
NATIONAL RADIO ASTRONOMY OBSERVATORY 
Edgemont Road, Charlottesville 

Virginia 22901 

29 Ilarch 1984 

Dr. G.G.Byrd, 
Department of Physics and Astronomy, 
University of Alabama, 
P.O.Box 1921, 
AL 35486 

Dear Gene, 

I am glad you found the plots from the November run. I have 
since tried one more self calibration at 2cm to see if I could 
remove the crud around the point source, but concluded that the 
reduction I did at the VLA is very close to being noise limited. I 
will not pursue calibration any further. 

I made one-dimensional profiles across the jet at 6cm and 2cm 
and fitted these with Gaussians to estimate the jet widths. The 
jet is unresolved with the 0.38" beams, but may be resolving at 2cm 
with the 0.2" beam. The variation of peak brightness with beamsize 
at 2cm confirms this, and I estimate (deconvolved) FWHIis of 0.12" 
at the first jet knot southeast of the core (0.8" from the nucleus) 
and 0.17" at the second knot in this direction (1.4" from the 
nucleus). These estimates will allow us to derive equipartition 
parameters, etc. for the jet. 

I have also made 20cm and 6cm maps of the whole source at 1.6" 
resolution for spectral comparison, excluding the outer 120,000 
wavelengths in the (u,v) plane at 6cm. These maps both contain 
essentially all of the single-dish flux densities of 3C288 at these 
frequencies. I enclose the 20cm and 6cm maps contoured so that 
emission with the integrated spectral index of 3C288 would have 
equal numbers of contours at the two frequencies. This very 
clearly shows the increased prominence of the jet region at 6cm 
(flatter than average spectrum) and of the "spurs" extending from 
the lobes at 20cm (steeper than average spectrum). I also enclose 
a spectral index map made by combining these two 1.6" resolution 
maps. 

I have also measured integrated fluxes for various parts of 
the source (jets, hot spots, lobes, etc.) at 20cm, 6cm and 2cm, for 
use in various parts of the paper. 

I think I am now all done with mapmaking and measuring, and 
can finish writing the paper. 

Yours sincerely, 
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NATIONAL RADIO ASTRONOMY OBSERVATORY 
Edgemont Rd, Charlottesville, VA 22901 

14 July, 1983 

To: M.S.Roberts 

From: A.H.Bridle, G.G.Byrd, E.B.Fomalont, M.J.Valtonen 

Subject: VLA Observing Proposal - 3C288 

We request 8 hours of 2cm VLA observing time in the A configuration to 
make a high-resolution map of the central bridge of emission in 3C288, and 
to identify any hot spots in the radio lobes. 

3C288 is identified with an 18-magn elliptical galaxy with z = 0.246 
in a faint cluster. Our previous VLA observations of the source at 20cm 
and at 6cm (AB-67) revealed an unusual structure. The 20cm map (Figure 1) 
shows two unusually broad lobes, out of which there project several faint 
tongues or spurs of emission. This map shows that the source is almost 
twice as large as was evident from the earlier Cambridge map (Pooley and 
Henbest 1974); the northern lobe structure does not admit a simple 
"orbiting head-tail" interpretation as we suggested in our earlier proposal 
(AB-67). The 6cm A configuration map (Fig. 2) shows a narrow bridge of 
emission across the center of the source, within the optical image of the 
galaxy. This may be a combination of emission from a core and a jet, but it 
is not presently well enough resolved either to distinguish the core or to 
classify the elongated structure as a jet on Bridle's (1982) criterion. The 
optical positions for the center of the optical galaxy measured at Queen's 
University (Goodson et al. 197 9) and by AHB on the "CIA" engine in 
Charlottesville suggest, but do not require (due to their 0.4" accuracy) 
that the central peak in the bridge contains the galactic nucleus. 

