DISCUSS10N OF THE PAPERS PRESENTED AT THE SYMPOSIUM

DISCUSSION ON THE PAPER BY BROWNE (p. 1)

SAUNDERS : If BL Lacs are Lo be considered as radiogalaxies seen
end-on, shoudn't we see emission lines in BL Lacs ?

BROWNE : I am in fact suggesting that BL Lacs are counterparts of the

weak ranaroff-Riley class-i radiogalaxies which, of course, do not have
strong eniission lines.

SCHEUER : The evidence for the slow non relativistic motion of double
radio structure 1is mostly based on old data and refers chiefly to the
diffuse structure. I think it is still true that, for all we Kknow soO
far, the very compact hot-spots could be moving at a few tenths of ¢, so
that the fact that jets point at the most compact hot spots may not Dbe
evidence for the intrinsic one-sidness of jets. Ve need more evidence
on this point.

BROWNE : Yes, I agree with you. If hot spot emission is beawmed, it
might also alleviate some of the problems such as the confinement of
very compact hot spots in some lobes.

BURKE : You cannot invoke statistics in the case of a single example
like 4C32.69. Single observationally selected objects are often
remarkable and improbable. Even with a carefully framed a priori
hypothesis, a single measurement gives an estimate of the mean, and no
estimate of the dispersion.

MILLER : 1In the unified scheme for BL Lac-type objects, presumably the
optical emission must be relativistically beamed. In the quasars'
unified scheme, the optical emission should not be so beamed that the
emission-lines are drowne¢ out (the line-to- continuum ratios are
similar in compact and extended quasars). Are the two schemes
compatible?
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BROWNE : Yes, provided the beamed component of quasar optical emission
never exceeds by very much the unbeamed continuum. Some optical beaming
is necessary to explain why core-dominated quasars are more likely to be
OVV's.

VAN BREUGEL : If BL Lac-objects are relativistic jets seen end-on,
wouldn't you expect that VLBI-jets would point towards those lobes?

BROWNE : Yes.

VAN BREUGEL : Schilizzi and I have found a 25 milli-arcsecond jet in
Mk501 which is nearly perpendicular to its large scale structure as
found using the WSRT (e.g., van der Laan et al., this volume).

BROWNE : You are talking about one object. On average jets and lobes
line up, but if there are small bends these will be amplified in end-on
sources.

BRIDLE : If a jet with bulk relativistic motion also wiggles, it may
then appear as only a few bright knots along its path, due to variations
in the Doppler boosting. It may then not be termed a '"jet" by
observers. This makes it difficult to infer the statistics of whether
"jets" brighten or dim where they bend. The ones we <call jets are
selected to be the ones which show the mosl continuous emission.

DISCUSSION ON THE PAPER BY CAWTHORNE (p. 7)

WRIGHT : What is the median redshift of the QSOs in your sample foo
which redshifts are available?

CAWTHORNE : The red-shift distribution is strongly peaked in the
interval 1.0 - 1.5, with some 2C % above 1.5.

JAUNCEY : Accurate radio and optical position measucenedts will be
particularly impo:tant in identifying the rcadio component that lies in
the nucleus of the optical object. These should be niade, where
possible.

CAWTHORNE : Unfortunately miRLIN coes not give absolute positions.

However good radio anc optical positions would help us Lo understana
soie of the more mysterious sources such as 3C454.
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DISCUSSION ON THE PAPER BY VAN DER LAAN (p. ¢)

READHEAD : Have you done any simulations of the self calibration scheme
at Westerbork. I ask Dbecause in a number of your examples there are
north-south extensions which may not be real.

VAN DER LAAN : Yes, De Bruyn and Noordam have done many simulations and
can assess the realiability of such features. I refer you to De Bruyn's
paper.

READHEAD : The dominant p.a. of 3C371 is east-west in VLBI scales.
The hint of structure in p.a.-30 deg, which can be seen in our first
survey map,vis probably due to poor (u,v) coverage since we do not see
it in maps at both 6 cm and 2 cm.

VAN DER LAAN : The large scale faint feature in p.a.-37 deg is one we
are very confident about. it is, moreover, consistent with a larger
scale unpublished 50 cm Westerbork map showing a halo of about 3'. At 6
cm this is resolved out except for its brightest ridge.

PERLEY : My VLA observations of 3C371 do not show any trace of a
feature extending from the core near p.a.- 40 deg. My map has 16"
resolution at 20 cm wavelength.

VAN DER LAAN : The feature is present only at well below the 1% of peak
flux level. Your dynamic range is marginal for this purpose, although I
see a hint in your map near p.a. +140 deg.

DISCUSSION ON THE PAPER BY PEARSON (p. 15)

JAUNCEY : The properties of the "Compact Doubles'", i.e. two widely
separated components with roughly egual brightness, and their high
association with galaxies, make them good candidates for gravitational
lensed objects. Our observations of 1934-63 (see Preston's talk)
support this.

SUBRAMANIAN : We have tried to model the '"compact-doubles" as examples
of gravitational lenses. The small separations in these doubles areé not
easy to model. Two kinds of model roughly it : 1) a model with 3
images, with 2 of the images very close together and a faint third image
facther away (about 1"); 2) a model with a black hole of 10 Mo
producing two images. Our work is as yet very preliminacy.
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BARTHEL :  Concerning the compact doubles: what limit on the size of
extended structure can you give? did the VLA find all the flux density?

PEARSON : The VLA data have been published by Perley (1982, Astron.J.,
87, 859). The resolution was about 0".4 and the upper limit on extended
stiructures was 0.2% of the peak brightness.

VAN BREUGEL : Does the galaxy identifed with 2021+614 have forbidden
narrow line emission?

PEARSON : Bartel has obtained a spectrum of 2021+614. He tells me that
it is a narrow-line radio galaxy with a redshift of 0.22.

WRIGHT : I would like to comment that all the known radio-selected
@50's with red-shift larger than 3 show evidence of a "humped" radio
spectrum.

MUTEL : Hodges, Phillips and I have recently completed a VLBI Survey of
10 sources selected on the basis of a 'peaked' spectrum (between 0.5 and
2.0 GHz). We found that only 3 of them possibly have simple double
structure at 18 cm. This confirms that not all peaked spectrum sources
are compact doubles (but probably all compact doubles have peaked
spectra).

SHAFFER : Is it clear which component in the 5 GHz map of 3C390.3 is
really the core? In some sources, the brightest component is not the
core.

PEARSON : The weak north-western component in the 5 GHz map is
partially resolved; it has also been detected in Linfield's 10.6 GHz
observation. Whether the bright, unresolved component is ‘'really" the
core, one cannot say, however.

DISCUSSION ON THE PAPER BY WILKINSON (p. 25)

READHEAD : I just want to add a comment on the class of steep spectrum
compact sources you discussed. In two cases (3C147 and 3C309.1) Simon
has found evidence based on the low X-ray emission, for relativistic
motion towards us. This may therefore be a common property in this type
of source.

ILKINSON : Whyborn in the next talk will show new evidence on the
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3C147 core. The situation regarding these '"precdictions' of superluminal

notion is clearly nmore complicated than we realised.

VAN BREUGEL : Steep spectrun cores in galuaxies tend (o have simpler
radio structures. I would expect that these cores are in gas poor
environments i.e. ellipticals. Could you specify what type of galaxies

Jou mean”
WILKINSON : They are eliipticals.

REES : You showed evidence that the gas in quasars was more disturbed
(and at higher pressure)} than on the radio galaxies. Although this
could indicate that quasars involve mergers, could it not simply
indicate that the quasar activity has itself heated and disturbed the

gas?

WILKINSON : The only direct evidence that these objects may be
associated with mergers is in the specific case of 3C48 which resembles
the 0351+026 system. This system is clearly a violent nerger of 2 rich
gas galaxies. The arguments for the other quasars being in mergers is
therefore purely circumstantial. The evidence is consistent with the
hypothesis but does not prove it.

HUTCHINGS : Optical imaging data exist on 3C48 and should be compared
with your 1" resolution radio maps.

WILKINSON : Yes! We would like to do this but haven't yet.

NEFF : Are the distorted quasars in clusters, 1i.e. are there
surrounding galaxies with which to merge?

WILKINSON :  They are all very distant objects, with red-shifts larger
than 0.5, apart for 3C48, so very 1little 1is known about their
environments as yet.

DISCUSSION ON THE PAPLE BY WHYBORN (p. 29)

REES : To display superluminal motion, a source must not only involve
relativistic outflow, but also fluctuate {or be 'blobby') on the scales
that can be observed. The absence of neasured superluminal motions is
not therefore 1in itself incompatible with relativistic outflow. There
is therefore no inconsistency with inverse Compton arguments for
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relativistc motion (e.g. those of Simon et al., 1983j. The only strong
argument against relativistic outflow in the @87 jet would come if
significant limits could be set to the proper notion of the knots.

PREUSS : What Rees said is in my view the reason why one should avoid
"predicting" superluminal motion from evidence for relativistic outflow.

COHEN : The archetypical superluminal soucces SC273 and 3C345 both show
the brightest component to be in the middle, not at one end, at low
frequencies (2.3 GHz) where the "core'" is self-absorbed. Thus 3C147 is
not necessarily different from the superluminals, except for the NW
bulge. How certain are you that the NW bulge is real?

PREUSS : We carefully looked at the data and we are quite certain that
it 1is real. In fact it is just here, along the direction of this NW
extension, where the only structural changes may have taken place
between April 1981 and December 1982.

SIMON : 1) The prediction of v/c = 9 by Simon et al (1983) assumed
maximum possible angle to line of sight of 8 degrees. In that model,
v/c £ 0.5 implies Q¢ degrees. 2) There were significant changes at 18
cm over 6 years, but it is not possible to unambiguously interpret these
changes as superluminal motion (Simon, Readhead, and Wilkinson, this
meeting). 3) Model of Simon et al (1983) was of course very simplified;
the calculation of bulk relativistic motion 1is still good, although
simple superluminal motion is apparently not occuring.

DISCUSSION ON THE PAPER BY BACKER (p. 31)

SCHILIZZI : Could you remind us what the spectra for the sources are?
BACKER : Both 3C84 and 3C345 have slightly negative logacrithmic indexes
at mm wavelengths ; both have been decreasing slowly over the past year

or two. 3C273 has been varying rapidly since 1981; 1its spectrum at 89
Glz was inverted during the early stages of the 1982 outburst.

DISCUSSION ON THE PAPER BY ROBERTS (p. 35)

JAUNCEY : I would 1like to ask the speakers to use the properly
designated IAU names for their sources.
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MUTEL @ Could you not eliminate the time-vacriable phase difference {RL)
problen at the VLA Dby using the 'VX' node (i.e. apply a previously
obtained gain solution) instead of phasing in real time?

ROBERTS : The right-ieft phase drift typically takes place on the scale
of hours. Thus the VA-iode is suitable for each coherent MKIII scan.
The scan-to-scan variations are removed from the VLBI by use of the
RR/LL ratio on the VLA-Green Bank baseline. At G cm this can be done on
a timescale of iniinutes if needed, as the signal-to-noise in the parallel
fringes is necessarily very high (1000s) if we are able to detect the
cross fringes reliably.

MOFFET : Is it clear that the cross-polarization coefficients (the D's)
are constant in time? ror example, they depend on antenna pointing

errors, which are certainly variable under windy conditions.

ROBERTS : As yet we have no information on the time-constancy of the
instirumental constants, although we are aware of the possibility of the
<ind of problen you suggest. With more dual-polarization equipment it
would be possible to check for this possibility..

DISCUSSION ON THE PAPEK BY GRAHAL (p. 43)

SHAFFER : Both 5C 236 and 3C 288 look like they are consistent with
Larry Rudnick's suggestion of alternating injection in that the
b%ightness peaks on one side of the core would '"fill in the gap" on the
other side.

MENON :  Which component do you suggest produces the low frequency
turnover?

GRAHAM : The small, bright western hot-spot will obviously turn over,
but it may well do this much higher than 100 MHz.

READHEAD : Surely 3C298 is a steep spectrum compact source, and the
turnover at 100 MHz is from structure 0.5" in size which you don't see
on your VLBI map. If observed with low dynamic range 3C147 would look
very like this.

ANANTHAKRISHNAN : The source has a large percentage of its flux in a

diffuse component of 400 mas size since IPS at 327 MHz shows that only
about 20% of its flux is in a component smaller than 400 nas. One
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should be uble to see this in low resolution low frequency VLB.

GRAIAL ¢ The VLB map shows about 70% of the total flux at 18 ciu. The
total extent of the source at lower freguencies is about the same as at

1€ cm, so there is no very large diffuse component.

DISCUSSION ON THE PAPEZR BY MENON (p. 45)

VAN BREUGEL : The emission nmneasure for free-free and optical line
emission are similar. One might expect therefore that low freqguency
turnovers for bLright emission-line objects occur at higher frecuencies.
Wouldn't. it Dbe possible to explain the red-shift dependence of the low

~

frequency turnovers as being due to free-free absorption

MENON : The measured angular sizes, where available, agrse very well
with the sizes computed on the basis of syncherotiron self-absorption
model. It is possible that for the smallest souirces the shape of the
spectrum  below the turnover freqguency is influenced by free-free
absorption.

