
 Appleton Laboratory 
A new look at 30 Doradûs 

The photogenic cover image is of 30  in the 
Large Magellanic cloud. It is a five-minute  
exposure taken through a narrow-band OUI 5007Â 
filter on the ESO 3.6-m telescope at La Silla, Chile. 
30 Doradûs is the laboratory in which to study the 
formation and evolution of massive stars. It must 
contain several hundred  stars in order to account for 
the ionizing flux, but many of these await discovery. 
The image was used to continue the stellar inventory, 
and seventy new  stars were found (H. Schild  G. 
Testor, Astron. & Astrophys.  92, 729). 
The image has been processed by KAPPA: to remove 
some defects and charge overflow from bright stars 
(ZAPLIN); modify a tasteful colour table into 
something garish (CRELUT); displayed on an Inkjet 
plotter with logarithmic scaling between percentile 
limits  DISPLAY). A new version of KAPPA 
has been released recently, and it is described in this 
issue. 
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Editorial 
In the last issue I noted that the SERC had set up 

a Starlink Review Panel to assess the Starlink Project. 
This Panel submitted its report to the APS Board on 
23rd September 1992. 

The Panel was largely supportive of the current di-
rection of the Project. It made 20 recommendations 
which are now being digested and acted upon. One 
of these was to replace the committee that oversees 
Starlink  Users' Committee) with a new 
committee (currently unnamed). This new committee 
will have a strengthened peer review role. The Panel 
also recommended continued support for ADAM, but 
noted that the work is due to be reviewed at the end of 
1993, and specified a number of new criteria to be in-
cluded in the assessment. Another recommendation was 
that the Project's move to Unix should be accelerated, 

KAPPA  kappa 

KAPPA, Starlink's image-processing and visualisa-
tion package, is now available on Unix with almost all of 
its popular features. Discerning Starlink users no longer 
have an excuse to waste thirty seconds or more when 
they display their images, or have a coffee break while 
their data file is smoothed on a slow old VAX. Given lo-
cal data files, KAPPA applications will zip along about 
an order of magnitude faster. KAPPA runs on the DEC-
station and SPARCstation platforms, and ports to fur-
ther machines are planned. 

To set up KAPPA on Unix just issue the command: 

kappa 

and then use it like DCL KAPPA, except commands 
are in  you would expect for  
commands cannot be abbreviated. There are a few other 
differences, and these are described in SUN/95.8. 

Your NDF data sets (in fact all your HDS data) are 
portable between operating systems, but for maximum 
efficiency it is wise to run the new KAPPA application 
NATIVE to convert the file in situ to the native data 
representation. , 

KAPPA on both Unix and VMS now takes advan-
tage of recent developments in  graphics: 

•  and  applications share the same window, 
so for instance you can DISPLAY an image in a 
window then use LUTROT to rotate the colour 
table; 

• you can now plot in the one-bit X-windows over-
lays; and 

• CONTOVER and INSPECT will work using the 
X-windows overlay (but instead of using coloured 
lines they draw different line patterns). 

to aim for the elimination of VMS by mid-1995. 
The 26th and last SUC meeting was held in Armagh 

on 5th October. The series began in 1984 when SUC 
replaced an earlier committee called SAG, the Starlink 
Scientific Advisory Group. 

Since the last issue I have canvassed comments 
about this Bulletin from users via the medium of a VAX 
Notes conference. The spectrum of opinion revealed was 
so wide that there is clearly no general view on the sub-
ject. One frequent complaint was that there was 'too 
much about Starlink in it', which seems a bit unfair 
given that it is the Newsletter of the Starlink Project! 
However, it highlights the need to maintain the supply 
of articles written by users about the science Starlink 
helps them produce. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@ukac.rl.star 

