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

Dr. A.H.BRIDLE 

tel. [804]296-0375 TWX 910-997-0174 

August 19, 1986 

Dr. E. Asseo 
Centre de Physique Theorique 
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 
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91128 Palaiseau Cedex 

France 

HAlene SOL 

Groupe d'Astrophysique Relativiste 

C. N. R. S. - Observatoire de Paris-Meudon 

5, place J. Janssen 

92195 Meudon Principal Cedex 

Lear 

We wrote tar Physics Reports a review on Extragalactic ."tagnetic 

Fields which has been recently accepted for publication. In order to 

illustrate our work we intend to present one map or photo~vou have 

obtained and published. We would he very grateful it you would authorize 

us to do it. 

If you agree, could you please send us a reproduction': (Jr else, 

please let us know it there is any problem. 

Thanking you in advance, 

Sincerely yours, 

E. Asseo, H. .o 
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THE ASTROPHYSICAL JOURNAL 

HELMUT A. ABT, Managing Editor 
Kitt Peak National Observatory 

Box 26732 
Tucson, Arizona 85726-6732 

602-325-9215 
August 

Dr. A. H. Bridle 
National Radio Astronomy 

Observatory 
Edgemont Road 
Charlottesville, VA 22901 

Dear Dr. Bridle: 

A. DALGARNO, Letters Editor 
Center for Astrophysics 

60 Garden Street 
Cambridge, Massachusetts 02138 

617-495-4479 

24, 1983 

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, 

Helmut A. Abt 
Managing Editor 

HAA:ih 

Enclosure: Publication Agreement 

cc: Mr. Elmars Bilsens 
Production Manager 

Dr. R. A. Perley 
NRAO 
P. O, Box 0 
Socorro, NM 87801 

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



THE ASTROPHYSICAL JOURNAL 
Kitt Peak National Observatory 

Box 26732, Tucson, Arizona 85726 
revised HIGH-RESOLUTION VLA 

This will acknowledge receipt of a manuscript entitled 
OBSERVATIONS OF THE RADIO JET IN NGC 6151 

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. 

Please advise whether the  1  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. 

Hm tuT A. ABT, Idrtgr8
DATE 
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Dr. R. A. Perley 
NRAO 
P. O. Box O 
Socorro, NM 8'/801 



REPORT OF REFEREE 

Atutht~r, Titk Perley et al. :HIGHR OLUT1ON VLA OBSERVATIONS. OF _ 

THE RADIO JET IN NGC 6251

This paper presents important and new observations 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 observations. It would be far more 

useful to the reader to present the observations and straightforward 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 follows: 

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 
jet plotted with 2" resolution at 3 or 4 frequencies rather than the 4':4 
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 VIA Observations of the jet radio galaxy 
NGC6251", IAU 97) that 1301 rad m 2 RN was produced internal to the jet 
since the degree of linear polarization seen at 21 cm is 'ti 0.6 of that at 6 cm. 
In the present paper (pp 25, 42) the ratio P14807P4885 ti 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 line 10 p.42) 
(a) Constraint on the thermal density of the jet 

and (f) Constraints 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 density vs jet width (p.21. Fig.14) is very 
difficult to follow. 

(2) Page 61, line 5. Scheuer (MNRAS 1974) has shown that c << 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. 

(Plc.ue type your report on this sheet. Use other side if necessary.) 



THE AS I "ROPHYSICAL JOURNAL 

HELMUT A. ABT, Managing Editor 
Kitt Peak National Observatory 

Box 26732 
Tucson, Arizona 85726-6732 

602-325-9215 

Dr. R. A. Perley 
NRAO 
P. O. Box 0 
Socorro, NM 22901 

Dr. Alan H. Bridle 
National Radio Astronomy Observatory 
Edgemont Road 
Charlottesville, VA 22901 

Dear Drs. Perley and Bridle: 

A. DALGARNO, Letters Editor 
Center for Astrophysics 

60 Garden Street 
Cambridge, Massachusetts 02138 

617-495-4479 

July 18, 1983 

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, 

' / 
Helmut A. Abt 
Managing Editor 

HAA:ih 

Enclosures: 
original manuscript + 30 figs. & 1 HT 

Puti sffie~drhy Tie iJnRe £ry o iicago 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, Tucson, Arizona 85726-6732 

This will acknowledge receipt of a manuscript entitled  HIGH—RESOLUTION V LA 

QBSERVATIONS 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 sdIIing to pay the charges. 

Please advise whether the  1  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. AnT, Editor 
DATE 5/19/83 
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NATIONAL RADIO ASTRONOMY OBSERVATORY 
P. O. BOX O 

SOCORRO, NEW MEXICO 87801 
TELEPHONE 505-835-2924 

VLA SITE 505-772-4011 
TWx 910-988-1710 

POST OFFICE BOX 2 
GREEN BANK, WEST VIRGINIA 24944 

TELEPHONE 304-456-2011 
TWx 710.938.1530 

16 May 1983 

EDGEMONT ROAD 
CHARLOTTESVILLE, VIRGINIA 22901 

TELEPHONE 804-296-0211 
TWx 510-587-5482 

Dr. H.A.Abt, 
Managing Editor, 
Astrophysical Journal, 
Kitt Peak National Observatory, 
Box 26732, 
Tucson, AZ 85726. 

Dear Dr. Abt, 

SUITE 100 
2010 NORTH FORBES BLVD. 

TUCSON, ARIZONA 85705 
TELEPHONE 602-882-8250 

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, 

A. H. Bridle 

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



Kapteyn Laboratorium 
der Rijksuniversiteit to Groningen 

Nettelbosje 2 - Postbus 800 - 9700 AV Groningen - Nederland 
telefoon (050) 116695 - telex 53572 stars nl 

o 
;1 - 4 g3 

e 

~ ~ -6 7 d' - 

~c .
1 e .4tCJe 

1 
6' 6 1-

> 
Lir , 2~ 

' 
Lr.Z' LC r/ £ moo" 

A 4.  ,% 1(4I I(-



v 

f24,45 - -/ 

(•—__ ( £ 1' - ' c ' 

~~ Ga' ..,• rtis 

s ^' a / , o -'v
G2 

_s '-' -- 1- - 

(4 eLt - '   2 X 

€ ç ~,~~ 4 ' 

i4 47J#? 

p .*o6 

..ct. K-

~+c~

I 
~ L t d " /c (:P



4/oLI l y 7

/I _ - 

I 6 , 

I5 Z(d€ A 

£ ' ~..~ ~ - rm  

r 6   7 

1 

4 44 4e 

4Z -

7--.L , . 

B • 32" C YL G 4 //0 -3 -3J oi€ / _6 



U r 

V   - 

4 u , g_ I 'V 
(J /) 

GEC."

v >

/ zL ' ~ , ~ 
-64 ~:/ / f 

. ~ - ~~ ~u /? - 4j

1`/ ;i' 4 .- 7

, LL G?/ ZS ~ 

fr

p s % 

' 

d 'r' > 

~' e 4
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DEPARTMENT OF PHYSICS 

STIRLING HALL 

Physics 
Engineering Physics 

Astronomy 
r 

3 September 1982 

Dr.L.Zaninetti, 
Istituto di Fisica Generale, 
Universita di Torino, 

',, Corso Massimo d'Azeglio 46, 
10125-Torino, 
ITALY 

i 

t 

,Dear Lorenzo, 

Queen's University 
Kingston, Canada 
K7L 3N6 

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 aresec. 
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 estimat^d 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 
ROUGHLY 17.5, 5.6, and 4.75 respectively. 

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 


