. . 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

August 19, 1986

Dr. E. Asseo

Centre de Physique Théorique
Ecole Polytechnique

91128 Palaiseau Cedex
FRANCE

Dear Dr. Asseo,

This is to give permission for you to reproduce Figures 22, 23 and 24 from the article by
Perley et al. (1984) in Astrophys. J. Suppl. 54, 291 in your review article.

I have no spare glossies of these Figures available just at the moment, but I am now having
some new copies made and I will send these to you as soon as possible. This will probably
take between one and two weeks. In the meanwhile I enclose Xerox copies of the Figures
at slightly larger scale than they were reproduced in the Astrophysical Journal. If you
cannot wait for the glossies, these Xeroxes might be adequate for your purpose, as they
are quite black.

Yours sincerely,

Alan H. Bridle

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



Estelle ASSEO
Centre de Physique Théorique
de I’'Ecole Polytechnique
91128 Palaiseau Cedex
France
Héléne SOL
Groupe d’Astrophysique Relativiste
C.N.R.S. - Observatoire de Paris—Meudon
5, place J. Janssen
92195 Meudon Principal Cedex

Dear DT . A’ +4. RG’\ d(e )

We wrote 1tor rhysics Reportis a review on bExtragalactlic Magnetlc
Fields which has been recentiy accepted tor publication. In order to
illustrate our work we intend to present one map Or pnotdkyou have
obtained and published. We would be very graterul it you would authorize
us to do it.

If you agree, could you please send us a reproductiony Ur eise,
please let us know if there is any problem.

Thanking you in advance,

Sincerely yours,
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THE ASTROPHYSICAL JOURNAL

HELMUT A. ABT, Managing Editor A. DALGARNO, Letters Editor
Kitt Peak National Observatory Center for Astrophysics
Box 26732 60 Garden Street
Tucson, Arizona 85726-6732 Cambridge, Massachusetts 02138
602-325-9215 617-495-4479

August 24, 1983

Dr. A. H. Bridle

National Radio Astronomy
Observatory

Edgemont Road

Charlottesville, VA 22901

Dear Dr. Bridle:

HIGH-RESOLUTION VLA OBSERVATIONS
OF THE RADIO JET IN NGC 6251
R. A. Perley, A. H. Bridle, and A. G. Willis

We are pleased to report that your paper noted
above has now been accepted for publication in the
Supplement Series of The Astrophysical Journal. Our
production office in Chicago will advise you regarding
the date of publication for the paper. When you
receive the edited manuscript and galleys, please make
every effort to return them to the production office
in Chicago within forty-eight hours. Your cooperation
will expedite publication of your paper as scheduled.

We have requested that edited manuscripts and
galleys be sent to both you and to Dr. Perley.

Please sign the enclosed Publication Agreement per-
taining to copyright assignment and return it as addressed.

Sincerely,

Ll 7 Py

N~ =l e
Helmut A. Abt
Managing Editor

HAA:ih
Enclosure: Publication Agreement

cc: Mr. Elmars Bilsens
Production Manager

Dr. R. A. Perley
NRAO

P. 0. Box 0
Socorro, NM 87801

Published by The University of Chicago Press, 5801 Ellis Avenue, Chicago, Illinois 60637
for THE AMERICAN ASTRONOMICAL SOCIETY
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THE ASTROPHYSICAL JOURNAL

Kitt Peak National Observatory

Box 26732, T , Ari 857
Ox 26732, Tucson, Arizona 85128 - _RESOLUTION VLA

This will acknowledge receipt of a/manuscript entitled
- OBSERVATIONS OF THE RADIO JET IN NGC 6251

by R. A. Perley et al.

together with_30 __ figures. The paper will receive prompt attention, and I shall notify
you if there are any questions regarding publication. Meantime may I draw your attention
to the fact that there is a page charge for papers published in the Astrophysical Journal. Unless
I hear from you to the contrary, I shall assume that your Department, University, Observatory
is willing to pay the charges. N

Please advise whether thel_halftone(s) should be printed on text stock within the
article or on glossy stock at the end of the issue. If you prefer the former, is it permissible
to back them with text? If this instruction is not given by the time this paper is ready for pro-
duction, the choice will be made at our Production Office.

This title will be included in the semimonthly published list of papers submitted unless
you request otherwise by phone. If you do not wish to make preprints available upon request,

please inform us accordingly. *glossy stock, end of issue.