You will find better integration between the old 
and new applications in KAPPA. All the old 

 applications in KAPPA are able to read simple 
 sort that have origin information and/or a 

bad-pixel flag—though in most cases this additional in-
formation is not copied to an output NDF. Where it is 
valid and straightforward to implement, these old ap-
plications now propagate the NDF components VARI-
ANCE, AXIS, LABEL, UNITS, and HISTORY. Previ-
ously, only QUALITY and extensions were copied. As 
a consequence of these changes: 

• it is much easier to process subsets and super-
sets of NDFs, since you can specify an NDF sec-
tion following the NDF's name (though not in the 
  applications themselves). For ex-
ample: 

DISPLAY  

would display the central 100 pixels along the first 
axis, and the region between co-ordinates 25.37 
and 256.14 along the second axis. 

• Even where an application expects a fixed number 
of dimensions, the NDF as a whole need not have 
that dimensionality. So, for example, DISPLAY 
can plot a portion of any of the planes (XY, XZ, 
YZ) of a cube. 

• There are four new commands for copying NDFs 
and manipulating their components. 

The above changes and others are fully described 
in the latest SUN/95 and online help which accompany 
the  release. 

Malcolm Currie, Starlink, RAL 
RLVADr.CUR, cur@uk.ac.rl.star 
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Two important new documents 

MUD/45 
MUD/119 
MUD/13 
MUD/70 
SUN/141 
SUN/33 
MUD/4 
SUN/95 

SG/4 
MUD/14 

Top Ten 

Starlink Documents 
September  

50   Pages 200 250 300 350 

On consecutive days in August (18th and 19th), 
 revised and updated versions of two of Starlink's 

largest documents were released for distribution. At 
nearly 300 pages, SG/4.2 on ADAM and SUN/95.8 on 
KAPPA are book-sized documents that represent major 
efforts by their authors, and both deal with software of 
great importance to Starlink. 

You can see by the accompanying bar chart that 
SG/4, SUN/95 and  (the FIGARO Program-
mer's Guide) are by far the largest documents produced 
by Starlink. Some documents in the indexes are larger 
(like the NAG manual), but these are either commercial 
publications or are produced by other projects. 

SG/4.2 is a revised, enhanced, and reorganised ver-
sion of the ADAM Guide, originally issued in December 
1989. It's the best single introduction to ADAM for 
users and data-analysis programmers that exists. The 
ADAM support group has done a lot of work on ADAM 
since the original version was issued, and the new ver-
sion reflects the developments. The initial revision was 
carried out by Ken Hartley, and this was further revised 
and prepared for publication by Mike Lawden. 

The most obvious change is the new Lego-Logo on 
the front  idea being that you can link the 
various parts of ADAM together like Lego bricks. How-
ever, there are more substantial changes inside. You will 
find many more ADAM application packages described; 
you can do a great deal more real work with ADAM 
now than you could in 1989. The original two chapters 
on the  command language have been expanded to 
five chapters, and the material has been carefully re-
organised and rewritten so that the topic is described 
and developed in a rational and coherent manner. Spe-
cial attention has been given to describing how to spec-
ify parameter values as this is of central importance for 

 users and can be confusing (because of the great 
flexibility provided). 

In the section aimed at programmers, a new chap-
ter has been written on language standards and the pro-
gramming tools that are available. The chapter on the 
Data System has been expanded and includes a new 
section on the important NDF extensible  
data format. 

I would like particularly to draw your attention to 
the Reference section. It has two fundamental purposes. 
The first is to enable you to find out in detail what the 

various packages and subroutine libraries actually do. 
The second is to help you find the specific command 
or subroutine that you are looking for. There are now 
over a thousand commands offered by the application 
packages, and thousands of routines in the subroutine 
libraries, so just finding the one you want is a problem. 
The Reference section does not  you how to use the 
commands and routines it  this you should re-
fer to the source documents. I deliberately got rid of 
the clutter of parameter and argument details which of-
ten makes such lists so irritating to browse through. I 
also imposed a standard typographical and grammat-
ical style on the lists to make them concise, uniform, 
and easy to scan. So, if you really want to know what 
ADAM applications do, or what the ADAM environ-
ment provides, take a look at the Reference Section of 
SG/4.2. 