DISCUSSION ON THE PAPER BY JONZS (p. 47)

SHAFFER : Apropos of the fact that your dynamic range 1is considerably
less than expected from SKhR considerations, one should remembec that
amplitude closure may not hola at high frequencies, where non-linear
phase variations within an integration may affect the several baselines
differently.

JONES : I agree. All of the assumptions that various errors remain
constant during an integration interval are less valid at higher
frequencies, and consequently the current self-calibration technigues
will not necessarily assure closure as well as at lower frequencies.
Baseline-dependent errors may be limiting the dynamic range of VLBI maps
at any frequency, and are very difficult to correct without good point
sources.

DISCUSSION ON THE PAPER BY BRIGGS (p. 49)

ROBZRTS : Could you comment on the relation of the changes in the VLBI
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visibility and the source outbursts? How does this relate to Wolfe's
mocdel for the source?

BRIGGS : The model that has the source continuum driving the cloud spin
temperatures, and therefore optical depths, was lightly constrained by
the observations taken in the period 1976-1981 (Wolfe, Davis, Briggs,
1982). Since then the source continuum has varied without the line
depths varying in the manner predicted by the model. The model has been
abandoned.

SIMON : Based on 1661 MHz observations of 0235+614 (used in calibrating
a VLBI experiment), the size is roughly 1 mas, with no extended emission
to the 0.5 % level.

BRIGGS : The source may be a little different at lower frequencies and
may change with time. The model may work well for a 1 mas source. The
gradients in opacity will simply need to be steeper.

DISCUSSION ON THE PAPER BY WEISTROP (p. 51)

JAUNCEY : Do you have any lerlin map at 1" resolution of this object to
match with your optical photo ?

WEISTROP : No, we don't, but de Bruyn will show tomorrow a map made at

wWesterbork.

JAUNCEY : Radio astronomers making these type of high resolution
surveys dicussed at this Symposiunm, should remember that. 4 m optical
telescopes make perfectly acceptable maps at 1" resolution and should be
included more often.

NEfFF :  Is there any evidence for spiral structure in the optical
nebulosity 7

Wi1STROP : We have not yet looked for such structure in our dala, but
plan to.
HUTCHINGS : We have no optical uata on this object. If the galaxy is a

triaxial ellipsoid, or an inclined disk, the projection on the sky of an
orthogonal radio jet need not be at right angle to the optical axis.

WZISTROP @ If the disk has symmetry with respect Lo the minor axis, an
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orthogonal radio jet will appear orthogonal projected on the sky.

BIRKINSHAW : The "optical" structure relevant to the VLBI jet is not
that of the nebulosity of 1219+28, but rather the very central optical
structure (hidden by the BL Lac light). A comparison of the morphology
of the fuzz and the VLBI structure is not very meaningful.

WEISTROP : If the central optical structure is aligned with the mminor
axis of the fuzz , the comparison is meaningful.

DE BRUYN : I will show a low-resolution WSRT redundancy map tomorrow,
indicating that 1219+28 is one of the best "point sources" (on arcsec
scale) known. sofar, but that there is a veiry faint extended emission
region to the south-west in the direction of the companions.

DISCUSSION ON THE PAPER BY COTTON (p. 53)

MENON : Optical guietness should not be decided on the basis of the
single epoch plates of the PSS since variability is a characteristic of
Lhese sources.

COTTON : Ffor a single source this is true but thece ace a nuiber of
souices in ny sample and none appears on the PSS prints.

WEISTROP :  Are there any plans for deep optical observations of these
sources using CCD detectors and large optical telescopes? Such
observations can go several magnitudes fainter than the Palomar Sky

Survey.

COTTON : The possibilit, of  this type of obseivations is being
& <

explored.

ZANINETTI : I would like to know why you have considered inverse
Compton losses and nol synchrotron losses?

COTTON : Both inverse Compton and synchrotiron losses were included in
the detailed models; in all of the examples I have shown that inverse
Compton losses are more significant than synchrol.on losses.

COEEN : Bulk relativistic motion towairds the observer appacently mnaxkes

the problem of explaining the specirunm more Gifficult. why noi look
into bulk relativistic riotion away from the observer?
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COTTON : Relativistic motion away from the observer will greatly reduce
the observable flux density. Since several of these sources are
~elatively bright (about 5 Jy at 400 liHz) they would be extremely bright
sources if viewed from the forward direction.

SAUNDERS : Your theme seems to be that there may be a new class of
object with compact radio properties which are optically "quiet", the
criterion for optical silence being no identification on the PSS. In
fact, several sources are known (from surveys such as Peacock and Wall,
1¢62, M.N.R.A.S., 198, 643) with the same radio properties which have no
PSS identification but which, on deeper investigation, simply turn out
to be faint galaxies. Their radio and optical properties are
unexceptional. Is there any reason to think that your sources are
different from those?

COTTON : The main point I was trying to make 1is that these sources
radiate via synchrotron radiation, though probably have significantly
weaker magnetic Tlields than the flat spectrum sources. On the basis of
the current data for 2147+145 a simple synchrotiron model piredicts nore
optical inverse Compton than is observed and very short relativistic
elect.ron lifetimes. None of the obseived properties of these sources
are peculiar. Only an attempt to determine the physical conditions
indicates a difference between these sources and the better studied flat
spectruni sources.

DISCUSSION ON THE PAPER BY FANTI (p. 57)

SIMON : A curiosity in 3C13¢ is that there is a 200 mJy component 1-2
minutes of arc away, along the jet, to the south-west. It may be
related; a VLA map is still in production.

WILKINSON : Just to clarify the point about whether galaxies or quasars
have different structures, there is a range of radio structures visible
in both optical types but the "pathological" cases where the source is
really distorted are only found among the quasars.

MUTEL : It appears that the sources with a dominant double structure
may be in the same class as the so-called 'compact doubles' (Phillips
and Mutel, 1982, A.A., 106, 21) but with larger linear sizes (1-3 Kpc)
and lower peax freguencies. There appears to be much correlation
between the wavelength of mniaximum flux density and linear size. Also,
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all of the doubles reported in yous paper and nost of the previously

xnown VLBI doubles are galaxies {(or IF).

FANTI : TResolution effecis can be very imgo:rtant. 3C138 would 1look

like a close douvble with Merlin.

VERON : Sonmetimes ago Rolana et al. (1982, Astron.Astrophys.,116,6C)
have observea with #Merlin fourr compact very steep spectrum sources
(A>1.3 ). All of them turned out Lo be doubleswith separations in the
range of 2 - 10 arcsec with unresolved components (smaller than 0.8").
Thiree of Lhese sources are as yet unidentified, the fourth is identifiec
with a faint galaxy with red-shift about 0.5.

DISCUSSION ON THE PAPER BY VALl BREZUGEL (p. £S)

SHAFFER : In wost objects, the low-frequency turnovers are consistent
with synchrotron self-absorpiion since compact components are seen with
the VLBI. NGC 106G is a rather unique in having free-free absorption as
the doninant cause of the low-frequency tu:rnover.

VAN BREUGEL : I agree that high surface Dbrightness and spectral
curvature can Dbe explained by synchrotron self-absorption. 1 disagree
Lhat the free-free absorption in NGC 1068 is just a special case. There
is mounting evidence that a large fracuion of quasars are embedded in
spiral-type galaxies and also muny racdio and optical properties of
Seyferts and sleep spectrum cores in quasars are similar. Thus steep
spectrun radio cores in quasars are probably also embedded in  dense
environnents. Ffor typlcal  Seyfert parameters one than expects also
firee-free absorption at low frequencies.

DE BRUYN : I agree thal the flattening of the spectium of WKGC 1068 is
due to free-fiee absorption. Yet in the steep speclruin cores, like 3C
147, the turnover is at the frequency where you would expect synchrotron
self absorption to become important on the basis of the brightlness

temperature (as derived from size).
VAN BREUGEL : I believe that botih synchrotion self-absorption and

free-free absorption contribute to the spectral turnovers in compact
radio sources ( see also answer to Shaffer's question ).
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DISCUSSION ON THE PAPER BY PHILLIPS (p. 62)
PORCAS : How strong is the central component of CTL 93 at 5 Gliz ?
PHILLIPS : About 0.0C5 Jy.

BACKER : Can we clear up the rate of uiscovery of coimpact doubles in  a
recent survey : is it 1/10 as you report or 3/10 as reported by lutel

this morning ?

PHILLIPS : A difference in semantics. We found one clear double and 2
"candidates" that may be triples, out of ten.

DISCUSSION ON THE PAPER BY PRESTON (p. 67)
BACKER : I realize that the galactic center is not a quasa:, but can
you comment on the single baseline result for this object?

PRESTON : The galactic centre appears to be extended in a general
east-west direction, though with only one baseline the size and shape is
very model dependent.

MUTEL : Can you comment on the variability of 0438-437

NICOLSON : 0438-43 had a sirong outburst in mid 1960's. This died away
smoothly over about 10 years. The 12 cm flux decreased from 8 Jy in
1970 to 4 Jy in 1980. The 13 cin flux density of 1934-63 has not varied
significantly since 1967.

SHAFFER : Although 0438-43 may bLe the first very high redshift QSO to
be mapped, other high z quasars, like OH471 and 0Q172, definitely have
structure detectable with VLBI. .

PRESTON : VLBI maps of five very high redshift QSO's were made by
Walker (unpublished). ffour of the sources show 1little structure
(including OH471). The other source (0l72) does show some weak
extended structure.

READHEAD : You have to be very careful in classifying sources as having
double morphology on the basis of observation at a single frequency.
Core sources often have '"double" stiructure at one frequency. You really
need to know the spectra.
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T A TN T Y - rea AP oA IS ALt L o~
DISCUSSICH CnN THE PAPER BY ZAWURALL {p. 85)

SCHEUER : lave you tried correlaling Lhe X-ray luminosity of
steep-spectrum  radio guasars with thelr core racio flux only? and, if
so0, what is the result ?

ZALOGRANT :© Yes, Lhis has been cone by Tananvaua et al. (1¢83a), for
the complete sample of 33 3Ck quasars, for most of which good
m2asurements of the core radio flux are available. VWhile there is no
evidence within the sample for a dependence of X-ray luminosity on the
total radio luminosity, they find a significant correlation between
X-ray luminosity and radio luminosity of the cenural radio component for

the CCR quasars which have a "triple™ radio structure.

“lLLek @ In answer to  Scheuer's question, we have found a strong
correlation between the X-ray luminosity and the radio cores of powerful
gouble .adio galaxies. ‘The cores of doudble exlended gquasars lie on this

coirelation.

BEGELMAW : I am aneasy about one aspect of the logic which leads one to
reguard the X-rays as a second order consequence of the radio flux in
the radio-loud sources. VUhile the presence of strong radio emission is
sufficient to guarantee a stirong X-ray flux, the converse is not true.
Therefore it might be sensible to explore the hypothesis that the
presence of X-rays 1is necessary for the production of the radio
emission. One possibility 1is that Compton heating by X-rays is
necessary to reduce the free-fiee absorption in a thermal wind, in order
for the radio to get through. Have you considered this alternative
approach ?

ZAIORANI : No, I have not examined this possibility.

PANAGIA : Concerning Begelman's gquestion, since to produce enough
free-free absorption one needs an high emission measure, one should
expect a clear anti-correlation between radio flux and hydirogen
recombination 1line intensity. To my knowledge such a relationship is
not. found from actual observations.

REES : If you are right 1in conjecturing that the X-ray component
correlation with the radio emission comes from a region larger ihan
10E19 cm, then the radio loud quasars would be less likely than the
radio-quiet quasars to show large amplitude X-ray variability on short

timescales. Is there any evidence of that 7
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ZAWORALT @ A systematlic stucy of tne X ray vacriability propectiecs of a
large number of guasurs observea with the ifinstein Observatory has been
recently conipleted (Zamorani et 21. 1983). 0On o time scale of about

cne day, they found fou:r va.iable guasars; two of thew e radio-guiet
anc two arve radio-loud (flat spectrum). Among the 31  quasars analyzed
on his time scule , 24 ure rqoio~loud {14 with flat radio specteoum and
10 with steep radio spectirunm) and 7 are radio quiet. hience, iLhe
percentuge of variable objects in the two classes of quasars would seem
to suggest, if ltaken at its face value, a higher frequency of short

timescuale variability in racio guiet quasars.

CGHEN : The very large dispersion in surface brightness seen by VLBI is
mainly due to the fact ithat most components are optically thin. In the
few cases where there are reasonable diamete, mneasureinents near the
synchrotron maximun, the brightness Lemperatures ure between 10511 and

10E12 K.

WRIGHT :  in any luninosity-luminosity plot it is important to consider
selecuion effects. I would like to see the effect of randonizing the

red-shifts between objects in your plots.