HeLmur A. ABT, Editor,
- ¥/’ /83
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Dr. R. A. Perley
NRAO

P. 0. Box 0O
Socorro, NM 87801
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REPORT OF REFEREE

HIGH-RESOLUTION VLA OBSERVATIONS OF .

1. Perley et al.:
Author, Title Y THE RADIO JET IN NGC 6251 e e et

s —t

This paper presents important and new observatlons of NGC6251 which should
certainly be published. The lengthy discussion reads rather like a review of
theories of large—scale extragalactic jets, which unfortunately obscures some
of the most interesting results of these observatioms. It would be far more
useful to the reader to present the observations and stralghtforward deductions
in one paper and a shortened version of the physical discussion in a second
paper. Apart from this general criticism I feel the paper could be improved
as fecllows: :

Major points:

(1) One of the most important questions which can be addressed by these observations

is "What is the density of thermal matter in the jet?". . This is discussed in
some detail, but unfortunately the primary data are not presented in the most -
useful form. It would be useful to have the distribution of E vectors of the 7

jet plotted with 2" resolution at 3 or 4 frequencies rather than the 474
resolution of Fig. 17. ~ This figure should also have a scale indicating the

‘degree of linear polarization. Three of the present authors concluded in a

previous paper ("Recent WSRT and VLA Observations of the jet radio galaxy
NGC6251", IAU #* 97) that'|3ol rad m 2 RM was produced internal to the jet
since the degree of linear polarization seen at 2L cm is v 0.6 of that at 6 cm.
In the present paper (pp 25, 42) the ratio P1480/P4885 v 1 at high resolution.

~ -This apparent discrepancy should be explained.

(2) - The Discussion section would be more digestible if it presented the first
order deductions together and then went on to discuss specific models.

For example (a) Freedom and confinement of the jet
- include only discussion up to line 14 p.35

* followed by (b) Evidence for a magnetoionic medium in NGC6251 (up to 11ne 10 p.42)

{e) Constraint on the thermal density of the iet
and : (£) Constralnts of the flow velocity along the jet

could be followed by the specific models of page 35=58. This last section
(pp 35-58) should be condensed. : :

Minor points:

(1) The discussion of peak flux denmsity vs jet width (p.21, Fig. 14) is very
difficult to follow.

(2) Page 61, line 5. Scheuer (MNRAS 1974) has shown that € << 1. Some
reference should be made to this here.

(3) Page 80, lines 8,9. It is true that the Doppler favouritism argument implies
separation asymmetries for features ejected simultaneously. However it is
possible that similar features (e.g. bends) could be produced in both the jet
and counter-jet at a given distance from this galactic nucleus due to interaction
with the surrounding medium.

(Please type your report on chis sheet. Use ocher side if necessary.)



THE ASTROPHYSICAL JOURNAL

A. DALGARNO, Letters Editor

HELMUT A. ABT, Managing Editor .
Center for Astrophysics

Kitt Peak National Observatory

Box 26732 60 Garden Street
Tucson, Arizona 85726-6732 Cambridge, Massachusetts 02138
602-325-9215 617-495-4479

July 18, 1983

Dr. R. A. Perley
NRAO

P.: 0= Box 0
Socorro, NM 22901

Dr. Alan H. Bridle

National Radio Astronomy Observatory
Edgemont Road '
Charlottesville, VA 22901

Dear Drs. Perley and Bridle:

Your paper entitled "High-Resolution VLA
Observations of the Radio Jet in NGC 6251" by Perley
et al. was sent to a competent referee, and a copy of
the report is enclosed for your consideration.

This manuscript is too long (and has too many
figures) for Part 1 of the Journal. If you agree to
publication in the Supplements, please provide two
abstracts: one of up to three typed pages for publi-
cation once within Part 1 of the Journal and one of up
to three typed pages for publication several times on
the back covers of Part 1 and the Supplements. Or if
you follow the referee's suggestions for substantial
reduction in length, it can fit into the main Journal.

The footnote on the title page should be called
for with an Arabic number. In general the figure
captions should not include interpretations; those
should appear in the main text. Do you wish to have
the halftone printed on text stock within the paper or
on glossy stock at the end of the issue? Does Dr. Willis
have an affiliation to be given on the title page?