The other giant new document, SUN/95.8 on the 
kernel application package KAPPA, also sports an ex-
citing new picture on the  one shows various 
types of output that KAPPA can generate. KAPPA 
provides a central core of 139 general purpose applica-
tions, particularly for image processing and data visual-
isation. 

The main bulk of SUN/95 is a detailed descrip-
tion of the commands supported by the package, with 
lots of examples of how to use them. What is partic-
ularly nice, however, is the genuinely user-friendly in-
troductory section which gets the new user up to speed 
as painlessly as possible. It also makes SUN/95 self-
contained in that you really don't need any other Star-
link documents with you in order to make effective use 
of KAPPA. Typical of Malcolm Currie's concern for his 
reader are the hand-holding demonstrations at the be-
ginning which show you KAPPA in action, and the lists 
of KAPPA commands in both alphabetical order, and 
classified by function. 

There you are then! Two  up-
to-date, and presentable documents describing software 
that is at the heart of the Starlink Project. You really 
don't have any excuse now for not knowing about them. 
Ask your Site Manager for copies. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL,  

3 

mailto:mdl@uk.ac.ucl.star


New products Documents 

From April to September 1992 inclusive, there were 
30 releases within Starlink's VMS software  
affecting 49 software items. There were 10 Unix releases 
affecting all 44 items in the Unix collection. There is 
a lot of overlap between the VMS and Unix releases, 
however the details below refer specifically to the VMS 
version. Unix software is described in a separate article. 

Software 

Six new software items were released: 

 PAC: a catalogue applications package — the 
long awaited SCAR replacement (SUN/120). 

COLDMON: allows system managers to identify soft-
ware which isn't much used  

FIO: Fortran  subroutines (SUN/143). 

OBSERVE: gives a graphical display of star observ-
ability (SUN/146). 

SAM: a set of Figaro applications for spectroscopic 
extraction (SUN/149). 

 a set of Figaro applications for simple CCD data 
processing  

Forty three other software items were changed. 
Some just had bug fixes: 

ASPIC A S T R O M  
D A O P H O T EMS HDS 
N C A R N D F PATTLOAD 
P H O T O M P S S M B SGS 
S N X SPT S T A R M A N 

Some had minor updates: 

 
G W M 
 
PISA 

GKS GNS 
HELP  
I K O N P A I N T P G P L O T 
SLALIB W F C S O R T 

Some had major updates: 

A D A M AGI ASTERIX 
ASURV C C D P A CK C D C O P Y 
CHI FIGARO FITSIO 
GENSTAT K A P P A N A G 
RV SPAG SPECX 
TSP 

There are too many changes for them to be de-
scribed in detail. If you are interested in a particular 
package, get a copy of its latest documentation. Look 
in the tables in the centre pages to find out what the 
software listed above does and where it is documented. 

In addition to the documents associated with the 
software releases listed above, there have been other 
new issues, in particular: 

M U D / 1 2 6 : This is a gentle introduction to  for 
those who are frightened by the daunting  
Book'. Starlink recommends  for document 
preparation, but if you are a power user who is pre-
pared to boldly go etc. and can look after yourself, 
this could be useful. 

The largest release of all has been the new NAG 
manual (Mk 15) which now occupies 10 volumes. The 
two largest internal document releases have been a 
revised ADAM guide (SG/4) and KAPPA manual 
(SUN/95). These are both major enhancements which 
are described in a separate article. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 

Martin  Starlink, RAL 
RLVADr.STAR, star@uk.ac.rl.star 

Ten years ago 

The big news ten years ago was the opening of a 
new Starlink node at Birmingham. This was the second 
of the new nodes to be added to the original six, the 
first being Durham as reported in the last issue. Billy 
Wilson was appointed Site Manager, a position he still 
holds today. Durham and Birmingham are the only 
Starlink sites that still have their original managers in 
service. This makes Alan Lotts and Billy Wilson the 
'elder statesmen' of Starlink managers, both celebrating 
their tenth year with the Project. 