If this is correct, then the rest of the bridge may be a two-sided jet 
(<4:1 brightness ratio between the two sides - Bridle 1982). This makes 
the the source more unusual, as it would be the most powerful radio galaxy 
known to have a two-sided jet. Two-sidedness is common among sources more 
than ten times weaker than 3C288, but other radio galaxies of this power 
either have jets that are notably more asymmetric than 4:1 in brightness, 
or no detectable jets at all. The core may not however be in the central 
peak. If it is in the northern or southern peaks, the bridge might be a 
"one-sided jet". The higher resolution of the proposed 2cm observations 
may allow the core to be identified by its compactness amd spectrum alone, 
independently of the optical position data. 

One-sided jets in powerful sources are normally dominated by magnetic 
field stretched along their axes, while two-sided jets in weak sources are 
normally dominated by perpendicular field (Bridle 1982, confirmed by a 
sample of 120 extragalactic jets compiled by Bridle and R.A.Perley for a 
forthcoming review article). It is of interest to know whether the bridge 
in 3C288 has a magnetic configuration like that in other jets of its power 
(B parallel), or like that in other jets of its brightness symmetry 
(two-sided, giving B perpendicular, or possibly one-sided, again giving B 
parallel). Our 6cm data at 0.6" resolution detected too little polarization 
(<5%) to characterize the E vector orientation reliably. We do not know 
the cause of the low polarization in the bridge (low polarization is very 
uncharacteristic of jets in general, although, curiously, two other jets in 



fairly powerful radio galaxies - 3C277.3 and 3C338 - have 6cm polarization.. 
<5%). But whatever its cause, both the higher resolution (0.15") and the 
higher frequency of the proposed new observations can be expected to 
increase the degree of linear polarization that is observed, and may allow 
us to examine the E vector orientations along the bridge. 

As the source is not very strong, we deferred requesting A 
configuration observations at 2cm until now to take advantage of the 
front-end retrofit. An 8-hr integration at 50 MHz bandwidth using the AC 
and BD IF's should give us enough S/N to map the bridge satisfactorily at 
2cm. The core flux density is probably only 10-20 mJy however, so it will 
not be possible to self-calibrate very rapidly; we will need some luck with 
the weather to be successful and to get good dynamic range. If successful, 
we will (a) locate the core and thus establish the intensity symmetry of 
the bridge, (b) determine the detailed structure of the bridge - is it a 
"jet", is it expanding ? ,(c) search for linear polarization in the bridge, 
(d) try to pick out any compact features or hot spots in the lobes. The 
reasons for the elongation of the lobe structure, and for the "tongues" of 
emission extending from it, are presently unclear. It may help 
interpretation of the source to resolve away the more extended lobe 
emission, thus showing the locations and shapes of any more compact 
features in the lobes. For example, is there any connection between the 
bridge and the longer of the two northern tongues, which has almost the 
same position angle as the bridge 7 

REFERENCES 

Bridle,A.H. 1982, Proc. IAU Symposium No. 97, 121. 
Goodson,R.E., Palimaka,J.J. and Bridle,A.H. 1979, A.J., 84, 1111. 
Pooley,G.G. and Henbest,S.N. 1974, IINRAS, 169, 477. 



3C288 IPOL 1464.900 MHZ 3C288L512SC4. ICLN. 1 

39 06 4S 

D 
E 
C 
L 
I 
N 
A 
T 
I 
0 
N 

ti- - - ?.fJc►n 

F(\9..) O± 1 ' G€.e&,{i'on. 

30 

15 

00 

13 36 39 38 37 
RIGHT ASCENSION 

PEAK FLUX = 1.1842E-01 7Y/BEAM 
LEUS = 0.6500E-03 w ( -1.0, 1.0, 2.0, 

3.0, 4.0, 6.0, 8.0, 10.0, 14.0, 
20.0, 30.0, 50.0, 70.0, 90.0, 120.0, 
150.0, 200.0) 

2 ≤cc 

~-c(e 4tL.