Sincerely,

2 7‘—
L/CZZZ§%244ZA~14§? 5g§?;?// '
Helmut A. Abt e
Managing Editor
HAA:ih
Enclosures:
original manuscript + 30 figs. & 1 HT

PRERILY TR B ES 58 Biicago Press, 5801 Ellis Avenue, Chicago, lllinois 60637
for THE AMERICAN ASTRONOMICAL SOCIETY
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THE ASTROPHYSiCAL JOURNAL
Kitt Peak National Observatory
Box 26732, Tucson, Arizona 85726 -6732

This will acknowledge receipt of a manuscript entitled HIGH-RESOLUTION VLA

OBSERVATIONS OF THE RADIO JET IN NGC 6251
by R. A. Perley, A. H. Bridle, and A. G. Willis
together with__ 30 figures. The paper will receive prompt attention, and I shall notify
you if there are any questions regarding publication. Meantime may I draw your attention
to the fact that there is a page charge for papers published in the Astrophysical Journal. Unless
I hear from you to the contrary, I shall assume that your Department, University, Observatory
is willing to pay the charges.

Please advise whether the__i_halftone(s) should be printed on text stock within the
article or on glossy stock at the end of the issue. If you prefer the former, is it permissible
to back them with text? If this instruction is not given by the time this paper is ready for pro-
duction, the choice will be made at our Production Office.

This title will be included in the semimonthly published list of papers submitted unless
you request otherwise by phone. If you do not wish to make preprints available upon request,
please inform us accordingly.

HeLmut A. ABT, Editor
oare. 5719783




Dr. A. H. Bridle

National Radio Astronomy Obs.
Edgemont Road
Charlottesville, VA 22901



NATIONAL RADIO ASTRONOMY OBSERVATORY
P. O. BOX O
SOCORRO, NEW MEXICO 87801

TELEPHONE 505-835-2924
via siTe 505-772-4011
Twx 910-988-1710

POST OFFICE BOX 2 EDGEMONT ROAD SUITE 100
GREEN BANK, WEST VIRGINIA 24944 CHARLOTTESVILLE, VIRGINIA 22901 2010 NORTH FORBES BLVD.
TELEPHONE 304-456-2011 TELEPHONE 804-296-0211 TUCSON, ARIZONA 85705
TWX 710-938-1530 TwX 510-587-5482 TELEPHONE 602-882-8250
16 May 1983

Dr. H.A.Abt,

Managing Editor,

Astrophysical Journal,

Kitt Peak National Observatory,
Box 26732,

Tucson, AZ 85726.

Dear Dr. Abt,

We enclose two copies of the typescript, with glossies of thirty
Figures, for an article entitled "High-resolution VLA Observations of the
Radio Jet in NGC6251", by R.A.Perley, A.H.Bridle and A.G.Willis. We are
sending the glossy of a further Figure under separate cover, as it is
somewhat larger than those included herewith.

We hope that this article will be suitable for publication in
Part 1 of the Astrophysical Journal. We request that correspondence, the
referee's report, etc. connected with this article be addressed to:

Dr. A.H.Bridle

National Radio Astronomy Observatory
Edgemont Road

Charlottesville, VA 22901.

Due to the unusual length of the paper, we prefer that copies of
- the proofs be sent both to Dr. Bridle at the above address and to Dr. Perley

at this letterhead address. If this cannot be done, however, the proofs
should be sent to Dr. Bridle.

Yours sincerely,

e

R. A. Perley

St # B

A. H. Bridle

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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Telephone: 0223-66477
Telex 81292
2 bR

b&mf M&-\/v\,

Nere 73 o Pos9 ol e (/‘H@V\f\g 1‘%\/ Your ;)Uf «SU ethon ]@r\svvx
Fhe recent  PKS Speerndchens - Most &P ¢he sowes | ot o
Mese davs Are o *PD\AV\* N Show mmua beﬁmd e, er,
Arsoi cod slowble  Svuohare — hence rw& AdMmerence 1o SMV\(?\.

NeC 615 Prepind™ 15 tamsing  sswie  tens derable
Cpples here — AR OS ange  fom Pestabl to mwwvolemms .
No-owe hos gt veceved W yeferee so Ahet rudes ont

one  possible place  from yowr Lizt |
9

e ex(W)erted  people o send Yo vy el they
NG v, bk am n8r confident o e pegitts L

Besr widh e

AN



v

MINISTERE DE L’EDUCATION NATIONALE
L S TATR AT E

DE TOULOUSE

R

E RS T € P. A- .U

OBSERVATOIRES DU PIC-DU-MIDI ET

J'anv&ra‘ L% \A&3

OBSERVATOIRE DU PIC-DU-MIDI, LE
65200 BAGNERES-DE-BIGORRE

Qear Or. Brid\e,'
T do wet kumow by what wqslery of ®e wailing. @efv‘d;-.g

\«‘s\f»ws bebnecen Kingrtow , Pedeva and %c.awa-au\._ &:?M Yo wr

le e~ dalesd Ockt LY acrmvetd on gy deaR Ao Sags N x

TW

Av\\.\wa-s.‘ . Havla “ow '@:r "&’QL e thas awd w:vsx .
Wwa P\wal_du'“c\-f—\v\. Nease Lnad wnclosed o prpant  ob vy

