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NATIONAL RADIO ASTRONOMY OBSERVATORY 
r~ 1000 BULLOCK BOULEVARD, N.W. POST OFFICE BOX O SOCORRO, NEW MEXICO 87601 

TELEPHONE 505 835 2924 TWX 910 988 1710 VLA SITE 505 772 4011 

27 April 1981 

Dr. Helmut A. Abt, 

Managing Editor, 
The Astrophysical Journal, 

Kitt Peak National Observatory, 
P.O. Box 26732, 
Tucson, AZ 85726. 

Dear Dr. Abt, 

We enclose a revised version of the article ORBITAL MOTION OF THE HEAD-TAIL 
RADIO GALAXY IC708 by Vallee, Bridle and Wilson which takes account of the referee's 
counuent s . 

We have shortened Section IV by about 30% in response to the referee's 
criticism. We have also strengthened the statement on p.14 which explains why we 
use an ad hoc model for the variation of emissivity along the radio trails. The 
suggestion of the referee that "standard synchrotron radiation theory" be used to 
predict the emissivity variation has been known since the work of Jaffe and Perola 
(1973) to fail to match observed trail properties unless an ad hoc particle 
replenishment scheme is also introduced. There is presently no consensus about the 
mechanisms for, much less the parameterisation of, particle replenishment in the 
trails. As this topic is clearly stated to be outside the scope of the present 
article, we feel justified in adopting a purely empirical model for the emissivity 
variations. 

We do not wish to shorten Sections III or V similarly_. Section III contains 
a careful discussion of the possible centers of attraction which can be responsible 
for the distortions of this radio source; all that follows rests on the nature and 
location of these centers and we do not wish the reduce the weight of this 
discussion. It is precisely the "elementary" nature of the considerations given 
in Equations (1) to (7) that is likely to make the conclusions drawn from them in 
Sections III and V fairly independent of modelling details, In this case we feel 
that it is worth making the elementary nature of the argument very clear by writing 
the equations. 

The referee suggests that we give even less attention to models which fail to 
account for the structure (most of the discussion is now only a few sentences and 
some entries in Table 3). Our conclusion that continuous jet dynamics are much 
better able to describe the trail structure is not yet generally-accepted wisdom, 

so we feel that the precise reasons for the rejection of other dynamical models are 
still of interest. The referee's criticism itself attests to this, as it urges us 
to emphasise the JP model, which is not the preferred dynamics over most of the trail 
length. 

We have reformatted the title page, and have altered the nomenclature of the 
Tables, as requested in your letter. We request that Figure 6 be printed on text 
stock within the paper, and that the Tables be typeset. 

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



We trust that the article as revised is now acceptable for publication in 

the Astrophysical Journal. 

Please continue to send all correspondence in connection with this article 
to Dr A. H. Bridle, NRAO VLA Program, P.O. Box O, Socorro, NM 87801. 

Yours sincerely, 

)7~ L. 

Dr A. H. Bridle 

Dr A. S. Wilson 



VLA Site 

8 December 1980 

Dear Jacques, Dear Andrew, 4iCCeb
Here is what I hope will be the final draft of IC708. This takes 

account of the most recent iterations between JPV and AHB regarding 

interpretation. In particular see new discussion of the mass 

discrepancy on pages 19 and 21.

Appendix A was scratch after JPV noted that we are not''71 w computing 

with those equations anywa `'and after various people commented to me that 

it was difficult to follow without further diagrams. 

up. 
Jacques is having various small scruffinesses in the diagrams tidied 

Jacques - could you provide your 
angles quoted in Table III ? 

brief definition of the 

Please notate these copies with final proofreading errors, and return 
to me. The original is in a horrendous state (as the VIA Text Editor has 
a 6-week backlog I have cut/paste this version together and retyped parts 
of it myself - main reason for the delay), so I will munge together a 
set of tidy Xeroxes for actual submission. 

Jacques is having photography of the final diagrams done in Canada. 