Both the new nodes ran VAX 750s with 2Mbyte 
of RAM. The speed of advance in computers can be 
gauged from the fact that 4Mbyte of RAM is now con-
sidered the minimum for running a decent Windows 
system on a PC for a single person. Ten years ago half 
that was shared by a whole department. 

Two other significant personnel changes were the 
departure of Professor M J Disney from the chairman-
ship of SAG (he was replaced by Len Culhane), and 
the confirmation of Patrick Wallace as Starlink Project 
Manager, a post he still holds. A paper on 'Starlink' 
written by Disney and Wallace appeared in May 1982 
in the Quarterly Journal of the Royal Astronomical So-
ciety. 

 and ASPIC were the big news on the soft-
ware front in those days. SPICA has long since been 
replaced by FIGARO, while ASPIC has now attained 
the status of 'senior citizen', along with a bus pass, 
cold weather allowance, and Christmas  in-
evitable end cannot be far off. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 
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Comings and goings 

Starlink regrets to announce that it has lost two 
of its nodes: Hatfield Polytechic and Lancashire 
Polytechnic. Happily, however, they have been re-
placed by two new nodes called the University of 
Hertfordshire and the University of Central Lan-

 the back page for their full addresses. The 
change occurred very smoothly; in fact all that was re-
quired was a reprinting of our address lists and a revi-
sion of some admin files. 

Richard Nicholson has replaced Michael Gar-
rett as manager of the Jodrell Bank node. Richard read 
Physics at Manchester and did a PhD at RGO/Sussex 
using Taurus data. He spent a year in industry working 
on ocean acoustics but happily escaped back to astron-
omy. Richard's wife Dee used to manage the UCL node 
in 1988/89, so  obviously runs in the 
family. 

Rolf Habing has replaced Brian Heaton as 
manager of the Kent node. Rolf is a Dutchman and 
did his 'doctoraal' degree at the Kapteyn Lab, Gronin-
gen. He then moved to Canterbury to do a PhD on 
an EC Science Plan Grant. His research background 
covers extra-galactic work (IRAS, Radio), Star forming 
processes, and interstellar chemistry. 

Graeme  has left his post as manager 
of the Imperial College node. Sunil Sidher is filling 
the gap as acting site manager there until a permanent 
appointment can be made. Sunil is no stranger to this 
position as he has looked after this node in the past. 

Martin Murphy is now the manager of the Ar-
magh site. Martin went to Queens University in Belfast 
and the University of Surrey. He talked to his first 
computers (Burroughs 1500 and Elliott 803) through 
the medium of paper tape and teletypes at the Post 
Office  headquarters in London. He joined 
Armagh Observatory in 1984. Recently he has experi-
mented with PCs as  Like many Starlink 
personnel, he has a passion for music. Paul Brown, 
who used to manage both the Armagh and Belfast sites, 
will now manage the Belfast site full-time. 

Andrew Broderick has joined the Project at 
RAL for a year as a sandwich-course student working 
for Brian  Andrew comes from Teesside Uni-
versity and is the first student to work for Starlink for 
many years. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 

ADAM comes to Silicon Graphics 

As part of the work of making ADAM a portable 
system, RAL acquired a Silicon Graphics workstation 
on loan for two weeks last summer. The aim was to 
see how much of the software could be ported to it in 
that time. Over the fortnight I spent about half of 
my time working on the port and at the end we had 
an ADAM kernel (all the source under the directory 

 that worked. There was not time to give 
the software a good test, and I had to cut a few corners 
to get things going in time, so the software is not in 
as good a state as that for the Suns and DECstations. 
However, even if the software is never used on a Silicon 
Graphics machine, the exercise was well worthwhile in 
showing up a few problems with the software. Of all 
the ADAM source only 38 files had to be changed, half 
of which were 'make' files. Many of the changes have 
already been incorporated into the ADAM software, so 
the next platform release should require less effort. 

