the mast J=2t has a wiggley more or less at the 4Agfh&f; =)
same position Frowm the core as ths west ones and with same shaps. ”hkufht%mmﬁ
This is better visible in the WSRT 4 om maps although we see a @“ iyyn%QQfXF
hint of it also in the VLA mapsy where the jet has a lowsar
contrast with the lobe. It is oertainly difficult to measure &C’E\?-m

reliable fthe wiggle tand =t opening angle’, but we feel that it (A NS Q)w",w"‘
et o 90’ ~
naY o e lingns
"“"3’5("

iz thars.

ol td.2dr Rotation wmeasurs along the jet.
As you already noted (letter of april 4)1 there is an off-set,
between ths rotation wmsasures we deaduce from the VLA and the
WSRTy of ~ 7 radisg.m.?. W2 have re—-sxamined the WSRT data and
found no =2xplanation. We suggest to leave the text as it is nows

on this point.

5D (4,20 Degrese of polarization in the jet at 50 cm.
The WERt date show significant depolarization betwesn 1.4 and O.b*
GHz. In fterwes of the slab wmodel this would allow to sstimate the
internal fthermal plasma densityi it requires an internal
rotation wmeasure of ~ 10 rad/sg.m. Howavery in view of the

Faraday gradient found both in the VLA and WSRT data, it is

likely that the depolavization is due to a side-side effect. So




Fage 2

only upper limit to internal R.H, t{ 1¢ radf/sg.wm.y and to intern

thermal dsns voC0 1GE-DZ ow-ITr oan be estimated.

45 td.3c: Lobe depolarization.
There is no relation betwesn rotation angle and depolarization
between 21 and S5 owm.
On the contrary theve is a2 olsar relatinn  between fractional
polarization at 21 owm and depoclarization between 21 and S0y as

mentionaed in the text.

=0 (4.32d/5.2a3 Rotation msasure of the lobes.

The WSRT wmaps give a good weasure of the rotation angle
E)SO = Q}zz arn the west lobe (with the usual ambiguity of nT ).
This angls is not constantsy but varies guite regularly across the
lobe by up to 140 deg. This ragularity suggests us a constant
value of n over the lobm. We tried to estimate n by using the

=

p.a. of the polarization at S Gz in the only part of the lobe

.

where it is significant at ~ ﬁ-i’level thnamely in the south ridge

at R.A. ~ OThESmESIss Deoc. ~ 9 IZ4AT 40G%)e This indicated n = 1
and an R.M. itn the lobs ~ 20 - 3 rad/sgq.m. Is the p.a. we

measuve  in the WERT 5 0GHz map consistent with that from the VLA?

It seams to us that the VLA data indicate a p.a. different from

the WERT ons by 20 - 3 deg. Using the VLA p.a.» ohe would

rather get n = 2, We think that at this stage the R.M. and
hN——

therefors ths wagnatic fisld orientation is uncertain by 20 - 30

deg . Tha magnetic field orientation is still likely to be

v~




Page I

circular around the lobess but it ssems impossible to work out

the details.

fe cannot provide a computer made H maps because we do not have

the WERT 21 owm wmap pn ftape: but only a numerical printoutld.

Note that: for n = 2, the rotation to be applied at 21 com. E
$407

vector wmap would be ~ 9 deg.y so that the E vectors orientation

at 21 om. would also give the wmagnetic fisld map.

A th.alfbs Discussion.

Only a list of points for discussion.

ay Egquipartition snergy density :
ugg ~ 10E-11 -~ 10E-12 erg/owm’ from 7 to 30 Kpo

(20" — BO")

b)Y Thermal plaswma density 3

& =
nth « 10E-T ca-3 & :

c} Internal sound speed @

Vs ) 700 Km/s <— nee do f s

d» Initial opsning angles @

d@s/dz ~ 0.2 —=—=)
-=) Initial Mach number : Mi ( 10 ’U-S 270 av—@
M <10 J
=} Initial welocity * WYji £ 10000 Ka/s J

e) Brightness plateau @ according to Bicknell model
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velocily decrease VJi/Vyf ~ 4 - S
Mach nhumber M A~ 1 - 2 ———e—— dONIF A~ 1000 - 2000 KM/s
VJi o~ 4000 - 10000 Ku/s

talsc lack of hot spot ———=) Mf ~ 172

) external atwmospheres in the slowing down regime

piLzi o¢ zexp-1

g} Energetics
ensrgy flow at 20" (~ ;'Kpc>= Flusqgi ~ 10E3IZ2 V3i erg/s
(we do not know about K.E.).
Source radioluminosity @ R.L. ~ I x 10E4D erg/s
Assuming @ & Flueg) ~ R.L.
and taking i/ ~ 10 - 22 (adiabatic expansions only}» then

Vgi ~ 3 = & x 10ES Km/s.

h) Wiggles.

If due to gravitational interaction with the companionsy than
wiggle wavelesngth ~ orbiting period x jet velocity -———- Y Vaf ~
TO0 KM/S( nout o dissimilar from previous estimate)o Iin this case
the wvelocity )For z 4 ﬂO“)had to be wmuch higher in order to wash
out in that range the orbiting =ffect (so in agreement with
above’.

If the wiggle were dus on the contrary to K-H instability, a
high Mach number would ba required ( ~4&) in the range were the

wiggle is prominent.

-

Uowe f-&d o
Pmmu m—bf[?

PURGR 2L I
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