Andrew - we thought A.J. would be most appropriate purely because 
of the long delays now encountered in Ap.J., and because A. and A. can 
only give rapid publication if you have a camera-ready manuscript. This 
manuscript is now a horrible montage that any camera would barf at. 

My immediate schedule is such that you should probably send your 
comments to me at U.N.M. (Dept. of P. and A., 800 Yale Blvd. N.E., 
ABO, NM 87131) . 

a~etry ~4ic iacm ~Merry Christmas, 

tw e bja/ / RS i~oNDAA  & ;;,4 

7 

i 

A 
~.. •~7 ~ ,fin t N 1 S~CfZ ~ s t--fZ v i c~S$~ 



ASTRONOMY PROGRAM 

University of Maryland, College Park, Md. 20142 
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Dr. A.H. Bridle 
Department of Physics and Astronojlly 
University of New Mexico 
800 Yale Blvd. N.E. 
Albuquerque, NM 87131 

Dr. J.P. Valle 

Herzberg Institute of Astrophysics 
100 Sussex Drive 
Ottawa, K1A 0R6 
Canada 

Dear Alan and Jacques, 

tel: 301-454-3001 

15 Noyember 1980 

I enclose a copy of the draft of the IC 708 paper with the proof reading 

corrections in. My remaining comments are: 
\ 

1) 

2) 

~SI~ L-L 
ii am sprry) to see the end of Appendix A. It does (did) describe nub 
the correct solution to the problem and, although may require a (VbB©DY. 
little mental effort to understand, is worth retaining in my opinion. 
Someone may need the answer to this one day and it would be helpful
to find it in a published paper. Only small modification to the 
text would be required to put it back in. 

P.21, paragr beginning "The Double-Orbit...". Surely the mass 
here should bathe ma s within the "cluster (large) orbit" so the 
agreement of 3.3 x 10 M6 with the initial expectations (Section 
IIIb) has no significance. I would expect M ti 1014 Mp within the 
cluster orbit. The low masses remain a disquieting thing, 

3) My preference is still for Ap.J. even if it may take a little longer 
to publish. The problem with A.J. is that it is considered a lower 
quality journal and is read by few people, and even fewer in Europe.. 
Theoreticians ignore it (and they should see fit) whereas everybody 
scans Ap.J. 

I don't need to see the corrected version before submission but please 
send me a final copy and tell me where you sent it. 

Merry Christmas to you too: 

A. S. Wilson 

copy to: Dr. J.P. Vallee 

F 
5't7A'~ 
IM-r 

+"i.JPvtt 

Dq r mcnc of Physic> and Astronomy 
Division of Mathematical and Physical Sciences and Engineering 



AST ONOMY PROGRAM 
University of Maryland, College Park, Md. 20742 tel: 301-454-3001 

Dr. A.H. Bridle 
Department of Physics and Astronomy 
University of New Mexico 
800 Yale Blvd. N.E.. 
Albuquerque, NM 87131 

Dr. J.P. Valle 
Herzberg Institute of Astrophysics 
100 Sussex Drive 
Ottawa, K1A OR6 
Canada 

Dear Alan and Jacques, 

15 November 1480 

I enclose a copy of the draft of the IC 708 paper with the proof reading 
corrections in. My remaining continents are: 

1) 1 am sorry to see the end of Appendix A. It does (did) describe 
the correct solution to the problem and, although may require a 
little mental effort to understand, is worth retaining in my opinion. 
Someone may need the answer to this one day and it would be helpful 
to find it in a published paper. Only small modification to the 
text would be required to put it back in. 

2) P.21, paragraph beginning "The Double-Orbit...". Surely the mass 
here should be the mas within the "cluster (large) orbit" so the 
agreement of 3.3 x lOt~M with the initial expectations (Section 
IIIb) has no significance. I would expect M ti 1014 M within the 
cluster orbit. The low masses remain a disquieting tfing. 