ZAMCRANI : I have not applied the "randomization"™ test that you are
suggesting. However, 1 am confident that the correlations discussed in
Lthis paper are real for two different reasons. First, correlations are
piresent. in all our samples even If we use the observed flux densities,
instead of the luminosities,; second, you would be right in worrying
about the reality of a luminosity-luminosily co.relation if the objects
weire selected independently from flux limited surveys at two different
frequencies. In fact, in this case there would be no information at all
for those objects whicn lie beyond the delection limit in one of the
banus, Dbul not in the other. But this is not our case : the objects
were pre-selected on the basis of theisr radio and/or optical properties
and then observed with the Einstein Observatory at X-ray frequencies.
The use, that we make, of both the X-ray detections and the X-ray wupper
limits assures that any correlation found in a comparison of radio
and/or optical data with X-ray luminosities is real.

HUTCHINGS : There is a correction that needs to be made to L to
remove the luminosity of the QSO galaxy. This ranges from zero %gtmore
than one magnitude in the objects we have resolved. In our sample of 33
objects there 1is a correlation, with slope 1, between the X-ray
luiminosity and the recd band luminosity in the QSO rest frane.
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DISCUSSION ON THE PAPER BY UNWIN (p. 105)

JAUNCEY : How sure are you that, within a given source, the components
have significantly different velocities ?

UNWIN : In 3C 273 we measure the saime speed to within the errors for
two components ( C3 and C4 ). The new expansion in 3C 279 is at 1/3 the
rate found in 1971, but the motions are not seen in the source
simultaneously.

WALKER : Components with velocities that are different by a factor of
two are seen in 3C 120. These components were seen at different times.
Components seen at the same time may have similar velocities. These
results are presented in another paper.

REES : There is a class of mocdels, invoking induced scattering in a
foreground medium, which can génerate apparent superluminal motions even
in the absence of bulk motion, provided that the brightness temperature
is such that kT is less than m ¢ . Your peak contour levels are well
above this at 5 GHz, but may be ngt at 10 GHz. Could the case for
superluminal effects be proven_on the basis only of observations where
the contour levels are below m ¢ ? If the answer is " yes ', then the
class of models based on inducgd scattering can be discarded.

URKWIN : In both 3C 273 and 3C 345, all the superlunminal motion_ is
neasured relative to the 'core' whose brightness is well above n ¢ at
both 5 and 10 GHz; however the moving components in 3C 273 have 18 Gliz
brrightness 1less than mec . Such models cannot therefore be eliminated

at piresent.

DISCUSSION ON THE PAPER BY MOORE (p. 109)

KELLERMANN : Could your observations be explained if the relativistic
ejection occurred from an engine which itself was in moiion around some
other body? This would allow you to have rectilinear motion with
apparently different rigin, but, since the same engine is involved,
there is no problem in explaining the equality of the fluxes.

MOORE : Both components nust be stirongly boosted. Therefore the
ejection angle for the core and the wesiern component would still have
to be nearly the sarie, even though cjection occurred at diffecent points
in the two engine's molion. Alsc the core is always present and coes
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not move relative to NRAO 512 (Bartel et al., this Conference), so it
seems likely that the core engine is stationary.

ALLER : Could another source component have appeared between your first
two epochs at 1 cm? The cm flux curves indicate the possibility of a
new component appearing in late 1981.

MOORE : The trajectory has been sampled fairly frequently at 1.3 cm and
2.8 cm and it is very continuous. It is unlikely that what we observe
is due to another component. There could be a new component which is
still unresolved in the core.

ALLAN : As you have position differences between 1.3 and 2.8 cm
observations, you must be very careful of optical depth effects in
interpreting the observations. Taking optical depth effects into
account, can you make a model with simple linear motion?

MOORE : Optical depth effects (in either component) may well account
for the slight difference in radial separation observed at 1.3 cm and
2.8 cn. liowever, I doubt these effects alone could explain the
non-radial motion or acceleration.

MARCAIDE : I'm surprised to note that the ratio of strengths between
the core and the outgoing component does not change monotonically in
time. Could you comment on that 7

KCOORE : #irst, I would say that the second epoch map may have a 180
degree reversal as it was made with a different processor and software
than the first and third epoch maps. While this would not affect our
results of non-radial motion or acceleration, the change in the flux
ratio would than be monotonic. Second, the absolute calibration of 1.3
cni maps is not yet completed, so it is unclear how the flux of each
comiponent, has changed. Untill these questions are addressed, a definite
answer is premature. It may be necessary to invoke intrinsic
variability of the components.

BEGELMAN : Could you explain the variation of component strength, as
well as the trajectory, in terms of a precession model ? The apparently
moving material might not in fact be the same gas, but rather material
that happens to be brightest at any given time. The picture I have in
mind is that of a lawn sprinkler which swings into and then across our
field of view. Coupled witlh relativistic effects, this could involve
large change in both position angle and borightness of the apparently
noving coiponent.
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MOORE : A precession model in which the western component 1is discrete
ana cjected linearly from the core can be ruled out by the non radial
motion. However, the model you suggest is feasible ( as long as there
is relativistic motion ). It depends on the dynamic range of the maps
and the time scale for decay of previously emitting regions. Our
dynamic range is good (about 40 to 1) and the data are well fitted by
only two components, so the decay time scale would have to be short.

DISCUSSION ON THE PAPER BY BARTEL (p. 113)

JOHNSTON : Could the 200 micro-arcsec scatter in your observations be
due to self absorption effects in the core source? That is, the
position of the core source in 3C 345 is not stable to 200 micro-arcsec
with time.

BARTEL : Yes, that is a possibility.

ALLER : The epoch of the 1980 position measurement is coincident with
the large outburst alt cm wavelengths. The source had a substantial
opaque region at 3.6 cm at that time, so that the 'peak" in the
intensity may appear down the jet where the optical depth is about 1.

This is the same point that Johnston brought up.

MARCAIDE : Can you tell what your chi square per degree of freedom is
and, if not unity, can you comment on the reason ?

BARTEL : If we consider the observed fringe phases to be independent
samples with the statistical standard errors calculated from the
signal-to-noise ratio only, chi square per degree of freedom is
definitely not unity. The reason is the effect of systematic errors
which dominate fringe phase uncertainties. We used the root-mean-square
of residuals to estimate the errors of our observed fringe phases, so
that the final chi square per degree of freedom of the phase differences
is unity. The statistical standard ecrrors we quote come from this
least-square analysis. They do not take account of possible correlation
in the errors of the observables.

VAN DER LAAN : Is NRAO 512 completely quiescent? If it is flux

variable, indicative of changes in opacity structure, its centroid may
riove about at your remarkable levels of accuracy.
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BAKTEL : NRAO 512 has an inverted anc Lime variaole spectrun between
2.5 and 8.3 GHz, so that changes of the position of the brightness
center, caused by changes in the opacity, are conceivable. However, the
source structure at 10 Gilz appears to be nearly pointlike (FWHM less
than 0.7 aas) at contour levels greater than % of the peak. Hence it
is questionable whether the peak moves around by as much as 200 micro
arcsec.

GORENSTEIN : Regarding the 200 microarcsec error in the difference of
positions, do you anticipate that you will be able to account for this
error with systematic effectls? Do you have any indications now that the
206 micro arcsec "jitter" between epochs might represent true center of
brightness changes as suggested by opacity effects?

BARTEL : Neglected effects, such as errors in the earlh orientation or
uniodeled changes in the atmospheric delay, may account for position
errors substantially larger than the quoted uncertainty of , e.g., 20
micro-arcsec for the July 1880 epoch. However, the position at this
epoch is offset by about 200 micro-arcsec fiom the wean, perhaps a bit
too nuch to be caused by neglected effects only. Changes in position of
the center of brighlness iay well have taken place.

WILKINSON : Can you confirii that 2-frequency observations were crucial

to get the accuracy which you have reported ? In other words what would
have been the accuracy if you had only observed at 3.6 cm?

BARTEL : If we had only observed at 3.6 cm, the relative deduced
position in right ascension of 3C 345 would have changed by about 75
micro-arcsec in July 1980, about 140 micro-arcsec in march 1581 and
about. 200 micro-arcsec in june 1981. tHlence our ionospheric-free
positions, obtained from dual frequency observations in the 1980's, are
more accurate than those obtained from single-frequency observations
alone, like those at 3.8 cm in the 1870's.

DISCUSSION ON THE PAPER BY MUTEL (p. 117)

DE BRUYN : Do you believe in the reality of the features to the north
of Lthe peax ?

NUTEL @ Yes. Il appeass that the componenl " A ", in fact, has Dbeen
expancing preferentially along the 10 degree p.a. channel, with no
evidence for expansion orthogonal to the channel. The one-dimnensional
cuts, however, show enission to the north of component " A " at all four
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epochs, so there appears to be long-lived emission in Llhe channel

unrelated to components " A " or " B ",

DISCUSSION ON THE PAPER BY ALLER (p. 119)

MUXLOW : A comment on the identification of the core within the VLBI
structure. There is a suggestion of a weak component of few mJy at 1.67
GHz, about 0.4" to the south, derived from Merlin calibration data.

DISCUSSION ON THE PAPER BY WALKER (p. 121)

ALLER : Historically there have been a range of position angles given
for the VLBI structures. What are the best current estimates of the
range in position angles of the different events?

WALKER : One of the earliest observations gave a rather different
position angle (about 60 dcegrees as I recall) than all subsequent
observations and may have been wrong. The current observations give
position angles between about - 100 and - 110 degrees. Any fluciuations
could be a result of measurement uncertainties for this low declination
source. The structure from about 10 to 200 mas repocrted by Benson in
the next paper clearly has a different position angle (- 92 degrees).

SCHEUER : Is there evidence for different apparent velocities al
different times but at given position in a source ?

WALKER : The various moving coniponents in 3C 120 have been followed
through similar distances froi the core although the faster, more recent
components, were only seen at one or two points in the common distance
range. The velocities of the faster camponents appear to be constant
over their full range, but the constraints are not strong within the
region over which the slower features were observed.

UNWIN : The early data on 3C 279 gave a much higher rate than more
recent data on a different component at the same distance. The data on
this source is not extensive at this time.

JAUNCEY : The 3C 120 expansion plot that you showed secus to me, as a

skeplic, to be totally consistent with a constant expansion velocitly
fitting all events.
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WAL The rates of the 1972.% - 1074.5 component are about 1.51 1
C.12 mas/year. Forr lhe nore cecent components we found the following
rates. fFeature A @ 2.57 & 0.0Y nmas/year; feature B 2.34 + 0.2
mas/yeac; feature C : 1.65 + 0.4 nas/year. The rates of features B

and C will ve refined by futuce observations. Some of these rates would

have to be in error by « lew sigsa for them to be the same.

ALLAIL : Do you see any evidence in your maps foc components running

into each other?

WALXER : There is no clear evidence yet for features running into
r

ISCUSSICK ON Tii PAPER BY BENSOH (p. 125)

[}

ecach

SCHILLIZZT : On the movel proposed by de Bruyn and L for the relation of

the swall anu  large scale structuce in the superluminal sources,

the

wiggles i the 200 mas jet in 3C 120 should e regarded as a nutation on

the nutaition on the long-term precession!

BRIDLE : It is encouraging to sec¢ a radio "jet" that is very long

and

very thin, with positive evidence for something moving along it at its

i

base. il is meaningful to call a thing like this a " jel *. The
has been applied nuch to loosely in other papers here and in the

lTiterature to denote 'barely resolved structure'.

DISCUSSION ON THE PAPER BY BAATH (p. 127)

SAUNDERS : 1 note you say Cambridge was used as a VLBI station.

term
VLBT

T
4

thought we were supposed to be too elitist to do VLBI ! Perhaps it was

before my time.

BAATH : Yes, we did use Cambridge in 1978 and did found fringes
though the coherence time was short.

even

ECKART : Do you see any motion in Mk421 and 1749+70? Do lhe secondary

components of these sources become sironger when the '"core" does so

BAATH : It looks like a radio component was squeezed out Llhrough
jet in Mk42l. The superluminal limit at the red-snhift of Mk 421
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0.02) is 1 mas/year, so the wotion is only weakly supecluminal i any.
Theire is no evidence for motion in 1749+701. The peak oulside the core
actually moved inwara but this is probably due to the birtn of a new
component. closer to the core. Both sources showec similar behavious in
that the core brightened between the first and the second epoch and than
stayea Dbright cuiring the third. During this time secondary components
appeared ana moved through tie jet of Wik 421 and <liec oul in 17484701,
Whal we observe in 1746+701 fits very well with the flux density
monitoring made by Gelcdzahler et al. at NRL.

DISCUSSION ON THE PAPER BY MUXLOW (p. 141)

HUTCHINGS : Our work (Gower et al. 1982; of mocelling sou.ces like
these suggests that there is a class of one-sided jeis which cannot be
fit with a simple precession model, but all of which can be fit with one
in which the core angle increases witn tine.

BURKE : Instead of using arbitracy paramete-~s, why no! use pnysics like
the allowed solid-body motion? liave you tiried nutation as well as
precession?

MUXLOW : I have not as yet tried nutation in addition lo pirecession.
This may account for the structure. There is likely lo be & great deal
of uncertainty, however, in the 1iype of solid-body which may be
involved.