3C288 IPOL 4885.100 MHZ 3C288TRUSC2.ICLN.1 

D 
E 
C 
L 
I 
N 
A 
T 
I 
0 
N 

1 

39 06 30 

25 

20 

15 

I I I I 
13 36 39.0 38.5 38.0 

RIGHT ASCENSION 
PEAK FLUX = 1.3489E-02 7Y/BEAM 
LEUS = 0.3500E-03 ( -1.0, 1.0, 2.0, 

0 

f  Z-
3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 
12.0, 14.0, 16.0, 20.0, 24.0, 28.0, C: O'~ (~
32.0) 

1 

37.5 

0 



THE UNIVERSITY OF ALABAMA 

Department of Physics & Astronomy 

4E1 , 

4 __ 

/, I  
0 

/ 

/1 

o 

208 GALLALEE 205/348-5050 POST OFFICE BOX 1921 UNIVERSITY, ALABAMA 35486 



II 

NATIONAL RADIO ASTRONOMY OBSERVATORY 

EDGEMONT ROAD CHARLOTTESVILLE, VIRGINIA 22901 

TELEPHONE 804 296 0211 TWX 510 567 5482 

2 May 1983 

Dr. G.G.Byrd, 
Department of Physics and Astronomy, 

University of Alabama, 

Box 1921, 
University, AL 35486 

Dear Genes 

On looking carefully at the 20cm map for 3C288 I realised that 
the 'noise' 

on the map was well above the expected system sensitivity, so I 
haae dely d 

into the data using the Export Tape which Ed Fomalont had left in 
the library 

here. I have analysed this using the self-calibration algorithm, and 
have 

achieved about a factor of three improvement in sensitivity. Plot A attached 

is the fl PS output of the map made at the VIA without self-calibration in 1980, 

Plot B is a remake of that map in AIPS, before self-calibration. Both are 

quite noisy, with lots of off-course contours at the 2 mdy level. Plot C is 

my new map after tour passes through self-calibration, two passes to do 

phase corrections only, then two doing both amplitude and phase. Plots D,E,F 

and G show the gain corrections made at each of these iterations. There were 

some large phase glitches in the data still, and antenna 15L seems particularly 

bad. After the first run of selfcalibration, I started flagging the data on 
the basis of 4-sigma aiscrepancies between the visibilities and the model, and 
15L accounted for about 3/4 of the new flags. I have circularised the beam on 
all the new maps (it makes it easier to recognise extended features and the 
position angle of their extent), and propose a resolution of 1.6 aresec for 
the spectral comparison. After four iterations the self calibration has 
converged nicely and I doubt that much noticeable improvement could be obt_ined 
by continuing the analysis. Plot H shows the polarized intensity map at the 
1.6 aresec resolution. 

I decided to try the same procedure with the 6cm data. Plot I shows the 
amplitude of the visibility function plotted against (u,v) distance - there were 
some isolated high points in the distribution which I have edited out by 
clipping off all data above 110 mJy I made one pass of phase self-calibration 
aria one of phase and amplitude. Plot J gives the visibility plot for the final 
clipped and calibrated data set. Plot K gives the untapered 6cm map from this 
data set, contoured to almost the same level as your I:PS plot. Plot L gives the 
map from the data as with your calibration, using the same contours for comparison 
purposes, while Plot M is the original BPS output. The only small problem 
remaining is a very low-level fringe pattern running through the extended emission 
of the northern lobe, which I suspect is related to an unsampl region of the 
outer (u,v) plane. Trimming the data set down to 300 kilowavelengths 
circularises the outer boundary of the coverage, and Plot N snows the map made 
without tapering but with this truncation. Its resolution is 0.66 aresec rather 
than 0.6 aresec, and the fringing is somewhat reduced. It is not enough to 
bother our interpretation, so I propose to stop there, and consider the data 
set aalibratea. 