\oer e ¥ae duthd & NG C €2S L.IF s o ~enied veliown > Mo, & R
)
ary Q;;.“\— ch, warmrow  Mhwo e\l e

iVl oa y=ar

o-(t_ e Jdust, T sobwaiWBed e pb‘-.o.r e Aah g\d*

iWoushrabieow Mook T A0 wah walh Y ve\\\‘gc dnd ¥uatbr I3 wWanthed o
gaod

Ve ‘WadlLatknast (-of e -L.\uta e Pey v suck 2 krm (\f\g“:\\u‘a-

M) —as ﬂ?\'&é 4 Cas T weaX o aean Clauy Nadaen ,“Q—t
el e (a\«o\-o%ra p\\tr n Nundel Whe vuade o %‘—cab 3-‘3, 3w = %
Tle O‘I;V\;a\-\

parer (Wi Rie peinds) W mivans .,

subwaired e
rATEN :: A&K ‘,rt’v\c

of ot Wi kditor ana ¥ Qe \orea woas
W are %A"-&b‘_- ~\—Q‘¢.~‘ wouwld watr Hulrive Yhe el.:(w YV&.O#-A

O'Q Ao adidNon. ... T woee Maen "h»%%-m Yo e Mo \%——M -e

ﬂ&sr‘\’ te-‘.a.r L\'h\s\t- \6-%443 W Wi {\Loam\:‘*"‘ D 3\2—" 3"\&!!/““.

T&mu&&wﬂmk’imm bv,.—mb-v.hn\-onm:r\-

becn ‘Q-':(u..ar\\‘ atc&,‘:‘tﬂ h\a.\ a3 ‘*\"‘4‘, (’\"—°K , Yae & g.ne

TELEPHERIQUE MONGIE - TAOULET (62) 91.91.06
§31. 625

95.19.69
—_———— TELEX:

BAGNERES (62)
OBSERVATOIRE DE TOULOUSE (61) 4a8.88.78

ADMINISTRATION

STATION DU SOMMET (62) 34.30.30



tvatl orew\laNe— :—-\e\. ™ Saux -AA..\.S Yo Hie pepar Aeweg
eheteqraphs, Vot T aun afmsad Mt qeo il AMead Ra
Yaahlh 2 e yape. o help ev.

Nowe “Anavaa lioa »0:3“&;». O oo  watarwsta m:\,__,t._
acteetaling ¢ Unfor bwately  Ma faay 28 W quelary  dees
nob savud at Rer as Q0" , bub will v avicust € cn Ao
Roahd we Lavet 3% (g ear Mok Mie Jush T yomewhnatd
Rebbn | woqely a®omq “ue ¥F S cchon and cousd  Ate
wslele gulany Swmap vaVlar mar Wl o€ WRa b (o e slery
P ) - T o vant B sdentabe Ve pil | e o
Folaxy v e Wt cand s jeob On Kie dleuven oR Ra
Syttt Ly sretd Nia ALY | B dhe whamy Side o Yoast
& vedslfl for Ml oshiech L and Wa ceappr wrle Bes
o p-x 2§ \AQ"® (Yeuag v 2t 5 \aFQ).

T fove auw Svrtauing Tun WAl G WA
Mowall [ Bn) {n Nareh ageads . NCC 625) scd W
Woclinee 2R I Sust B awengatr sw faak  pasAkes. I wsl
b o Brew He wew felorieabien Fhak we will hage

™ ey 3 \Leh oo vowr Har T am Lavg
B phsbwe®e oufoco3®on b T Rave o Vs g=laxy

40 e N e .-\"W\‘ awvowa\lvesS w" W PR, < e e | AT 7

S ma kw-'og*m
wi an Yy Rred ww;f\u-c)

N Caa s W ETRR
//_




Queernrs University
Kingston, Canada
K7L 3N6

DEPARTMENT OF PHYSICS
STIRLING HALL

Physics

Engineering Physics

Astronomy

3 September 1982

Dr.L.Zaninetti,

Istituto di Fisica Generale,
Universita di Torino,

Corso Massimo d'Azeglio 46,

" 10125-Torino,

ITALY

Dear Lorenzo,

I have waited a little while to answer your question about
"wiggle wavelengths" in NGC6251 because Rick Perley and I have been

.~ working on that very topic in some detail, and I wanted to send you

our most complete results.