Infrastructure software is all very well, but users 
need applications, so I also attempted to port one. I 
tried CCDPACK, which compiled first time. Unfortu-
nately I could not link it as it uses the NAG library and 
this was not available on the workstation. However, I 
have no cause to doubt that it would have worked had 
the NAG library been present. 

This exercise was useful in several ways. Firstly, 
it demonstrated the technical feasibility of porting the 
ADAM software to a Silicon Graphics workstation. 
There was never any doubt that this could be done, 
but it was encouraging to be able to achieve so much in 
a fortnight. Secondly, to assist in future ports, a report 
of the porting process will be written. Thirdly, we have 
a product that we can give to people who already have 
a Silicon Graphics workstation. It is not perfect, but it 
is still very useful. 

Finally, I should caution you that Starlink is not 
formally supporting Silicon Graphics workstations at 
present. It would be possible to do so in the future, 
but only if the benefits to Starlink users would out-
weigh the costs (for example in system management) 
of supporting an additional architecture. 

I would like to thank Peter Pearce of Silicon Graph-
ics for arranging the loan of the workstation. 

Peter Allan, Starlink, RAL 
RLVADr.PMA, pma@uk.ac.rl.star 
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G W M window names 

Alert users may have noticed, when using GKS-
based applications on a workstation, that the GWM 
window name changed from 'GKS_3800' to 'xwindows' 
some time ago (except for those using raw GKS). Also, 
the workstation names changed from 'xwindows2' to 
'x2windows'. In this context, the workstation name is 
the thing you type in when requested for a graphics 
device by an application, and the window name is the 
string that usually appears in the window title bar and 
is the name used in the 'xmake' and 'xdestroy' appli-
cations. The former change was made to enable GKS 
and  to use the same window. The latter change 
was made so that abbreviations such as 'x2w' result in 
unique names. Perversely, the resultant window name 
for a workstation name of  is 'xwindows2', 
and I offer no explanation for this piece of Starlinkism. 
The table below shows the current default translation 
between a GKS workstation name and the resultant 
window name. 

Workstation name Window name 
xwindows xwindows 
x2windows xwindows2 
x3windows xwindows3 
x4windows xwindows4 

  lay xwindows 
 xwindows2 
x3overlay xwindows3 
  

The workstation names on the left can be abbrevi-
ated to the shortest unique string, which is where names 
like 'x2w' come from. 

All these features are controlled by GNS, the 
Graphics Workstation Name Service (SUN/57), and 
version 1.4 has a couple of new features with relevance 
to GWM windows. 

The first is that the device name field of the work-
station name can be used to override the default win-
dow name. This will be a boon to those users who wish 
to have silly window names (in order to annoy Pat Wal-
lace). The device name field is appended onto the work-
station name using a semi-colon as a separator. For 
example, 'xw;bert' is turned into the workstation name 
'xw' and the window name  The above example 
results in an application using a GWM window with 
the name of 'bert ' instead of 'xwindows'. If the window 
does not exist when the application starts, one will au-
tomatically be created with the name  Remem-
ber 'xw;bert' is the thing to type in when prompted for 
a workstation name by an application, and 'bert ' is the 
name to use in the  and 'xdestroy' applications. 

The automatic creation of windows has posed a 
problem when a window with an overlay is required. By 
default, a GWM window is created without an overlay 
unless the overlay option is specified in the X defaults 
file or in the 'xmake' command. When prompted for a 

device by an application, the user had no way of asking 
for a window with an overlay. This can now be done 
by appending a ' + ' to the workstation name. Thus 
'xwindows+' or  will create a window with an 
overlay if the window does not already exist. 