Now a question regarding display. I woula like to show the total intensity 
data at 6cm as in Plot 0, for clarity given there will be a lot of contours 
drawn. This would require a statement to the effect that no emission was 
detected from the extended wings on the 20cm map. Will this be acceptable ? 

in. tee s Z6o a 3?o k~1 1
OPERATED BY ASSOCIATED UNIVERSITIES, INC., 

UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION 



Second, when displaying the polarization data, we can either plot vectors of 

polarized intensity (as in Plot P), or a contour map of polarized intensity 

(Plot c) and vectors of degree of polarization (Plot U). I lean to the 

latter approach as it gives a lot more information in the long run. (The 

'ratio' in the present caption is degree of polarization - the caption can 

be made more explicit by drawing a vector or' length 0.5, perhaps in the 

upper right corner of the map). 
I am now preparing the 6cm map at the lower resolution for comparison with 

the 20cm map. I note in the paper that you said this was done by convolution. 

I would propose to do a little more. I will truncate the 6cm data set at 120 
kilowavelengths, to correspond to the truncation of the 20cm data, then will 
excise the data from the 20cm data in the inner part of the (u,v) plane where 
there are no corresponding samples in the 6cm data. Comparison of the 
untapered maps made from these modified data sets should give us the spectral 
comparison with the coverages at the two frequencies as similar as possible, 
ana tnus with equivalent sensitivities to more compact and more extended 
structures. 

I also note that the 20cm CLE~Ning resumred 3.22 Jy (Plot C), while the 
(u,v) data contains visibilities up to about 3.4 Jy (Plot V). The integrated 
flux density of 3C288 (from the single-dish spectrum) should also be about 
3.4 Jy, so there may some still more extenaea structure to rind. I will try 
making a tapered 20cm map to see if any more can be dug cut. 

Note - I have added zero-spacing fluxes to both the 20cm and 6cm data sets 
to give CLEAN as much help as possible on the more extended structures. 

I am about to depart for the Jans►~~f ~Vorkshop at Green Bank, and will then 
be at the VLti for about ten days, so the final processing on this will be done 
in the last week of May. I think this is all worth it (a) because we now have 
the maps back again for more quantitative analysis, (b) because we have got 
deeper on the extended wings of the source. The Northern wing now appears 
quite clearly to be double (its weaker branch was just visible on the earlier 
reduction, but would not have been taken seriously). I will think about 
what it all means in the meanwhile. I will also be seeing Ed at the VLA and 
will take the new maps out for him. Could you pass them on to Mauri - I don't 
have his sabbatical address ? 

With best wishes, 



NATIONAL RADIO ASTRONOMY OBSERVATORY 

EDGEMONT ROAD CHARLOTTESVILLE, VIRGINIA 22901 

TELEPHONE 804 298 0211 TWX 510 587 5482 

21 March 1983 

Dr. G.G.Byrd, 
Department of Physics and Astronomy, 

University of Alabama, 
Box 1921, 
University, AL 35486. 

Dear Gene, 

First, my apologies for taking so long to reply to your letter about 

30288 and NG04869. I was particularly busy with another project, then was 

sick with the flu for a while. 

It appears that there is no backup here or at the VLA of the maps which 

were made on IitiiPS. To obtain contour plots of the usual publication quality, 

the maps should be remade and plotted on the CalComp plotter here. I have 

a tape of the calibrated data which can be used for this. It will also be 
necessary to do this to get beam sizes and quantitative estimates of integrated 
flux densities, etc. It is also possible that some improvement could be made 

to the maps with the self-calibration algorithm, although this does not appear 

strictly necessary for our purposes. 

I enclose the annotated spectral index map, and a version of the polarized 
vector map which shows the polarization scale. Note that there is an 8.1-GHz 
map of 30288 in Rudnick and Adams (AJ, 84, 437) which by visual appearance 
confirms the spectral index gradient across the North lobe. They also quote 
a very inaccurate (+2 aresec) optical position, which is plotted on their map. 