BRIDLE : I have a general comment on precessing-jet mnodels 1in which
the cone angle is allowed to vary. These open up o huge paramcter space
in which a very wiae range of structures may be matched with very little
uniqueness. To make these "fils" convincing one should have eitner riore
cycles of the structure on one side of the core, or evidence of the
shape of the structure on +the other side - to show the expected S
symmetry. I doubt very much that the present "fits" force us Lo believe
in opening cone angles, as Hutchings suggested.

MUXLOW : I agree. Some form of additional complexity is required over
and above simple precession in order to account for the jet in 3C418.
What form this takes is open to question. I can, however, say that in
the absence of other complications I do not think that it takes the form
of a variable jet speed. I have found that allowing the jet to slow
within 1 arcsec of the core degrades the quality of fit. Beyond 1

arcsec from the core some improvement results. With just 2 cycles of
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precession visible and no counterjet we are clearly not forced to
believe in opening cone angles. This has however been postulated in
other radio sources and seems the most reasonable suggestion at this

time.

VAN BREUGEL : Is 3C418 variable? If so, this might provide constraints
on the precession cone--angle.

MUXLOW : The core has a flat spectrum and 1is probably variable.
Unfortunately, very little is known about the nature of this variability
since the source lies at low galactic latitude and has thus escaped the
attention of many workers.

BARTHEL : You nentioned a pressure gradient in order to get a gooa [fit
for your precessing jet with constant cone angle. From high-resolution
VLA observations Barthel, liley and Schilizzi (in prep.) argue thal such
pressures may be present in high-redshift quasars (z >1.5). I note with
interest that 3C418 is at high redshift.

DISCUSSION ON THE PAPER BY REID (p. 145)

GORENSTEIN : Do you have a limit to flux density of counter-jet?
REID : In both epoch maps any counter jet must be weaker than 0.02 of
the oeak intensity and less than about 0.05 of the intensity

approximately 15 mas down the jet.

LKEFF ¢ Is thecre evidence for wiggles in the VLBI jet of M87, and if so
are they in agreement with the optical wiggles repoirted by Nieto?

REID : The second epoch map has less pronounced wiggles than the first
epoch. Higher spatial resolution may be required to conclusively
establish the wiggles. Even 1if +the wiggles in the VLBI jet are
established, they would be quite diffecrent from those seen optically
with less than 1/10Gth of the angular resolution.

DISCUSSION ON THE PAPER BY WIETO (p. 147)

VAIL BREUGEL : Is there a diffecence in  the radio-optical spectral

incices of tne knots and inter-iniol regions?
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NIETO : No real accurate quantitative work has been done on the
electronographic material, nor on the photographic ones (Nieto and
Lelievre, 1982). Therefore it is difficult to say. But at first no
major difference appears between the last VLA map (Biretta et al. 1983)
and the restored photographic images at a 0.2" scale (Lorse and Nieto,
1983), which suggests a rather constant radio-optical spectral index for
the knots throughout. The index of the inter-knot regions require an
even more careful quantitative study since they are quite faint. In all
cases the comparison is not easy because the radio and the optical data
have different resolutions and different signal to noise ratios.

DISCUSSION ON THE PAPER BY PERLEY (p. 153)

REES : 1If the bends in the outer parts of the jet and counter-jet of
NGC 6251 were due to ‘environmental" effects rather than ballistic
motions, then the absence of a 4 to 1 asymmetiy in scale would surely
not be evidence against relativistic jet speeds.

PERLEY : My comment refers to jets in which identical knots or blobs
can be identified as having been ejected at the same time and which move
ballistically, or through identical media. If bends are due to
environmental effects, the analysis will not apply.

DISCUSSION ON THE PAPER BY DE BRUYN (p. 185)

BRIDLE : Is it fair to compare source sizes from maps having very high
dynamical range with source sizes from maps having much lower dynamical
range? Perhaps, if the comparison sources were also mapped at very high
dynamic range you. could find faint outer extensions to them as well
(this may be particulacly the case if the extended siructures are
edge—-darkened, i.e. Fanaroff/Riley class 1).

DE BRUYN : The comparison of largest angular sizes of superluiinal
sources and the otheir 3CK souices can be used to infer information about
their relative intrinsic sizes and "precession" angles only within the
context of Doppler boosted kinematic models (see Schilizzi ancd de Bruyn,
1983). If the cores in the superluminal sources are intrinsically  weak
cores, the dynamic range in our naps coes not really differ from that in
the maps of other presumavly unboosted 3CEH sources I the cores are
unboosted, the superluminal sources are very Ciffecent type of sources
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and tne compacison is not meaningful.

SAUNDERS : Your deprojected superluminal sizes are so large that such
giant sources, if they exist, may have been missed in surveys because
a) low luminosity giants have very low brightnesses and may anyway be
resolved out; b) high luminosity giants would have their tails removed
by synchrotron and inverse Compton losses, so that one would have to
guess that two widely separeted hot-spots were a single source. The
requirement for precession is than not that the deprojected sizes of
your sources would otherwise be too large, but that so far you have not
seen any superluminals with deprojected sizes of about 100 Xpc, the size
that countless cdoubles have.

DE BRUYN : The deprojected angular sizes of most of the sources
(excluding 3C 120) are not so large that such sources would have been
missed or failed to be identified. Also the largest angular sizes that
we lneasure 1in our and other maps of the superluminal sources really do
refer to fairly sharp edges in the sources, suggesting that loss
mechanisms have had little effect on the sizes of these sources.

MILLER : If the '"precession" modification to the wunified scheme is
correct, then we expect a large fraction of the steep-spectrum extended
doubles to show similar precession (typically over 30 degrees). Yet in
those sources the VLBI jets are well aligned with the outer lobes and
hot-spots. Are there saiiples large enough to provide a definite
statemenl of this inconsistency ?

DE BRUYN : I think the superluminal souirce sample is large enough to
make our result a significant one. One has to bear in mind, however,
that the superluminal sources have intrinsically relatively faint lobe
emission. So when compaiing with steep spectrum doubles one should
select doubles of the same absolute lobe power. I am not sure whether
such a comparison can already be nade.

DISCUSSION ON THE PAPER BY PADRIELLI (p. 169)

READHEAD : The observations of symmetric sources aire very interesting
because they suggest that the basic jet is intrinsecally two-sided. Can
you be confident that the strongest component is the core and not a knot

embedded in a core-sided jet in which the core is invisible ?

PADRIELLI : The definition of core is not easy without high frequency
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VLBI observations, because it could be self-absorbed at 18 cm. lowever
in the case of 0859-14 we are quite confident that the 1two elongated
features in north and south direction cocrespond to a syusmetric
slructure aboul the core. This is also confirmed by the VLA arcsec

structure.

DISCUSSION UN THE PAPER BY DENLISON (p. 177)
JAUNCLY : Is there any sign of opacily effects below 300 Niiz ?

DENNISOK :  That is a vecry important question, to which we do not have
an answer at the moment. I suspect that at frequencies soiiewhat below
300 IHz, dominance by iiore extended components will dilute the effect.
However, accurate flux measurements and monitoring at these freguencies
are urgently needed to understand what is going on.

ANANTHAKRISHNAN : At Ooty we have observed a sample of %0 LFV sources
at 327 Wz for compact components by interplanctary scintillalion. Ve
find: i) all the low freqguency variable sources in our sainple conlain
components smaller than 300 nas; 1i) 80 % of compact components have
sizes smaller than 30 mas; 1ii) for 22 of the sources in ii) for which
VLBI neasurements al 18 cu or high frequerncies exist, the VLBI flux is
less than the scintillating flux by about a factor two. Therefore it
scems to me that only the compact scintillating flux could be involved
in the variability phenonenon and their spectra ace likely to Dbe Gquite
flat.

DERNISOKN :  Thal is consistent with our observations and, as 1 pointed
out in reterence to Juuncey's question, at quite low frequencies (below
300 iMHz) the wominunt components are likely to bDe wore extended and
therefore less variable. Indeeu, there is possible evidence inat Lhe
variations are weaxer at 31 liilz when compared with the 450 and 606 ibz.

DISCUSSION ON THE PAPER BY LEGG (p. 183)

JOHNSTON : BL Lac had a large outburst in the early 1970's. Could the
decay differences in the outbursts between the 1960's and 1970's be due
to multiple bursts during the lacge outburst in  the early seventlies
versus single bursts for Lhe 1960's ?
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LEGG : No. I thirk it is clear that there is a genuine difference in
the decay rates of individual events after february 187C. Decay rales
after this date are consistently a factor of two smaller than decay
rates before.

DISCUSSICON ON TilE PAPER BY- MILLER {(p. 18Y;

BURKE : There is a strong evidence on other grounds against Lhe
gravitational lens mocel. Roberts, Turner, Gott and I examined 25 high
luminosity quasars with the VLA and the data imply that lensing is not a
frequently occuriring phenomenon

MILLER : I agree. However many of the argumenis against gravitational
lensing are of a statistical nalure, whereas these compucisons place
constraints on the physical parametlers which would be requireu for these
sources.

KONIGL : Could you comment on the correlation displayed specifically by
the OVVs and BL Lac objects ? Do they differ from the general compact
sources that you considered ?

MILLER : I have not included BL Lac type objects, as many do not have
measured red-shifts, and presumably they would not lie on the
correlation of fig. 1, as they are X-ray bright but have only weak o
absent emission-lines. Consequently there is no limit on the amount of
beamed X-ray emission. tiowever, I do not believe that they necessarily
form a completely separaled class, as the cor.celations belween X-ray,

optical, and radio continua are the same as for the compact quasars. I
)

have not been able to investigate the OVV's, as there are few objects
with measured ll-beta, radio, and X-ray luminosities.

SETTI : In case of BL Lac's, how did you take into account both of the
optical and X-ray variability ?

MILLER : ror the known variable sources I have either taken the radio
flux density measured at the closest time to the X-ray observations , or
else the mean of ilhe observed extremes. It is not too impoctant in this
case, since the co:relation extends over a wide irange in luminosity.

PRESTON : Luminosity - luminosity plots of data from flux-limited

samples can produce apparent correlations due to selection effects.
Would you comment on sucn selection effects in your analysis?
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SILLBiv @ The selection effect arises in dala containing o nwen  wider
range of luinnosities than the flux cens:ties. The effect is to spread
Lhe data along « line of slope unity. Thece are wic nelhods of ensuring

thal this selection effect is not significant. The fi.st is to check
that there is also a correlation between flux densities. The second
method is to obsecrve all the sources in the sample with no a priori
bias, and Lo include, as worst case, any non  uetections. Both
approaches  snow  Lhatl hese orirelations reflect inurinsic physical

c
associations between the variables.

SAUNDERS : The correlation between X-ray luminosity and (clearly
unbeamed) H-bzta is tight, but is there in fact any other evidence that

-~

the X-,ay emission is unbeamed

MILL&R @ It woulw always be harc Lo prove that there is notl a component
of Dbeaned X-ray emission. However, fig. 1 shows that the total X-ray
emission could not be enhanced due to any beamed component by mor than
a factor about 3. This would pe consistent with previous findings that
radic-loud quasars ace, on average, aboul a factor 3 brighter in X-rays
than radio—-quietl QSO's.

DISCUS3I0l ON THE PAPER BY SAUNDERS (p. 193)

REES : Could there be so much dust in Cygnus A that even the near
irfifra-red, e.g. Paschen-alfa, does not get out in the plane ?

SAUNDERS :  The required extintion is about 50 magnitudes in the visual.
The extintion has to occour inside the NL region because we see narrow
Balmer lines (thus the well known dust lane in Cygnus is irrelevant).
Putting the required amount of dust in the broad lines region and
assuming a galaclic gas to dust ratio, would completely wipe out the
nuclear X-ray emission that is observed from NL radio galaxies. A
different argument is that sources with small Pnucl/Ptot and faint broad
lines, e.g. 3C381, have Eb-v 1less than 1 magnitude; if there is
continuity of properties between NL and BL radio galaxies, it is hard to
see how Cygnus, with Pnucl/Ptot only a little less than that of 3C381,
could have so much more extintion.

Panagia : Your test on the broad Paschen-alfa line is based on a single

object observalion. Are you planning to extend your observational
sample to make your conclusion more general ?
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7

AUKNDERS ¢ Yes. But  for this purpose, Cygnus A is a perfectly

U

T

representative L radio galaxy anc there is no reason to ihink other NL
radio galuxics would give a cifferen’ result: Cygnus A will always give
the clearest result because of its hign radio and narrow lines fluxes.[t
seens cleas that we cannot account for *the known nuclea:s propecties of

classical double racio galaxies with a relaitivistic beaming model.

-3
O
&

~

STON ON THE PAPER BY ALLAKN (p.

r
v
G
<
)

HUTCHINGS @ Do the statistics of observed bends tell you anything about
the frequency of relativistic and non :relaistic cases ?

ALLAL ¢ The frequency of the two cases can indeed be derived o the

observations, and I aim cwoing that at present.