3) My preference is still for Ap.J. even if it may take a little longer 
to publish. The problem with A.J. is that it is considered a lower 
quality journal and is read by few people, and even fewer in Europe. 
Theoreticians ignore it (and they should se ) whereas everybody 
scans Ap. J. 4f ~a~tlG,► 

I don't need to see the corrected version before submission but please 
send me a final copy and tell me where you sent it.. 

Merry Christmas to you too: 

A. S. Wilso 

copy to: Dr. J.P. Valle 

Depattment of Physics and Astronomy 
Division of Mathematical and Physical Sciences and Engineering 
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ASTRONOMY PROGRAM 

University of Maryland, College Park, Md. 20742 

MEMORANDUM 

TO: Alan and Jacques 

FROM: Andrew 

SUBJECT: IC708 Paper 

DATE: September 17, 1980 

tel: 301-454-3001 

I've now been through your drafts of IC708 and enjoyed reading them both. 
Although the content is similar I found Alans to be easier going and have 
therefore made my suggested corrections on his version (enclosed). I'll send 
the top copy (in which the blue corrections are easier to see) to you Alan since 
you volunteered to do the remaining rewriting. 

My comments are numerous and mainly small. The major point concerns the 
redshift difference of IC708 and IC709~(see page ~9) Since the errors on the 
radial velocities are + 150 km s-1 (1 x r. 

s.,\
authors the velocity difference 

is 64 + 212 km s-1. With such a large error, some remarks about the angle of view 
(page 10) and possibly the doubt about the single orbit model (page 18) may be 
questioned. I leave it to you Alan to rework the text somewhat to allow for this 
unfortunate uncertainty (I plan to get better redshifts for these 2 galaxies but 
the vagaries of telescope time, weather etc. have precluded this so far). 

After reading the whole thing I'm left vaguely dissatisfied. The motion 
of IC708 seems to be nicely towards IC709 but in the 2 orbit interpretation it 
is motion around the cluster center (to which the motion of IC708 does not point) 
which dominates. Perhaps this is just "state of the art". If we stretch the 
redshift difference to 276 km s-1 can we get over the timescale problem? 

Department of Physics and Astronomy 

Division of Mathematical and Physical Sciences and Engineering 



OBSERVED RADIAL VELOCITIES IN A13114 

Cluster Centre: <Vr>c = 10150 ion/s 

Cluster Dispersion: o = 708 ku/s 
r 

IC708 - <V > 
r c 

IC7o9 - <v > 
r c 

= -.JL7 6 53(o kMI s 
= 6ao kM1 s 

PROBABILITY FOR ONE GALAXY TO FALL to l nn 6 4 k s 
c4 
Between -5 ion/s and -.6 ,in/s is given by: 

1 1 x-p 2 
P~(x,r,o)dx = — exp[- 2 

(—-) ]dx 

where: dx =1~~ km/s 

u = 0 km/s 

o = 708 km/s 

PROBABILITY = 0.035 r L? 

Characteristics The Gausian distribution function is day 
fined as _ 

P ix,p,o) 
v 1/2a 

exp 
^ 2 

(x 
v )`] (3-9)

It is a continuous function describing the probability that from a 
parent distribution with a mean  and a standard deviation o, the 
value of a random observation would be z. Since the distribution 
is continuous, we must define an interval in which the value of the 
observation x will fall. The probability function is .properly 
3efined such that the probability dPa(x,ji u) that the value of a 
random observation will fall within an interval dx around x is 
'riven be 

dP(x,p,u) = Po(x,µ,a) dx 

or_zidering dx to be a, infinitesimal ifferential. 

•\&: S c Sn~ iAQ. 