I measured the optical position using the Mann engine here, and 20 AGK3 
reference stars. The galaxy is elongated, possibly even double (?), but the 
centroid has a position which I was able to estimate very consistently. I 
find a(1950) = 13 36 38.61+0.04, 6(1950) +39 06 22.1+0.4. This is in good 
agreement with the position we measured with our Gaertner engine at Queen's 
University, a(1950) = 13 36 38.59+0.04, 6(1950) = +39 06 21.8+0.4, which 
was published in Goodson, Balimaka and Bridle (AJ, 84, 1111). I don't think 
we will get any greater precision off the Sky Survey prints - the galaxy is 
anyway about 6 arc sec in diameter. There is also another faint image in the 
radio structure, probably diffuse and somewhat xx bluer than the 30288 
galaxy. I measured this at the same time on the Mann engine, and got position 
of a(1950) = 13 36 37.99+0.04, 6(1950) = +39 66 25.+0.4. This is towards the 
back of the North lobe. I enclose a copy o the 6cm map with both positions 
marked. The position of the identification is consistent with either radio 
peak, or the gap between them, as the 'radio core'. Purely from the radio, 
the more northern peak is my guess - it's less resolved, and appears to have 
less polarization than the southern. Cie would need a 2cm map to check this, 
and probably should propose an observation with the A configuration. 
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I'm not sure what the next step should be. To do a really good job, I 
should get the maps back in digital form here, and try a self-calibration. This 

will take a little while, due to pressure of other projects. Alternatively, we 
could try to get the graphics department to produce displays using the tk lips 
copies we still have. This has been a continuing problem with the older VIA data, 

as mere was no high-quality plotter at the VIA itself. We should anyway put in 
a 2cm proposal by the April 15 deadline, to locate the nuclear core. 

Regarding NGC4869, I estimate that to obtain a 1O:1 signal to noise ratio 
at 50 MHz bandwidth on the bottom contour of the ~-1SRT 610 MHz map would need 
about 6 minutes of integration time in the 1) array. T'nis will produce a map that 
is more sensitive than, but no better resolved than, the map in your draft 
proposal. I am not sure that this will improve the solution for the galaxy 
aynamics, because of the low resolution. Furthermore, a snapshot observation (as 
tnis implies) will not deal well with all the confusion in the Coma region. It 
would be better to propose both D and C configurations, tnen combine the data, 
to map the whole region at 14 arc sec resolution. This would map the extended 
emission with better resolution than the WaRT 21cm map. To get the right C-configuration 
sensitivity (1O:1 signal-to-noise) on the very large structure would require 
about 6 hrs of integration, and would be a reasonable project. Trouble is, I am 
very heavily committed at present and feel very uneasy about taking it on. As 
with 30288, I could slow you down considerably. I think it would be better if 
you made the proposal entirely your own, for that reason only. 

One of my worries about doing orbital dynamics with these trails is the 
possibility that they deflect due to buoyancy in the 1GM pressure gradient, or 
under gravity (the 'light' and 'heavy' options, respectively). Can we ever be 
sure that we can-get the orbit shapes out of the radio shapes ? 

I will work up a 2cm proposal on 3C28&, and talk that over a bit with Ed. 
In the meanwhile I will try recovering the maps from the data tape I have here. 

With best wishes, 

Alan Bridie 
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January 2$, 1983 

Dear Alan, 

Here is the first draft of the 3C288 paper. We have ; a number of questions 

develop during the time we wrote it. 

First, can you determine the location of the visual galaxy better than the 

Cambridge group. The Cambridge position is consistent with the galaxy being on 
the jet but the error is several times the jet width so we can't be sure. 

Second, do you have the information for table I Section II about the parameters 
of the observations i.e. beam widths x orientations at 6 and 20 cm, what are the 
levels of the spectral index map, and the scale for the lines in the polarization 
map. We presume the VLA antennae configuration was "A" with antennas 2--10, 12, 
13, 15 - 25 working should the integrated intensities of the two lobes be calcu-
lated and should the equipartition partition parameters be calculated? 

Third, what are your thoughts on how the authors should be listed. Also, 
what authors are involved i.e. Vallee was on your 3C288 proposal along with 
you and Ed. Is he still on? 

Finally, we are thinking of proposing to observe NCC4869 with the VLA. Do 
you know the dates and future configurations of the VLA? Would you be interested 
in participating with us. A copy of the "scientific justification" part of the 
proposal is enclosed. 
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