ROMHZY : Wouat ure the effects of change in velocity or brightness at

-

the bend 7

ALLAn @ If you velieve that you know the change in intrinsic velocity
or  brightness at the bend, than this will simply alter the value of the

dynamic range paraneier D.

DISCUSSTION ON THL PAPER BY SCHEUEZR (p. 197)

ROBERTS :  Would you coiie to conment on the gravitational lens mocel for
super~iuminal  rmotion, since you did'nt get a chance to say anything
about it 7

SCHEUER -: Hagnification by gravitational lenses will occour from time
to time, particularly for sources at large red-shifts, but I coubt
whether there will be enough to affect any statistical test

significantly.

BZGELHAN :  Another problem with the tapered cone moael is that if there
are any inhomogenieties or tlime dependence at all, then unless ihe
emissivity drops off very rapidly with angle from the jel axis ( with an
angular scale length less than 1/ X’), Jou are likely to see the conmpact
Jet pointing in the opposite direction from that of the large scale jet
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WEILER : As you mentioned, your "fringing beam'" or '"computer controled
Christmas tree" has similarities (o Sanders or Bachall and Milgrom
models, except that yours is one sided. Their model predicted, among
other things, high degree of circular polarization of opposite signs
with net cancellation when the relevant parts of the source are
unresolved in normal polarization observations. Would not your single
sided jet then produce niuch higher degrees of circular polarization than
are observed because it lacks the cancellation?

SCHEUER : The Bachall and Milgrom model contained a very specific radio
emission mechanism, of electrons going out along magnetic field lines at
small pitch angles, and that produces the large polarization. I do not
postulate @ny particular emission mechanism, but would prefer to think
of diverging streams of plasma emitting ordinary incoherent synchrotron

radiation.

PREUSS : How crucial really will be the (desired) proper statistics of
super-luminal motion for the survival of the relatlivistic beam model?
Suppose a considerable number of nuclei in extended radio sources should
turn on to be ‘superluminal', would this mean the end of the
relativistic beam model ?

SCHEUER : Nearly all of the superluminal sources are the nuclei of
extended radio sources and of course that does not mean the end of the
relativistic beaming model, even in iis sinmplest forn. To reject hat
nodel Dby statistics one must neasure a  sample wnicn is free trom
orientation blas, and that requires a lot of care.

ALLAKN : You rule out the tapered cone model on the basis of the fat
emission predicted. Have you calculated the predicted emission on your

"computer controlled Christmas tiee" model ?

SCHEUER : In the tapered cone mcdel we observe emission from material
that. has always ravelle¢ at an angle of about 1/X to the line of
sight. In the ‘"computer controlled Christmas tree" the emitting

material has travelled most of the way at angles much larger than /x5
to the line of sight., X can be arbitrarily large and the obsecrved jet

can be arbitrarily narrow.

DIBCUSY 1 ON CN THE PAPLR BY hEES (p.  207)

BEGELUAN @ You have some secicus obsecvational constraints i you wish
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to pul a screen with substantial Thomson optical depth at about 10E20
cm. In order to polarize the lines without washing them out, the
temperature of this gas must be considerably less than 10E7 K. However
you would then have problems with soft X-ray absorption, so you have to
be very careful with your geometry.

REES : I agree that there are constraints both on the electron
temperature and on the geometry (free-free absorption in the radio sets
another constraint).

DE BRUYN : Does induced Thomson scattering cdestcoy intrinsic
synchrotron polarization of VLBI jets ? We do find radio polarization
in the compact cores.

REES : Generally not. You would need a Thomson depth exceeding unity
to destroy high polarization. This probably cannot occur on the VLBI
scale, but could be important on the smaller scale of the optical
continuum {especially if there is an opaque '" false photosphere " of e+
e— pairs, as Guilbert, Fabian and I have recently discussed).

VAN Do LAAN @ Bartnhel yesterday reported results of the first round
in a "crucial esperiment' : large double radio galaxies with VLBI jets

which were found not to exhibit superluminal motion. What 1is requiread
is theoretical attempts to make relativistic beams produce sheaths of
slow bulk motion and high syncarotron emissivity. Such ‘"stationary
jets” woulc look like bona-tide jets when opague, but might be limb

vrigntened when transparent. Wwould you comment please ?

RELS : A relativistic jet has less inertia, for a given energy flux,
than « slow one. It is therefore more vulnerable to entrainment and to
soime Xind of instability. It is my impression that it would be all to

easy to Cdissipate enecgy in a sheath as the Jjet plough into the
enission-line region. The surprising thing is that it 1is noi stopped

completely.

ALLAN : Do you think that VLBI polarization measurements &t different

o

frequencies can in principle rule out the electron-positron model 7

REES : A .pure e+ e- plasma cbviously gives no net ~rfaraday rotation.
Tndeec it was to account for the lack of Faraday depolarization (which
would occur if mildly relativistic or sub-rela*ivistic parctlicles were
present in number exceeding those of the high-gamma radiating pacticles)
itnat Joaes anc C'Dell several years ago invoked an e+ e— plasma. On the
othe: hana, it would be hard to Tind convincing an unambiguous evidence
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for Ffaraday rotation (i.e. against an e+ e- plasma), Dbecause any
apparent wavelength-dependence of the polarization vector could be due
to unresolved substructures and spectral index variations within the

source.

ULRICH : There are ojects, like 3C3%0.3, where the 1lines and the
continuum are similarly polarized, but there are other objects such as
NGC4151, where the continuum is polarized, but the broad emission lines
do not have the same angle and percentage of polarization.

REES : I agree that electron scattering is only one possible cause of
linear polarization (and perhaps not the most likely one in most cases).
However it is certainly possible to have optical depth of about 0.1 due
to electron scattering by hot gas in the BL emitting region (though
there would be excessively broad wings to the lines if the gas were too
not). The gas would then produce some optical polarization. Also, as I
mentioned, the effect of induced scattering would then complicate the
interpretation of variable components with KT » 10E1l K.

DEKNNISON : Regarding the effects of Compton drag on an
electron-positron plasma, what happens in the case in which the
radiation field is highly anisotropic and, in particular, directed
radially outwards?

REES @ A test particle is accelerated by the Compton effect, provided
that the radiation flux comes predominantly from behind when transformed
to the particle rest frame. The reason the acceleration cannot achieve
high ¥ s is that the aberration and Doppler effects tend to reduce the
flux of radiation coming from behind, and to enhance the drag effect of
photons coming froii transverse or forward direction.

DISCUSSION ON THE PAPER BY B1AWNDFORD (p. 215)

SCHEUER : 1In your introductory remark you mentioned the claim that
radio emission is just the smoke and therefore radio astronomers cannot
tell us basic truths about quasars. If one goes one step deeper and
works out the power flowing through VLBI jets, using the classical
winimum energy formula for synchrotron radiation, one finds powers
similar to the X-ray and optical luminosities.

B1ANDFORD : Of course, I agree. In fact, in the most powerful radio
galaxies the jet power dominates the other luminosities. Nevertheless
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in the majorily of active galactic nuclei radio jets picobably carcy no
more  than a swall fraction of tie Lotal power ana are thevefore
reguacrded as secondacy phnenorena by optical and X-ray asirononers. biy
main point was just Lne Uliruism that in our attenpts to comprehend the
innermost workings of a guaesar, we should all use the evidence from the
complete electroniugnetic spectrum  and not  fall prey to " spectral
cnauvinism .

JAUNCEY : It is important to see now the observed low frequency
variability and the large XS implied, fit into these mocels. Do you

~

have any suggestion ?

B1AKNDFORD : Lorentz factors Xs of about 1C are recessairy Lo avoid
catastrophic inverse Compton losses if, as is typically the case, the
variability brightness temperature is about 10215 . This is comparable
with those suggestec by observations of apparent superluminal
expansions. There is a further point. vhen devising a model to explain
low frequency variability, you musi be carefull to make it radiatively
efficient. Sone wodels require unreasonably large powers.

RIES : A comment on low freguency variability. The field strength near
a black hole may be 10E2 gauss, implying a cyclotron freqguency in the
Gtiz band. We know that it is easlier to get coherence for cyclotron than
from synchrotiron radiation, so conceivably detectable flux of radio
emnission coula emerge firoi radii smaller than 10815 cw, permitting very
rapld variability. The main problen is , of coucse, how this radiation
could survive synchrotron absorption and induced scattecing furthec out
from the nucleus. An evacuated channel would certainly ve required .

BLANDFORD @ I cestainly agree. The Sun  and Jupiter assure us  ‘Lthat
there are many alternative mechanisms to synchrotceon radiation for

producing radio outbursts.

DISCUSSION ON THE PAPER BY BEGELMAN (p. 227)

ALLAN : Do you think that we get anywhere neac the high densilies and
temperatures relevant to your nuclear limil in real objects ?

BEGELMAN @ The eoxistence of nucleac-limited tooi depends on the
matecial  in the center of ‘the torus having a very small viscosity,
e

coriesponding to A values in the range of 102-1C to 1CE-6 for a 1UES e

hole and the stancacd A parasetrization. Tt is an open question

https://doi.org/10.1017/5S007418090007858X Published online by Cambridge University Press


https://doi.org/10.1017/S007418090007858X

448 DISCUSSION

whether A can be tlhis small although the Sun appears 1.0 be
characterised by a very small ol . A second requireinen: for a long lived
stady-state is that mass ve supplied to the torus at a sufficiently high
rate. If material is poured into the lorus witnout being drained away,
then the pressure and density in the center should approach the nucleuar
limit.

HUTCHINGS : Can you make any predictions on the regions of the /i
plane where you expect your mechanism to be observably cifferent ? Do
you have any BL region predictions 7

BEGELMAN : My hypothesis is that the BL clouas will forim only when I is
large compared with the Eddington wvalue, &and the viscosity is
sufficiently small. If BL clouds or filaments are produced by a to:rus
which 1is up against both the photospheric and nuclear burning limits,
then the model "predicts" that they should always be observed at a
density of about 10£10 cm‘u, with an ionization parameter = = 1¢ - 20
and full width of velocity dispersion of 8000xi_ Km/sec. At this stage
I would not like to predict detailed line profiles, but it appears that
the model may be able to explain the systematic line shifts ( relative
to the HNL, and between low- and high-ionizaiion lines ) claimed by
Gaskell (1982, Ap.J.,263,79). The mocdel predicts a 'grey bocCy' spectrum
with a colour temperature of about (1 - 3) 10EE X, consistent with
Malkan and Sargent's spectral decomposition (1932, Ap.J., 254, 22).
However, to explain the observed line ratios, it is probabl; necessary
to involve an additional hard (non-thecrmal) component of the continuumn.
Such continuum may come from magnetically c¢riven flares on the surface
of the torus.

DISCUSSION ON THE PAPER BY BIRKINSHAW (p. 229)

BEGELMAKN : Provided that jets are indeed highly supersonic, { am not
convinced that one should be too concernga about the jet braking up when
one of your instabilities becomes non linear. Supersonic flow iust
dissipate energy if it 1is forced to follow too curved a tirajectory.
This dissipation may prevent the instabilities from growing beyond tie
marginally non linear phase, without being so severe that it slows down
the jet in a short distance.

BIRKINSHAW : Naturally, this calculation cannol consider la.ge momentun

losses by the beam. Rather the results describe the length-scale for
production of a significant sheath. ne effect of Kelvin - FHeluwoltz
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Snstaoilitees on the shoeaih 1s ancther stosy.

-~

Acl @ bhoucnt'l Jou ve  avle Lo fix o lowes Linit Lo unstable

wovelengths introducing  gradients icross yous cylinarical Lean 7

is in fact the resull of previous lincar analysis 1o growlh raies.

DLRG AW Ui pslansible owes liants bthie geowtnh length of  the

instavility at low n 1s about IGG R in Lhe equal density case.

N
(@)
(&N

R LR A T U A e T R Tt ce AT
DISCUSSION Gir TUE PAPLE EY FERHARIT (p.
1

ALLAIC ¢ What Ls the maximuw velocity in yous wing solution 7

FERRARI @ The aszuplolic velocity in the wind model cdepends essentially

J

o two o factors the temperaturs  at the basis of the flow and the
momenLun deposi tion along the  Tlow. The highest  ace obtained when

somentun deposition  lasls very long and basis lenpersture s high.,  7f
i & R &
on2 uses L » Ledd, collimotion fuctors £>0.8 wund T2102Y o, asynptotic

-~

velocivies can  appiroact:  the  velocity of  light. OLviously ihese
assumptions aust Lnen be justif{ied in terms of the disk wodel, but  for
lacge obsorption of  radiation, as  in Begeliman's wodel, Lhey are

peirfectavly reasonavle.

DisCUB5IUH UN THE PAPER 8Y SALVATI (p. <39
COHEN @ ilow do you explain the contruaction seen in 4C3%.257?

SALVATI : Contiractions are a typical signature of phase effects.
Should this finding Dbe confirmed in a number of cases, phase nodels
would become much more attractive.

ALLER : Can you account for the Doppler boosting apparently required to
account. for the high intensity derived for low frequency variability, oc
for the broad frequency spectra (radio to X-ray)?