>s,) : o. zz4s 
o. i 742 P ( v< ) 664 = • 053 0~ 

l&S" rt. 
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Interoffice 

National Radio Astronomy Observatory 

Very Large Array 

To: Jacques, Andrew 

From: Alan 

Subject: IC708 redraft (sorry, Jacques) 

I really think Jacques' last draft was becoming very hard to read because of its 

intermingling of the computational details with the astrophysical flow of ideas, and 

suggest that we separate them by some re-ordering and by putting certain details into 

Appendices as in this (rough) redraft. I also feel we need to emphasise more our 

firm (model-independent) conclusions and explain the merits of the double-orbit 

picture (not mere complexity but probably essential astrophysics). At the same time, 

I felt the paper was getting too long for its content and have attempted to shorten 

it. The result is rough and bumpy, but I'd like to hear your comments on this 

direction for revision before I work on it some more. I visualise another complete 

circulated draft before it goes for "final" typing. Despite Jacques' long "history" 

on the cover of the last draft, I do feel more work is needed to make a readable 

and concise paper. I'll do the remaining rewriting if you could both send me your 

opinions. 
I've given greater emphasis to the "twin-jet" analogy in the concluding remarks 

because I believe the direct observations of the intensity and polarization 
distribution were leading us to the same conclusions that we reached by detailed 
modelling of the orbital and ejection parameters - namely that analogy with the 
straight jets may be the right astrophysics for the object. Possibly I'm prejudiced 
and doing conclusion-jumping that is unwarranted. I will rely on you two to tell me 

so. 

I'd like to see the observed and predicted ridge-line intensities for the double-
orbit Begelman model in a Figure such as we had at one stage for the single-orbit 
JP model. It would help pick out the intensity maxima that we're talking about. 

I also thought that at several points in the text it would have been useful to 
have labelled features along the trails in Figure 3(a). This would make it easier to 
refer to important features later in the discussion. 

At the present rate of progress we ought to think of second-epoch observations to 
check the model directly. (My fault, Jacques !) 
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DEPARTMENT OF PHYSICS 

STIRLING HALL 

Physics 
Engineering Physics 
Astronomy 

July 29, 1980 

Dr. Alan H. Bridle 
Dept. of Physics & Astronomy 
University of New Mexico 
800 Yale Boulevard N.E. 
Albuquerque, New Mexico 87131 
U.S .A. 

Dear Alan and Andrew: 

ueen's University 

Kingston, Canada 
x7L 3N6 

Dr. Andrew S. Wilson 
Astronomy Program 
University of Maryland 
College Park, Maryland 20742 
U.S.A. 

PDP11/34 computing time for BOWMAP and RAMMAP is directly proportional 
to the number N of cubic blocs used, times the number NT of trace steps along 
the radio ridges of a source: Tim = N~.NT

Trials made this weekend when nobody used the computer indicated the 
following computing times, using identical input parameters except as given below. 

Trial 
N 

Cube Side NT 
Degree 

Per Step 
PDP11/34 

Pixel HPBW 
Computing Time 

1 64 millions 2 kpc 10 3.0° 4"=4 kpc 1 hour 
2 64 2 50 0.6° 4 4 5 
3 64 2 100 0.3° 4 4 11 
4 64 2 200 0.17° 4 4 20 
5 125 1.5 170 0.20° 4 4 42 

The degree of smoothness of the intensity distribution (RA, DEC) for trial 
1/3 is about equal to that of the actual VLA distribution observed (see figure A 
attached). For comparison, trial #4 is displayed in figure B attached, and trial #5 
is displayed in Figure Cl. Figure C2 is a Versatec contour plot of Figure Cl 
(courtesy of M.J. Kesteven). 



Please accept, dear Alan and Andrew, the expression of my best sentiments. 

Amicalement, 

JPV/ih Jacques Vallee 
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BEAM CONVOLUTION= 0.40E+01 ARCSEC ~"~" 
SPACINGIF'T = 0.18E+01 ARCSEC 
MAX.INTEN.= 0.786E+01 AT ( 0 ARCS q 81 ARCS) 

41 
+ 

90 -I 

86 --I 

-18 

B1211 

-77 
-+ 
I-

i-

82 _I El I22347963 I-

79 Eli 1IE2564H I-

7 ;j -i IIGi1 i iHC 83672E I -
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57 1342 I-
54 -- A2452C I-

50 C2551C I-
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36 -I 13531 I368667973E I -
32 _ I A1462I 132355431EI12441A I-