Workstation names like  will now be recog-
nised. This has the positive advantage that the work-
station names resemble a bit of C or a Unix command 
and will confuse and impress anyone watching. What 
this example really means is open the  de-
vice with an overlay plane and call the window  
Clear as mud! 

Nicholas Eaton, Starlink, Durham 
DUVADr.NE, ne@uk.ac.dur.star 

The ghost of A D A M past 

Every so often, the ADAM support group gets to 
hear of someone complaining about the terrible ADAM 
software on the INT or JKT. 'If that's ADAM', they 
say, 'then I don't want to know.' Well rest assured that 
the software on the Perkin Elmer computers that run 
the INT and JKT is not ADAM; at least not in modern 
parlance. 

The software on the Perkin Elmer computers is the 
original ADAM that was developed at RGO. This was 
completely re-written at ROE as an instrument con-
trol system for  and it is this VAX/VMS based 
ADAM that forms the basis of the current ADAM sys-
tem. These days, of course, it runs on Unix as well. 
The modern ADAM system provides the infrastructure 
for the instrument control software for UKIRT,  

 and WHT, although the actual instrument con-
trol software is written at the observatories, not by 
Starlink. The same situation applies in the data re-
duction environment, where ADAM only provides the 
infrastructure that is used by application programmers 
who write packages such as ASTERIX, CCDPACK, 
KAPPA, etc. 

I do not wish to knock the poor souls at La Palma 
who have to maintain the Perkin Elmer software, nor 
the developers of the orginal ADAM system. In its 
day it was world-beating software. The ideas behind it 
still are, but the Perkin Elmer implementation is gen-
erally acknowledged to be well past its sell-by-date. I 
know that the staff at La Palma are planning to retire 
the Perkin Elmer computers, and apart from the odd 
twinge of nostalgia they will be glad to see the back of 
them. 

So, next time you get frustrated by some of the ec-
centricities and peculiarities of the Perkin Elmer soft-
ware, go and have a peek at the WHT in action. It is 
running ADAM. 

Peter Allan, Starlink, RAL 
RLVADr.PMA, pma@uk.ac.rl.star 
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Finding Starlink software and documents 

Starlink has a lot of software and documents in 
its Collection. Finding things can be a problem. The 
tables on the centre pages of this Bulletin should help. 

The one on the left gives a classified list of the 
items in the (VMS) Software Collection. This should 
help you find what software is available in a particular 
application area. 

The one on the right gives a cross-reference be-
tween the name of a software item and the documents 
that support it. Only Starlink Guides (prefixed G), 
Starlink User Notes (prefixed S), and Miscellaneous 
User Documents (prefixed M) are  these are 
the most important user documents. 

Example: If you were interested in Spectroscopy, 
the left hand table suggests you should investigate 
FIGARO. The right hand table then directs you to 
SUN/16, SUN/86, MUD/12, MUD/13, and MUD/14. 

M D Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 

The Unix Starlink software collection 

The Unix Starlink Software Collection (USSC) has 
grown considerably since the last article in this series 
appeared a year ago in Starlink Bulletin 8. The two 
main changes are the completion of those parts of the 
ADAM infrastructure required to run applications, and 
the release of a number of such applications, including 
major packages such as KAPPA and CCDPACK. 

A summary of the software currently available is 
listed in Tables 1, 2  3. The documentation available 
for these items is listed on the centre pages. Further 
information on the current status of the USSC can be 
found in  brief guide to the USSC which 
summarises the software available and references more 
detailed documentation. It is updated regularly as the 
USSC grows, so look out for the latest version. 

It has been necessary to port the ADAM libraries 
before the applications since the applications use these 
libraries. Hence, we have most of the ADAM libraries 
ported, but only a subset of the applications is currently 
available on Unix. Furthermore, the order in which ap-
plications are ported depends only to a small extent on 
the relative importance of the application, but mainly 
on more down-to-earth considerations such as who is 
responsible for the port, how easy the software is to 
port, and whether the programmer has good access to 
Unix hardware. 