SALVATI : FRelativistic bulk motion and Dopple:r boostling can be added to
this geometry. lowever, the feature which you allude to depend partly
on light-travel-time effecls; 1i.e., a rapidly propagating wave in a
slowly moving emitling matecial does at least part of the job.
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GLECUSS LGiv U4 THE 2APER BY GUnehSTeil (p.  248)

. We nave obseirvec 0557+501 with  tne VLA at G Cia

ROBERTS
angulaer vesolution of U.3" and dynamic range of’ I Lo 10GU.  we
the small source G is resolved (C.3'xU.12Y) so that it canno! b
the thira quasar  inage. in  addition, it is wifficulii to
structure of ¢ wh2n one includes,a point source of flux ana
cequiread by the intecrpretation of your third Vib:i comnponent
third tiage. We suspect, as you suggested as one possivility
paper in  "Science", that G' is too close to the optical nucle
lens galexy Gl for it to be the third image (it is observed 1o
bright, relative to the lens mmodels of Young et al.,
Greenfield, PH.D. Thesis 1881). The intrinsic radic properiie
G radic source are within a factor of two of tnose of & &7, f

between asicminute and milliarsec.,

DISCUSSTGN ON THZ PAPER BY HARCAIDE (p. 247;

RGBERTS : Could you give the sepacation of the S and X banc b
peaks in the A quasar in milliarcsec?

MARCAID: @ 0.7 + 0.1 mas.

BURLE @ In & forcial way, you can derive an upper linit for the
the foreground quasar. VWhatl do you get froin your present. liiit
liage 7

~ARCAIVE ¢ The prescnt observational limit on the thirc inage
poor  liwmit of 10E14 to 10&lS ke. The apparent lacik of agrav
distortion on B places a lower limit of several 10517 lie as
Dyer and Roeder(1980, Ap.J. 238, L67). I would bring down, p
10E13 He, the above limit using their method, although I am ske
the basic assumption of the method.

PORCAS : Could you tell us what the story is on possible flux
variations in the two quasars ?

MARCAIDE : We co not have evidence of any total flux density
in any of those two qguasars. The structure of A nmay have cha
noveinber 1979 to march 1881, but. without clear associated {lux

change to approxinately 10 % level.
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DISCUSSION ON THE PAPER BY SUBRAMANIAN (p. 24S)

PORCAS : DMoore at Jodrell Bank has also done modelling of the 0957+561
system, including wuse of the same VLBI data. His time delay is much
longer than your estimate of 1 year. How unique are these models ?

SUBRAMANIAN : The time delay that we calculate does come out to Ve
about 1 year for a variety of mocdels, which differ basically in where
one locates the center of the cluster, provided we fit all the observed
constraints. Since I have not seen Moore's calculations it would be
difficult for me to say exaclly why Lhey differ.

GORENSTEIN : Refsdal has shown that the bendind law of the lens
detlermines the time delay and il is unnecessary to decompose the delay
into geomelrical anc potential tecis. If one does decompose the delay
for euach 1Image into these two terms, then the sign of the terms will
usually be opposite anc therefore the contribution will cancell.

SUBRAMANLAN @ L agree thal It wmigint be unnecessary to  split  Lhe  Line
deléj into geometrical and potential terms. lowever our reason for
doing this was te understand exactly why we were getting a time delay of
about 1 year while Young et al. got a time delay of 5 - 6 years. The
reason turned oul to be that lhere was a sign mistake in Young's et al.

"

potential time delay {lhey got & + 2 years cather than 3 - 2 years).

ROBERTS @ Fluctuations in the B quasar which are due to mini-lensing by
stars in the galaxy Gl can be separated from intrinsic veriations in the
object quasac by thelr wavelenglh independence. Vuir sionid toring  of
0857+561 does not show the same kind of variation in A and B as are seen
i the opticel. In  addition, Young showed thal the timescale foco
mini=lensing changes in B is very long (aboui 100 yeurs) at least for

the kind of stars to be considered 1o be [mportant.

SUBRAMANTIAN : I agree that flux variations which are cGue t.o
nini-lensing can be distingushed from those due to intrinsic variation.

However G}

situation is complicated by the fact that mini-lensing need
IE¥a 4

noi alfect the radic ewission and the optical emission in the same way,

decause of Lhe differences in size of the radic and optical  emituing

regions.  Yhus you can have optical variation due to minilensing without

corresponding vaciation in the cacdio. rFinally the time scale for  wini

lensing  changes depends on Lhe uass of Lhe lens. for a star of mass i,
5

f Iy SCx{i/ne) Jears. So  if  low

ine Liie scule for variation is .ou

3
mags slace  wre peesent,  say in Lhe hinle of the galaxy, one can have
Vasiction in Slux overs e scedes of a o few  yeues  {Goti 1881,  Ap.d.
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245, 140).

DISCUSSION ON Tilis PAPER BY CRANE (p. 259)

BARTEL : You associateu the large ciicular conponent in the central
region of N81 with the NL emission region. What are your arguments
against this component being a SNR?

CRANE : Component 4 coincides with the known optical KL emission region
and at least 10% of the observed flux density at © cm is thermal. Also
the suggestion of a shell-like structure is probably an artifact of

fitting a continuous range of structure with two gaussian components.

DISCUSSION ON THE PAPELL BY ANANTHAKRISHNAL (p. 261)

SINON : In 1975, 3Cs84 was observed at 82 cm, S-station VLBI. riodel
filting to this cdata indicates a compact component less than 20 nas
which has a more extended component (about 50 mas) to the north.

ANANTHARRISHNAN @ I think thal is probably what we aire seeing.

DISCUSSION ON THE PAPER BY hiff (p. 265)

BRIDLS @ It was nol obvious to me which fealure in  your ap was  ihe
core  and  winicn was  the "jet". There is a real problen of whethers to
call all trains of knots "jets'. They might be the Dbrightest features
of LloblLy jets (with.fainter connecting emission), or they wight not. I
feel we should be cautlious about applying the jet teruinology too
yuickly, "as it carcies such steong  prejudices about the undeirlying
physics.

NEFE @ I am in complete agreement with this coumment. We hope to
Justify our presumptuousness in higher frequency, higher cesolulion and
higher dynamic range observations. 1 wish to point out that for Seyfert

galaxies the two contending explanations for radio emission are

star-bursts anc 'mini-jets'. Ve feel that this obse,vation suppor*s the

latter hypothesis, and tharefors we refer to it as a je: .
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VEISTROP ¢ Are large I envelopes oobserved in other Seyfert galaxies or

nalaxies with active nuclei?

NESF : Hawarden et al. (A.A. 74, 23C) report large HI densities
envelcpes around early type galaxies, two of which (NGC 1512 and NGC
£621) are not known to be active galuxies. Bergeron et al. (preprint)

1
nave detected a very large envelope around 2251-178, a low z quasar,
which may be the result of an HI envelope interacting with a strong

continuum source.

JAURKCEY : k348, with its rotation axis perpendicular to the plane of
the sky, would perhaps be expected to show super-relativistic motions on
the simple beaming model.

HE : We hope to search for bulk motions with higher resolution
0

O
ovservat.ons. gEven if the motion of material in the jet is 'slow", we
can measure such molion in & reasonable time Dbecause of the galaxy's

Q00X ty .

FARCAIDE : I fina risky to cdeduce the core nature only from its
compactness without specircal information.

NofFf ¢ I agree. We hope to determine the location of the core in this
galaxy ULy combining our (future) 6 cm observations with those reported

here at 21 cn.

DISCUSSTON ON THE PAPEk BY LU (p. 265)

TAYLOR : With your accretion model, don't you have some difficulty in
explaining the constancy over nine years of the flux density of the
conpacl source?

LG : The infall time scale 1is about 10E4 years which refers to
infalling from one parsec to near the center (0.lpc). What happens
close in is not clear. To fall into a black-hole, the matter would have
Lo lose Ils angular momentum and the time scale would depend on detailed
physical conditions close in. The relative constancy of the compact
source may Jjusl reflect the fact that there is not much material near
the vlak hole to be accreted. Presumambly, the matter seen to be
falling now will Le accreted eventually, but over a long time scale.

LUTEL @ Compacea with ost olher galactic radio cores, the Galactic

https://doi.org/10.1017/5S007418090007858X Published online by Cambridge University Press


https://doi.org/10.1017/S007418090007858X

454 DISCUSSION

Cenler source is remarkavly bare (no jels or multiple components;. iiow
wide a fleld of view have you searched for other non-thermal  conponents
which may be associated with this source?

LO : The lower cesolution naps of Sag A by Ekers et al., over at  least
Lu'x10', do not  show mwuch brignl features cxeept Sag A dast and Sag A

wWest.

KELLERMANH ¢ Is an elliptical brightness distribution consistent  with

-

o

interpreting the size ab 3.8 cu as tne rcesult of scatiering?

Lo @ TtL is still possible to do  so; oine  would have to appeal to
elongated structures in the scatiering mecdium. The experts tell me that
Lhere may be evidence for this.

BARCATDE : Jrom the data in the Goldstone-Grecenbank intecferometer  can
you place a new limit to the detection of the very compact component
once detected by felleciiann et al.? In view of your liwit can jou
commen! on the nature o existence of tnat conponent?

~

LO : The upper limit on the G".001 component is less then .01 Jy.

WRIGHT : I'd like +to comment that our galaxy is, of course, an
interacting system. Anu most wovels of the bagellanic Strean imply, as

a by-producth, guite lar amiounts ot gas  falling  dircecily  into  the

Galactic Centre. This way be -oolevant to CGalactic Cenire models.

SCHuLIZZL : Can you bLe suce that the coigpact radlio  source s at  the
dynamical centre of the gulaxy? Could you invent a wodel in which the

colipact source is not al the dynamicel cenlie?

LO I @i veasonably cectuln that the compact  radio  soucce  is  very
close Lo the dynamic center of the Galaxy, il not defining it. The
dynaic center is, of course, not well defined obsarvationaol ly. IrSlo,
the best candidate for the central slu- cluster, is not completely
understoou, and its absolule position is uncertuin by  about 1. A
wentioned in wy talk, the modest radio luminosity of the compact source
¢oes not preclude 1t as a possible stellar object.. Reynolds and licilee
(1980, Astrophys. g, 28%,  §83) suggesteu that it is a pulsar moving
through the center. On  the olher hand, ciccumstential  evidence s
overwehliming that the cospacl  racio source is a unique object in the

Galioy .
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DISCUSSION ON THE PAPZR BY BARTEL {p. 275)

ROBERTS : Could you clarify for me exactly what il is that you measure,
l.e. what geometrical properties of Lhe pulsa~ emission region are
determined? I am thinking of resolution across the emission region

versus resolution along the line of sight.

BARTEL : If the pulse structure 1is due to a teaporal intensity
modulation of the emission emanating from a single region at the pulsar,
then we would not expect any significant differences belween the
interferometer phase-delays of the three components. However, if the
pulse structure is due to einission from regions which are spatially
distributed in & plane perpendiculas to the 1line of sight - as is
conceivable if scattering effects are involved or 1f several rotaling
beams of radiation are pointing towards the observer from slightly
different locations - then differences between the interfoculeter phase
delays of the conponents may btiecome observable. VWe deteriiined upper
limits on any such phase-aelay differences anu hence on any position
offsets.

DISCUSSION ON THE PAPER BY MUTEL (p. 277)

HUTCHINGS : One of your objects, L3I + 61 303, has a 26-day radio cycle
and 1is a unique X-ray source. Any information on the radio structure
would be of great interest.

PORCAS : How rapidly does HR 10S8S vary? In particular, if it changes
during the course of the VLBI observalions, how do you get over the
problem of interpreting the visibility function?

MUTEL : The shortest time scales we have seen are several minutes. Ffor
the VLBI data reported here, the sources had nearly constant flux
levels. 1In any case, we measure lhe corgelated flux one each minute for
sources with sufficient signal-to-noise ratio

NEdd : Using the VLA, Brown, Broderick ana Keff have detected (with
eclipse data) a position offset Dbetween Lhne Lwo senses of circular
polarization. Do you see any evidence for such & separation in  your

dual polarization work?

LMUTEL @ We have not yet observed in the aual polarization VIBI node.
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SENGISON ¢ Is  thiere any possibility that the observec gaussian
brightness cistribution 1is caused by interstellar scatiering, and have
interstellsr scintillation been searched for in this object?

MUTCL @ Interstellar scatlecing anu scintillation effects are very
unlikely because the stars e, in general, less than a few hundred

parseCs away .

DISCUSSION ON THE PAPER BY GELDZAHLER {p. 283)
KONIGL @ Could you comment on the intecpratation of the SCO X-1 lobes
in  terms of magnetic pinches, as proposea by Achterberg, Blandford, and

Goldreich?

GELDZAHLER : This is an 1intleresting idea. The authors make two
predictions: 1) that the shape of the lobes should be conical with the
apex poinled away from the ceniral component, and 2]} deals with Faraday
roation in the lobes. Our present maps really aren't sufficient to
confirm or deny (1), but our improving 2 cm VLA observations may be able
to do so, at least for the NE lobe. We have data in hand to check the
Faraday rotation and are currently doing so.