There are several wavelengths present in the deflections of the
NGC6251 jet at different distances from the nuclear core. I enclose
graphs showing the deflection of the jet from its mean position angle
divided by the angular distance from the core, as a function of
angular distance from the core. The graphs show two different
distance regimes, namely 0" to 125" and 0" to 500", using data from
the VLA 1480 and 1662 MHz observations at a variety of resolutions.
The deflections have beem computed by fitting Gaussian functions to
the transverse intensity profiles of the jet at a very large number
of locations, and determining the positions of the the peaks in the
fitted profiles. The data at different VLA resolutions are in
excellent agreement where they overlap, showing that the results are
neither very sensitive to, nor biased by, the resolution of the radio
data.

Even a very casual inspection of these data shows that the
oscillation spectrum is complex - there are obvious "beat" phenomena
in the data. Both in plots of deflection against distance and
(deflection/distance) against distance (as enclosed) it is clear that
different wavelengths dominate at different distances from the core.
This is all very healthy for interpretation in terms of
Kelvin-Helmholtz instabilities, and Rick Perley will report some of
our thinking along those lines at the Workshop in Torino. We have
made power spectrum analyses of the VLA deflection data at all
resolutions and in various distance windows, using both the
deflection and (deflection/distance) data. The latter are of
interest because an oscillation whose amplitude grows linearly with
distance from the core appears in that data as a simple sine wave.




We have concluded that there is significant power in both sorts
of deflection data at projected wavelengths of 143", 31", 17.5", 12"
and 9". For H=75 km/s/Mpc, the image scale is 429 pc per arcsec.
The long-wavelength wiggle reported previously by the Cambridge group
corresponds to the 143" wavelength in this spectrum. The discrepancy
over the value of the wavelength is probably due to the fact that
they made a visual estimate of the wavelength from a rather noisy
plot of their data. If you compare their data directly with ours,
you will see that there is sensible agreement. Our data have very
much better resolution and signal to noise than theirs however.

In terms of wiggle wavelength to jet radius, the situation in
now very complicated. The jet expands in a very complicated manner
and the radius changes by a factor of 40 over the range that we can
measure. Furthermore, the widths of the jet as estimatd from its
brighter isophotes do not everywhere show the same structure as the
widths estimated from the lower ones. There are changes in the
symmetry properties of the profiles in the outer jet which suggest
that some of the small-scale structure is clumping and deflecting on
scales which are not shared by the more diffuse emission. Broadly
speaking though the 143" oscillation dominates a region of the jet

where the radius is of order 8". The 31" oscillation dominates where
the radius is of order 5.5", and the 9" oscillation where the radius
is of order 1.9". The wavelength-to-radius ratios for these are thus
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The available constraints on depolarization of the jet make it
very difficult to interpret the 9" and 31" oscillations as the
dominant helical mode. The 143" oscillation can quite plausibly be
the n=1 helical mode however, and we are making that interpretation
while preparing our paper on NGC6251. It is then curious that the
dominant pinching mode with the same physical parameters for the jet
would have a wavelength-to-radius ratio of 5.4 (we estimate the Mach
number from the initial expansion rate as being about M=9). This is
close to the observed values for both the 9" and 31" oscillations
where they dominate, and leads to some speculation regarding coupling
between the helical and pinching modes.

We should have much to discuss about this and I am glad that I
am able to send Rick Perley to your Workshop even though the pressure
of teaching here at Queen's means that I cannot come myself. Again
my apologies for taking a while to reply to your letter, but you can
probably see that the situation has become rather more involved than
we thought a year ago, but very probably it also contains much more
of the physics that we are all looking for.

I will indeed send preprints of the work as soon as we have them
available. The paper on NGC6251 has grown like a balloon and filled
my entire summer; the work on NGC315 and 3C219 is therefore waiting
for a while until NGC6251 is complete and until the disruptions of
the new teaching year have gone by.



Be assured that you are high on our list for receiving the new
work when we have it in a legible form ! I am looking forward to
meeting you again so that we can resume some of the enjoyable
discussions we had while you were in New Mexico. I shall be here at
Queen's until the end of December at least. After that I may be
going to Charlottesville.

With best personal regards,

Yours sincerely,

Alan H. Bridle
Professor of Physics