28 -I I1133FB G36641C III'21FA I -

25 14631 C2453113 Hill I-

21 -I F2661F H257531 IIH I HEA I-

18 -I 1.21. C2341. DllC I -

14 -I I453II C25753C CIIB I-

10 _I 112541 A2442C ACCEIIC I-

7 -I 1I0 F357423 AFFFEEB I-

3 -I 811210 136531 AEFDA I-

0 -i 001.111 0135631 A I-
-- 3 1312 3456530 I-

-7 -I D I:I B I-

-10 -I I-

-14 I-

-18 --I I-

41 

SYNTHETIC MAP 
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 + 

-77 

- NUMER:ICAL_ SIMULATION OF THE ORBITAL MODEL_ OF I708-DOB 

INPUT LISTING - NUMERICAL PARAMETERS: 

CLUSTER FARAMETERS: 

BINARY PARAMETERS: 

DYNAMICAL PARAMETERS: 

EVOLUTION PARAMETERS: 
OBSERVER FARAMETERS: 
PHOTOMAP PARAMETERS: 

CELL_SZ= 0.20E+04 NCELIII=400 
O•~,9 

DE'F'T Hc-:' IMAX= 200 
XACC=-0.20E+05 YACC==-0.25E+06 
7_ACC--0.39E+06 ANGLE= 3.3 CIRV= 0.59E+I 

XO=- 0.20E+05 ZO---0.70E+04 ELLAX= 0.21E+0. 
COMASS=- 0.33E+12 NTURN= AF'OGALAC I~ r 
AZIMA== 90. POLARA= 130, 1 4 6 E 
VN= 0.78E+04 VS= 0.77E+04 STOF'D= 0.90E+0 
AW - 0.'25E+04 
ABOW= 0.8E-20 ABR= 87.0 BOWMAP MODEL=JA. 
FLUX DENSITY DECREASES AS EXP (-25/SMAX) 
XOB= 0.20E+09 YOB=-0.20E+08 ZOB= 0.40E+0 
SELECF=0.08 CONVF= 2.2 JO=-10 
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OUT OF BLGLLMAN 
16 .- - -- _ --

CC)NVOLUTION= 0.40E+01 ARCSEC 
SF'ACINGJF'T= 0.16E+01 ARCSEC 
MAX. INTEN.::: 0. 172E+0:? AT ( -1 ARCS r 81 ARCS) 
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1234542B 
I1135087 8973G 

A:13576542013541D 
C1221A 

AO:121 I A 
AG11HD 
E11C 
C11C 

CDEHIC 
CLIEGOB 
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SYNTHETIC MAP — NUMERICAL SIMUL-ATION OF THE ORBITAL MODEL OF 1708—DOB 

INPI..3'I' L_:1:ST:INO -- NUMERICAL PARAMETERS: 

CLUSTER PARAME'T'ERS: 

BINARY PARAMETERS: 

DYNAMICAL PARAMETERS: 

EVOLUTION PARAMETERS: 
OBSERVER PARAMETERS: 
FF'HOTOMAF PARAMETERS: 

CELL_S7_-- 0. :LSE.+04 NCEL1LI=500 
DFF:'T::: 0.2 I MAX::: 170 
XACC:::--O c 20E+05 YACC---0.25E+06 
ZACC=-0.39E+06 ANGLE= 3.3 CIRV= 0.59E+( 
XO: 0.20E+05 Z0 -0.70E+04 ELLAX 0.21.E+0` 
COMAS S= 0.33E+12 NTURN= APOGALACT ICON 
FIZIMA 90: F'OLARA- 130. 
VIN 0.78E+04 VS= 0.77E+04 STOPD= 0.90E+0~ 
AWE 0.26E+04 
ABOW- 0.OE--20 AI-: R:: 87.0 80wMAE NODE!".=JAI 
FLUX DENSITY DECREASES AS EXP (-2S/SMAX) 
XC)B= 0.20E+09 YOB S-0.20E+08 ZOB= 0.40E+0' 
SE_L_ECF=-0.03 CONVF- 2.2 J0=-10 
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Dr. Andrew S. Wilson 

Astronomy Program, 

university of Maryland 

USA Kingston 20 Maur  1980 

DEPARTMENT OF PHYSICS 

STIRLING HALL 

Physics 
Engineering Physics 
Astronomy 

Dear Andrew, 

Queen's University 

Kingston, Canada 

K7L 3N6 

Enclosed you will find more equations pertaining to our 

paper on IC708 VLA at 6cm. 