RUSK :  Has there been a search focr ciccuiistellar mnaterial around Sco
X-1 which the "beam” might be impinging upon? 01d outbursts may have
increased the density of the interstellar medium about Sco X-1 so that
it may not be the "typical" n = 0.1 - 1 cm—o.

GELDZAHLER : Yes, there has veen such a search. Ffor example, the 408
fitlz Jodrell Bank - KPI survey of Haslam et al. reveals no evidence for
any low level shell stiuctures near the outer lobes. Also, deep optical
plates taken by Dave Malin at the AAT show no such structures.

BRIDLE : Lower-resolution VLA observations of Sco X-1, particularly at
20 c¢m, could be valuable as they might detect diffuse emission
connecting the "lobes" to the central source. This could confirm the
physical association of the three emitting regions.

GELDZAHLER : Hjellming and Wade have already made such observations
with the C-array of the VLA and no such connecting emission was found.
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et o mmre T vt At [ SURPEN
ISCUSSICHT G THE PAPER bBY WICULSON (p. 284)

ALLEZR : Did the triple flares exhibit a characteristic modulation

frequency”
NICOLSON ¢ The tiriple flares eppeacr 1o  be a superposition of

conseculive outbursts. This 1s supported by 2 cm measuremenis al Parkes
which show distinct outbursis.

BORIAROSS ¢ Do you have any polarization information on the flares?
NICULSUN :  leasurements at Parkes for one flare at © cin failed to

detect polarization.

TCHINGS @ A comparison of the radio properties of Civcinus X-1 and
LSI+613C: {0236+61) may be interesting.

[WICCL3OIv ¢ A comparison would require data at optical, infrareda and
X-ray wavelengths as well as radio. Another similar objects may be
AC5C6-66 in the LiiC. Ve have some limited data for this object. The
upper limit for radio flares is 50-100 mJy at 6 cm.

VEILER @ Do your VLBI observations tell you anything about the size of
the radio outbursting region as opposed to the size of the bLinary ystem?

NICOLSOH @ At a distance of 10 dpc the linear size is greater Lhan 25

AU wheieas the Dbinary dimension 1is about 1 AU. Iliowever the longest
baseline data is probably limited by interstiellar scattering.

DISCUSSION ON THE PAPER BY WRIGHT (p. 287)

MUTEL : How many stars are known like HI-Z6 which have steeper than
expected oplically thick radio spectra?

WRIGHT :  About 10.
KUNIGL : 1)what is the spectral index in the steep portion of your
spectrum? 2) 1Is it possible to invoke acceleration at large radii due

to the foriiation of grains in the flow?

WRIGHT : 1)The spectral index varies in diffecent objects from about
+0.8 up to about +1.5 in Vy 2-2. 2) Yes it's possible: see karsh
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(1976) Astrophys. J., 201, 190.

DISCUSSION ON THE PAPER BY SCHILIZZI (p. 289)

PORCAS : 1Is it true that, in addition to an arbitary registration on
the sky, there is also a 180 deg orientation ambiguity in your December
1982 sequence of maps?

SCHILIZZI : There were only 3 hours of usable closure phase data on one
epoch (JD2445310). This constrained the model to the orientation shown.
we assumed the same orientation for the following epochs.

HUTCHINGS : in addition lo the direction jiller seen hnere, there is
Jjitter in the moving line radial velocity. If, as seems likely, they
are connected, it should be possible to determine the place of origin of
the optical lines and a § dimensional pictuce of the jitter.

SCHILIZZI : We have not yet checked the detailed correspondence of
jitter in the radio position angles and that in the optical radial
velocities.

JOHNSTON : A comment and then a question. Hjellming and i have been
observing S5433 at 6 and 2 cm for over three years now. At 6 cm we can
see radio radiation out to a distance of three turns in the corkscrew.
Over this range, we do not see any deviation frouw the predicted
positions of the observed values. Al 2 cm we also see at least 2 turns
of the corkscrew and also see no deviation. My queslion is how often do
you see eiiission that is in a different posilion from the prediction?

SCHILIZZI : Only on 9 December 1981 do we sec emission in a very
different position angle (APA about 2C deg.) to that predicted by the

N

xinematic model. At other epochs we see devialions of a few degrees
only.

SPENCER : Similarly there is only one outburst seen on lerlin naps
(occuring in April/May 1982) which is in an anomalous position angle.

DISCUSSION Oii THE PAPER BY SPERCEIC (p. 297)

BEGELeARL ¢ 10 avold xinetic energy fluxes in excess of 10842 — 108435
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erg/sec it is necessary to assume that the line-emitting gas has a very
small filling factor. It may be the interstitial gas that is
responsible for the radio emission and, if this is the case, then it
would not be too surprising if flares at the central engine could
sometimes eject this gas at a higher velocity than the line emitting
gas. Therefore, the anomalous ejection may not show up in optical
observations. Could you put a lower 1limit on the amount of energy
contained in relativistic particles plus magnetic fields in one of these
outbursts?

SPENCER : The power required to replace the radio jets in a period of
164 days is about 10ES9 ergs/sec, assuming equipartition between high
energy electrons and magnetic field in the jets. This is comparable
with some of the lower estimates of the kinetic energy flux in the
optical clouds, suggesting that the kinetic energy fluxes are indeed
higher.

DISCUSSICON ON THE PAPER BY KONIGL {(p. 299)

FHORIMOTO : DMolecular line observation of IR sources in the bipolar flow
niolecular clouds showed existence of rotating disks of dense inolecular
gas of several thousand AU in dianieter.

VAN BREUGEL : Hegarding the similarities between galactic bipolar-flows
(i.e. lerbig-Haro objects) and extra-galactic jets I must mentlion that,
while lHerbig-Haro objects are probably shock excited, the only
unambiguous result from optical line emission associated with racio jets
(Coma A=EC 277.3) shows that Lhere is photo-ionization (presumably by

non-thermal emission from shocks in the jet).

JONIGL @ I agree with you that unambiguous data on shock excitation in
extlragalactic jet sources is still lacking, although the work of Brodie
et al. (1€33), referenced in ny talk, suggest that the spectroscopic
roperties of the radio and line-emitting knots in CenA are similar to
those of [lerbig-Haro objects. he analogy Dbetween these objects and
optical emission clumps in extra galaciic jets could, nowever, hold even
if the latter are not directly associated with shocked material. in
this connection I would like to mention recent photo—inizalion models
{e.g., ferlana and helzer, 1985, Astrophys.J.204, 105) which showed that

Lhe endossion in  a paciiclly ionized medium with a low ilonization
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paramneter could be very similar to the emission from a shock. The
photo-ionization source could be the 1low shock attached to an
accelerating clump in the jet. Such shocks are invoked also in

accounting for the continuum emission from Herbig-Haro objects (e.g.,
Schwartz, 1981, Astrophys.J., 243, 197).

LO : What is the source of energy for the jet? And is there a problem
with accounting for the energy and momentum of the outflowing molecular
gas”?

KONIGL : The source of the energy is most 1likely the gravitational

binding or rotational energy of the central star, or even energy
liberated in accretion onto the star. As I mentioned, there 1is now
direct evidence forr outflows from the immediate vicinity of some
embedded sources, bul the exact mechanism which transfers the energy and
momentuni  to the wind is not yet clear. One of the difficulties is that
very large moumentum discharge rates are required to power the outer
lobes - much larger than available from radiatively driven optically
thin winds accelerated by the observed photon fluxes from these sources,
ancg in fact also larger than those inferred froin the direct measurements
in Lhe immediale vicinity of the sources. I would like to emphasize,
however, that the jet formation and collimation mechanisms that I
mentioned do nol depend on the precise nature of the 'central engine"
which powers the wind, but only on the presence of a wind and of a
flattened ambient mass distribution.

DISCUSSION ON THE PAPER BY CORDES (p. 303)

SHAFFER : The sources NRAOIEO {|b|=2 degrees) is probably affected by
interstellar scatlercing at 18 and 13 cm, in a non-symmetric fashion.

CORDES : The way to test whether ellipticilies in visibility functions
are due to interstellar scattering is to check that the axial ratio is
independent of wavelength. Elliptfcities would be caused by non
spherically symmetric irregularities in electron density if there is
some prefecred alignhmenl of irregularities somewhere along the 1line of
sight. I recall that Iinterplanetary scintillations indicate that
asymmetcric blobs exist in the solar wind plasma with alignment in the
direction of the local wind velocity.

SIMON @ Whal is the minimum scattering size expected at 329 iiHz? For
3C147 an upper limit to the size of Lhe core of 8 mas is observed.
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CURLES : The pulsa:s observations suggest that 9&un 1s about 7 mus at
027 whiz for b=SU deg butl the error on this prediction is at least a
factor of two. I would nol ve sucprisec if there are holes in Lhe large
scale heignt component of the scattering mediuin but to date ithere uare no

imeasurenents Lnat show such holes.

L0KRIGL : Could you coainent on ithe possible physical nature of the two
components that you used in your mocel-fitting?

COIDES : I suspect that there aie several kinds of regions where
electirron density '"turbulence" 1is produced. The Crab and Vela pulsars
boih show enhanced scattering, presumamnbly related to their associated
supernova remnants. The low-scale height component has a filling factor
coimpatible with an extreme population i class of objects, such as HII
regions or stellac winds associated with O and B stars. Gesansky (1980,
An. Rev. Astron. Astrophys., 138, 2859) has arguea that Lhe maintenance
of the ‘turbulence may be important for the energy balance of the
interstellar medium. The large-scale height component night be
maintained by supecnovae or infalling material.

ANANTHAKLKISHNAN :  Pramesh and I had presented evidence, al ihe 1682 IAU
General Assenbly in Patlras, that between latitudes OD and 4° and
longitudes 0° anc 40° there is a total absence of IPS indicating
substantial enhanceiment in scattering towards the galaclic centre. In
the sanie paper we had also stated that such enhancement is not seen in
the anticentre direction. Therefore i1 is clear thal Simon's
observation of 3C147 should not be seriously affected by interstellar
scattering. Thus scattering is not only latitude dependent but also
longitude depenuent; i.e., one nmnust look at it in Lernis of
galaclocentric radius.

DISCUSSION OiN Tilii PAPER BY R. NORRIS (p. 323)

REID : It is very unlikely that circumstellar OH masers are saturated.
The brighincss temperature needed to saturate the 1612 MHz transilion is
T . = 10E11 (0.01/£)) K where L is the beam solid angle of the
eﬁ?ssion. This temperature is several orders of magnitude greater than
typical brightness temperulures. Also, the extremely bright features
Jou observe in the blue shifted OH peak cannot be saturated if they
anplify the stellae continuuwe, since the beam pattern would be the solid
angle of the slar at the distance of the Ol maser which is very small
(e¢.g., Q 1ess than 10:5-85.
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NORRIS : 1In reply to your first point, I woulcd say that TSat is rather
uncertain because it depends on a poorly known quantity, the
thermalisation rate. Empirically, the smoothness and linearity of the
OH intensity vaciations in response to the varying IR flux suggest that
the masers are saturated. Regarding your second point, I don't agree
that this is the correct solid angle to use. The central star may be
very small, but the appropriale beaming solid angle is determineu by the
geometry of the shell and observer. I think you have to be rather
careful, as the results of my nodel are rather non-intuitives, and
really require careful calculations, which are in progress.

JOHNSTON : Bowers, Spencer and I (this volume) have mapped about twenty
late type stars in 1612 OH using the VLA. The spatial structure of this
emission is consistent with central outflows in almost all cases
although there are probably small deviations from this simple model in
all cases. Ffor the supergiant stars and some others such as IRC 10420
more complex models are needed to fit the data.

NORRIS : Yes, we find the same result. Most sources are generally
consistent with a simple expanding shell model, although small
perturbations from this model are nearly always requirec. Sources such
as IRC10420 and the supergiants represent a small class of interestig
exceptions.

MUTEL : The source OH17.7-2.0 has been mapped previously by VLBI.
Would you comment on why the continuum source has not been previously
seen?

NORRIS : Two possible reasons suggest themselves. One, which is riore
exciting, 1is that we are witnessing a short lived transient event. Ve
shall, of course, be closely monitoring the source to investigate this
possibility. The other possible reason, which is more nundane, is that
only the channels containing the strong maser lines were mapped.
furthermore, it should be emphasized that since the broadband source is
only a fraction of a Jy in intensity, the previous observations may not
have had sufficient sensitivity.

BOOTH : The fact that OH17.7 was not detected in a previous VLBI
experiment suggests that we are indeed observing a transient phenomenon.
If the high internal rmotions suggested by the new spectrum are confirmed
and if OH17.7 corcresponds to an lM-supergiant il is conceivable that we
are beginning to witness a pre-supernova build up in the star.
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DISCUSSION ON TiE PAPEZR BY LANE (p. 329)
NORRLIS : Do you have any information on the structure of the Si0O masers

that are resolved out by your measurements? Could you perhaps use the
Hat Creek inlerferometer for this as your measureinents on VX Sgr  show
the resolution effects to be the same in the two SiC transitions?