Chris Clayton, Starlink, RAL 
RLVADr.CAC, cac@uk.ac.rl.star 

Table 1: Starlink applications available on Unix 

Mnemonic Name 
CCDPACK CCD data-reduction 
DAOPHOT Stellar photometry 
KAPPA Kernel applications 
PHOTOM Aperture photometry 
PISA Position, intensity and shape analysis 
SPECDRE Spectroscopy data reduction 

Table 2: Starlink libraries available on Unix 

Mnemonic Name 
ADAM/PAR ADAM parameter system 
AGI Applications graphics interface 
ARY Accessing ARRAY data structures 
CHR Character handling 
CNF C/Fortran interface 
EMS Error message service 
ERR/MSG Message and error reporting 
FIO Fortran  
GKS Graphical kernel system 
GNS Graphic workstation name service 
GRP Managing groups of objects 
GWM X graphics window manager 
HDS Hierarchical data system 
HELP Starlink portable HELP facility 
 Image display interface 
NAG Mathematical subroutines 
NCAR NCAR graphics utilities 
NDF Routines to access NDFs 
PGPLOT Graphics 
PRIMDAT Processing of primitive numerical data 
  interface 
REF Handling references to HDS objects 
SGS Simple graphics system 
SLALIB Positional astronomy 
SNX Starlink NCAR extensions 
TRANSFORM Coordinate transformation 

Table 3: Starlink utilities available on Unix 

Mnemonic Name 
A2PS ASCII files for PostScript printers 
ASTROM Basic astrometry 
ASURV Astronomical survival statistics 
 Celestial coordinate conversion 
EMACS GNU EMACS editor 
NEWS Starlink NEWS system 
RV Radial velocity corrections 
SPT Software porting tools 
TEX Document preparation system 
TPOINT Telescope pointing analysis 
VMSBACKUP VMS BACKUP tape reader 
XDISPLAY Easy use of remote  
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Spectroscopy with SPECDRE 

By the time this Bulletin arrives on your desk, ver-
sion 0.7 of SPECDRE should be on your workstations 
as well. Did I say VAX? No, I didn't, because it exists 
on VMS and Unix. SPECDRE stands for 'spectroscopy 
data reduction (and analysis)' and is documented in 
SUN/140. Some of you may have noticed that version 
0.6 has been on the VAXs since January, but version 
0.7 is all new. Well, some things are the same: all ap-
plications handle variances and bad values properly. 

The new features are that SPECDRE now uses the 
NDF library to access data, and it uses an extension 
to the NDF data format so that its applications can 
transfer more information between each other. The ex-
tension has a slightly more general scope in that the 
spectroscopist could put some information there. Us-
ing the NDF library also means that applications can 
work on subsets of data without really being aware of 
the fact. This comes in very useful when the Gaus-
sian fit routine insists on one-dimensional input data, 
but the spectrum is along the second axis of a 3-D cube. 
The user can specify a section of the cube, and the NDF 
routines will pass only that section to the application. 
If the section really is  the application will happily 
accept it for a spectrum. 

In some applications, a variable number of input 
NDFs can be specified. For example, resample accepts 
as many 1-D spectra for input as you like. The NDFs 
read can be specified as a list of NDF names (with sec-
tion), or with wild cards, or in a list file. This is the 
same feature that Peter Draper uses more extensively 
in CCDPACK (c.f. Issue 9, p. 11). 

Talking of resample, a considerable amount of re-
search was put into this routine. You should be aware 
that resampling (scrunching) is, in most cases, a con-
volution, and that the output pixels are no longer sta-
tistically independent of their neighbours. I reported 
on this in Issue 8, page 19. So resample will resample 
and average one or more spectra, and it will keep track 
of the pixel-interdependence created in the process. Fi-
nally, it will store somewhat simplified and compressed 
information on this in the output data file; more pre-
cisely, in the SPECDRE NDF Extension. If later you 
perform line fits on the resampled data with f  or 

  this information will be picked up and used 
to give a reliable fit parameter error estimate. 