SUMMARY: On modelling Begelman et al(f:tature 279 770-773), 
three inconspicuous errors krept up in. The correct equation is: 

J 
mvyl~pNa // 

The proof (due in part to R.N.Henriksen) is attached (Pages A,B,C,D). 

} " 

SUR1vIARY: On modelling Dual orbital motion (IC708 around IC709 
in an ellipse, and the system IC708/709 around cluster centre in a circle), 
may I ,join the Whole orbiting scheme (Pages E,F,G,H,I) as well as the 
Full equations for the radio trails (Pages J,K). 

The beauty of this Dual orbital motion is to give shorter overall time scales 
(lO**8 years, as opposed to 10**lO years for only one orbital motion). 

Cheers, 

J.P.Vallee 
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ASTRONOY 

t'nivctsity of 1!a; ,PI: 3Ol 434-3CG1 

Drs. J.P. Vallee and A.H. Bridle 
Department of Physics and Astronomy 
Queens University 
Kingston, Ontario K7L 3N6 
Ca n!.1 

Dear Jacques and Alan, 

4 March 1980 

Thanks for the latest version of IC 708. Tam basically pretty happy 
with Sections 1 and 2 (p.3 -- middle of 6) and am enclosing my textual 
modifications of these pages. I'm afraid I still regard the model of 
Section 4 as illustrative rather than definitive because: 
a) At the jet velocity found (only 12 km s-1), the gravitational force 

of IC 708 (and perhaps IC 709) on the jet itself must be very important. 
b) With such a low speed, the jet must be subsonic and the Jaffe and 

Perola form d = D(1 - exp (- v t/D)) cannot be used. For subsonic 
0 

velocities the G4Owie and McKee form d = D In (1 + vot/D) is appropriate. 
There are, however, plenty of problems with this since the size of 
the blobs is about constant (they are contained by thermal pressure), 
so they would have to begin in the nucleus being a few kpc across! 

Although 
point (h) is easy to get around, I fear point (a) is more dif-

ficult. With n relative velocity of the galaxy w.r.t. the surrounding 
gas of n1y a Lew tens of kilometers per second, the jet velocity must be 
comparably low for enough bending. All this means, presumably, is that 
gravitational forces may dominate the motion. Such low speeds make me 
think of Gull and Northovers bubble model of extragalactic sources. I 
scene way out but to include gravity in a numerical calculation. 

In general, I feel the discussion is too much oriented pro Jaffe and Perola 
and too anti the more recent jet models. I think Section 5b is not really 
relevant to the main thread of the paper and raises other questions. For 
example, in part (iii) one has to arrange for the electrons to spend long 
enough in the enhanced field regions to give rise to the observed radio 
emission but not too long or they will suffer energy losses. There is 
a literature on this topic -- see Hughes Mon Nots 186, 853 (1979) and 
Burn (referenced by Hughes). 

The most important worry, however, is the dynamical model itself, perhaps 
we could talk on the phone about the best way forward. 

With best wishes, 

A. S. Wilson 

ASW/ z 
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To: Dr. Andrew S. Wilson 

From: Jacques Queens University Memorandum 

Date: 13 Nov. '79 

Subject: Your phone call yesterday at 5p.m, about the IC708/IC709 paper (VIA, 6cm data). 

Enclosed you will find the proofs concerning the system.of equations (1) 
and (2), written as "Appendix A" here. 

Also, you will find enclosed the proofs concerning the system of equations 
(6) and (7), written as "Appendix B" here. 

Please accept, dear Andrew, the expression of my best sentiments. 
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