LANS : Roughly half of the observed total-power flux in both lines at
43 Giiz 1is cresolved out with the 75 K baseline. Presumably this flux
originates either froi exiended halo components surrounding the hot
spots detected by the interferometer or from an ensemble of many weak
maser corponents, small in size, but spread over an area larger than the
fringe spacing. Clearly, shorter baselines, preferably with apecrture
synthesis capabilities, are needed to locate this emission. An  effort
to map stellar sources in the V=1, J=2-1 Si0 line at 86 Gllz with the Hat
Creek interferometer would be very useful.

BOOTH : Do your observations suggest thal the SiO masers may be at the
sume radial distance as the H_O masers and what are the implications for
<

pump process?

LANE : VLBI measurements Loward several UMira's and semi-regular
variables suggest the H_O masers occur at somewhat greater radial
distances than the SiO masers, as is expected from the lower excitation
requirements of i1 0. Toward VX Sgr, for example, the radius of the H 0
maser shell is about 2 x 10£1% cm, compared to 8 x 1CE14 cm for the 510
J = 1-C masers. The implications for Si0 pump processes are not easy to
sdecify since pump models must also take account of the fact that maser
lines from higher J may be formed in differenl regions (as compacison of
J=1-0 and J=2-1 profiles suggests).

DISCUSSION ON THE PAPER BY SCHNEPS (p. 335)

GENZEL : Can you say anything about the distance to the galactic
center?

SCHNEPS : We just processed a portion of the SGR B2 data for two epochs
almost a year apart. This source is too variable to permit a quick
distance determination based on so little data: misidentification of
features is a problem with only two epochs processed. We can already
see from the data that the source must be at least 5 Kpc distant. A
better number will have to wait for further processing.
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DIAMOND @ How can you be sure that the observed proper motions are
indeed niotions and not just a misidentification of various features due
to their intrinsic variability?

SCHNEPS : This was demonstrated well by the Orion KL data (Genzel et
al. 1981a). Cbservations over five epochs showed the maser spots to
move linearly with time, which denonstrate that the kinematic motions
are being observed, rather than a "Christmas Tree" effect.
ifisidentification of features is a serious problem if only 2 epochs are
observed. llowever the new experiment observes five epochs over 2 years,
enabling us to follow variable features over several epochs.

DE BRUYiN : How certain are you that the masers are cistributed
spherically, which 1is a necessary condition to derive cistances from a
comparison of radial velocity and proper motion distributions?

SCHNEPS : Departures from isotropy can be measured Lo a large extent
since lhe distribution of masers on the plane of the sky, as well as the
distributlion of motions in three dimensions, are observed. Only the
spatial coordinate along the line of sight is indeterminate. Allowance
can generally be made for observed asymmetries by modelling the errors
in distribution, as was done for W51 by Genzel et al. (1981).

MARCAIDE : The very accurate distance to Orion was determined using an
isolropic Tflow model. How does Erickson et al. finding of the bipolar
flow in that source ( 1982, Ap.J., 261, L103) affect the determination?

SCHNEPS : Were the masers aligned in a highly collimated jet an
ambiguity could arise, but we know that this is not the case. The
cistribution of masers on the sky is not simply jet-like. In such a
poorly collimated flow no errors are introduced by assuming that the
masers ace irregularly distributed on an expanding shell, as opposed to
an expanding cone.

DISCUSSION ON THE PAPER BY JOHNSTON (p. 339)

CAPORALI : You mentioned that 1in giving astrometric coordinates of
radio sources one should specify the frequency of observation, because
Lhe source structure may change with freqguency. Is there any incication
that not only structure, but also the position of the center of emission
changes with the observing frequency?
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JOHNSTON : Yes, the apparent position of many quasars may change by up
to 2 mas or more in measuring the peak emission over frequencies from 5
to 22 GiHz because the majority of the cores of the sources are self
absorbed.

COHEN : The "core" in 3C273 is strongly self absorbed at 2.3 Gllz and
the centroid has a one or two mas difference in right ascention between
2 and 5 GHz. It would be better to us a BL Lac for a right ascension
reference source.

JOHNSTON : I agree with your suggestion. My basic point was that only
one source located near the equator should be wused as the right
ascension zero point.

DISCUSSION ON THE PAPER BY TAYLOR (p. 347)

SHAFFER : What are the ambiguity spacings on the PSR0950+08 proper
motion/parallax determination and what effects might they have on the
results?

TAYLOR : Between 15 and 2C mas. Incorrectl identification of fringe
numberings is unlikely in our data for PSR 0950+08.

DISCUSSION ON THE PAPER BY BAUDRY (p. 355)

JAUNCEY : Because of the problems with galactic radio sources, proper
notions, structures, position co-incicence etc., it is important to
compare directly the Hipparcos ana EGRF. Just what 1s the magnitude
limit of lipparcos, since there are severul southern BL Lacs within one
magnitude of 3C2737?

BAUDRY : The nominal Hipparcos precision, about 2 mas, is expecied for
objects brighter than about S-10 magnitude. The magnitude limit is
somewhere between 12 ancd 13 magnitude. Thus 3C273 should be accessible
to Hipparcos.

JOHNSTON : The relative positions of maser sousces to the optical may
be difficult. VLA observations at H_0 masers show emission spread over
0.2" to 0.3". The localion of stellar optical emission 1o this maser

emission to a relalive accuracy less than C.01' will reguicre that the
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structure of the H20 emission be modeled in some detail.

NORRIS : Regarding the positional coincidence of the masers and stars,
the model I discussed in my talk may well apply to SiO and H20 masers.
If so, then when observing with the longest baselines all emission may
be resolved except that which represents the amplified stellar thermal
emission, which is of course coincident with the star. We find, with
VLBI observations of OH masers, that this one unresolved spot, which on
the shorter baselines is not significantly different from the other
components, is all that is seen on the longest baselines.

BAUDRY : VLBI observations of stars in H O and SiO must be made in order
to find the unresolved spots similar to those observed in OH. They must
also be observed more or less regularly in order to find out how they
behave with respect to the stellar position.

MUTEL : It is not obvious that there are any OH masers for which the
optical stellar position and any individual maser feature coincide
within 10 mas. Only in those stars for which a simple spherical shell
geometry is applicable can one expect the line edges to be coincident
with the star's line of sight, but these models are clearly not viable
for supergiant stellar masers (as mapped by VLBI) and even the Mira
variables show significant deviations from spherical symmetry (as mapped
at the VLA). Some OH/IR stars (e.g. OH127.8 0.C) appear to have
spherical symmetry, but they, of course, have noi optical counlerparts.

BAUDRY : Geometry in SiO stars (Miras) has to be investigated.for this
we intend to use the IRANM interferometeir, at 86 GHz.

DISCUSSIOiv ON THZ PAPER BY DE VEGT (p. 357)

CAMPBELL : How far did you make sure that the precession/rotation
models used in esﬁablishing the radio anc optical catalogues are the
same? The sinusoicdal signature in the residuals of your comparison
reminds one of a systematic difference between these nodels.

DE VEGT : The influence of the model is about 10 nas.
JAUNCEY : Which optical catalogue should we now be using in the South?
DE VEZGT : The final catalogue for southern hemisphere is SRS (available
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al  the end of 1983, probably). An intermediate frame is provided by
WL50 (Washington-Leoncito)

DISCUSSION ON 7HE PAPER BY MARCAIDE (p. 361)

SHAFFER : How did you place a Gpc distance limit on the quasar? Low
tranverse velocities are possible for local quasar models.

MARCAIDE : I said under reasonable assumptions, i.e. that at least for
one quasar its transverse velocity be a fraction of its radial velocity
if the red-shift were due to local doppler-shift. Possibly a better way
to use the astrometric 1limit would be to assume transverse speeds of
about 300 Xm/sec and then the distance to the A quasar would be in the

Mpc range.
BARTEL : You determined the separation between the two quasars with
nearly microarcsecond precision. Suppose you detect a significant

difference in the separation of the two quasars of, say, 50 microarcsec
in the next epoch observation. Would you be inclined to believe to have
detected proper motion?

IFARCAIDE : I would try to understand a bit better possible systematics.
Using the maps deduced from the second epoch with the phase-delay
observable from the first epoch, and vice versa, should help in the
research. i encourage you to read our paper which will appear in the
A.J. August '83 Issue, where we wrote several related comments.

DISCUSSION ON THE PAPER BY NIELL (p. 363)

CAPORALI : You mentioned that the nutation model used in the
astrometric reduction of VLBI data is probably not enough accurate for
the precision of the VLBI measurements. Have enough VLBI data been
accumulated to permit that the nutation constant is included in the
least squares solution?

NIELL : Our dual frequency data covers only the period 1978-1982. When

we solve for a nutation-like departure from the 1984 system, any change
is not significant.
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468 DISCUSSION
DISCUSSION ON THE PAPiR BY SHAFFER {(p. 3605)

BARTEL : You selected sources with simple brightness distributions. Do
Jou nevertheless make attempts to cociect for structure phase?

SHAFFER : We do not normally corcect foe structure, but reductions
which do correct for structure show that there is only a small effect
much less than 1 cii, presumably because the effect of siliuctuce shows up
on only a few data points out of the 100 or more data points per
baseline in & given experiment.

KELLERHANN :  Your results show little, if any, improvement when NKIII
was used instead of MKIiI. Indeed, even without increased sensilivity
one would expect sowme improvement over the past 10 years due to wore
refined techniques.

NIELL : The sensitivity of [{KIII is require¢ to make the mobile VLBI
geodetic systeni possible, since the antennas ace sumall.

KELLERMANN : Yes, but my question was directed to Shaffer and his
results using large fixed antennas.

GORENSTEIN : As comment to Kellermann and Shaffer, [ believe the
seusitivity of the Mark III system as compared to {ark II is needed to
study the systematic effects that limited geodetic accuracy.

SIIAFFER :  Yes, systematic errors show up quite obviously in the
residuals of each baseline solution. Each source tends to show its own
systematic trends. Unfortunately, we have not had time to properly
analyze these residuals.

AELLERMAKN :  You are both avoiding an answer to ny question: How has
the improved sensitivity of NKIII improved the result?

DISCUSSION ON THE PAPER BY LEGG (p. 383)

SAUNDERS : This is a question directed to you anc¢ Kellermann. why
don't the U.S. and Canada cooperate fully on a VLB array? IJt's a waste
of money to have separate arrays - shouldn't Jou as scientists be
persuading your governments of this? After all, even the Znglish and
french manage Lo cooperate with each other in the Ruropean Space Agency!
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LEGG : 1In principle, yes, I would agree that a well-planned joint array
would be superior scientifically. There seem to be cifficulties,
however, in getting agreement on how to build such an instrunent, and in
how to operate it. One difficulty is possibly the success of the U.S.
effort to have their array funded. There may be an understandable
reluctance to delay, or even de-rail, their project by considering
collaboration.

DE BRUYN : You mentioned the possibility of improving the UV-coverage by
observing over an 8% relative bandwith. Have you investigated whether
large spectral index changes in the sources (known to be present) would
not deteriorate rather than improve your dynamic range?

LEGG : One could make sure that the dynamic range was not deteriorated
by measuring spectral effects. This could be done by covering exactly
the same U-V track (in A /d) at diffecent wavelengths. Il.e., imagine a
particular track at wavelength Ao produced by two telescopes. Another
two telescopes, producing the next longest track at )o, could also
produce the original track at wavelength Ao+ B A, The spectral
differences could therefore be measured, independently of visibility
structure.

WRIGHT : Do you think that the STARLAB project will be in funcuing
conflict with the CLBA?

LEGG : We are told that there should be no direct interference because
these funds would come from different sources. At some level, however,
there would presumably be only one pot of money, and possibly some
conflict, though we hope that there might be enough difference in timing
to avoid this.

DISCUSSION ON THE PAPER BY BHONSLEZ (p. 391)

SHAFFER : I think this is a good frequency and array for monitoring
sources. Do you have additional plans for mapping or other uses?

BHONSLE : Yes, I do have additional plans Lo wutilize our three IPS
telescopes, which are separated by | 200 Km. #first, I would like to
incorporate Mark II VLBI terminal at each of the thiee stations and
calibrate angular size measurements of radio sources made with the IPS
technique. Next, I shall incorporate antenna tracking of radio sources
and attempt mapping using "closure phase and amplitude® techniques.
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DISCUSSION Ok TiL PAPLR BY BURKE (p. 297)
WEISTROP : 1) Are there plans for a VLBI expecriment on iLhe successor to
VOIR (VOIR has not been funded)? 2j When do you think the first OVLBI

experiment will be done?

BURKZ : 1) Not likely; 2) 190 or shoc,tly thereafter.

DISCUSSION ON THE PAPER BY LEVY (p. 405)

SHAFFER : What baseline length (40,000 Ki?) was used for the S-Banc VLBI
sensitivily calculations? TDRSS is at geosynchronous.

LEVY : The standard list of sources was used. By adjusting the angle of

observation the baseline can be varied down to much less than an earths
diameter.
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