Figure 1 (page 9) is an example produced with 
specplot . Error-bars are omitted only because they 
are too small to show. But it is really an example of 
using the fit routines. The black is the original spec-
trum: an arc spectrum taken with the Cooled Grating 
Spectrometer No. 4 (CGS4), then still in the ROE labs. 
The red line is a 7th-order polynomial fit to some flatish 
component in the data. The mask used to make the fit 
was not quite accurate, but this way you see that it is 
not just a parabola. The fit was done with f  
which stores its result parameters in the SPECDRE 

  i t was then used to make a data set 
from these parameters. That data set is plotted in red, 
and subtracted from the original data. Admittedly, I 
used another ADAM package, KAPPA, to do the sub-
traction. After subtraction, the continuum level is zero, 
and we can use f i t t r i to fit triangular profiles. There 
is also a f  but CGS4 produces instrumental 
profiles that are  f i t t r i and  also 
store their fit parameters in the SPECDRE Extension. 
The continuum-subtracted data are green dots, and the 
triangles were evaluated with  and plotted in 
blue. 

The SPECDRE Extension has much more in store. 
The spectrum shown is just one row of an image. You 
can fit one row after the other, and each time the result 
parameters are stored. In the end you have a coherent 
array of fit parameters to go with the image. Moreover, 
that array is actually an NDF. If you know its name, 
you can immediately, say, specplo t the centre position 
of the third component versus the row number. Or you 
can get an ASCII table of the parameters with  

You can imagine that storing information about 
line positions (in pixels) in the Extension is already half 
way to line identification and wavelength calibration. 
The location to store the laboratory frequency of the 
identified lines exists already in the Extension. You 
can put values in there by hand with  

The next task for me will be to put in a real 
length calibration. Then to add spectroscopy reduction 
absent from CCDPACK. Finally, SPECDRE should be-
come the spectroscopist's complement to CCDPACK 
and KAPPA. 

Horst Meyerdierks, Starlink, ROE 
 hme@uk.ac.roe.star 
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Figure 1. Part of an infrared arc spectrum taken with CGS4 at ROE; black: spectrum as reduced beforehand; red: 
7th-order polynomial fit to the union of five mask intervals; green: polynomial fit subtracted; blue: 3-component 
triangular fit with the condition that the line widths have fixed ratios. Plot produced with SPECDRE on an X-
windows workstation. Hardcopy on Inkjet printer produced with IKONPAINT. 

Hitchhiker camera 
The Hitchhiker camera (HH) has been running for 

more than a year and we have now collected over 1.5 
Gbyte of data. The first year's data have been fully 
reduced and are being analysed. We have also started 
collecting  data. Hitchhiker is installed on 
the WHT and is an off-axis CCD camera which views 
the same region of sky in two broadband colours simulta-
neously. This occurs while the on-axis observer is doing 
long integrations using ISIS. The CCDs are  arc 
minutes across and lie 7 arcminutes from the telescope's 
optical axis. 

One of our main research interests, here at Cardiff, 
is to find and study the properties of Low Surface 
Brightness Galaxies (LSBGs). These are galaxies which 
have a very low contrast against the background sky, 
making them very difficult to detect. One large uncer-
tainty is the true number of these galaxies, so a large 
missing population could exist. 

Figure 1 (page 10) shows a mosaic of an LSBG, 
found on one of our HH frames, as seen in the four 
colours B, V, R and I. The two frames on the right (V 
and I) have an exposure of 88 minutes, and on the left 
(B and R) an exposure of 10 minutes. The pixels are 
0.3 arcseconds square. The mosaic was produced using 
the package RGASP, the colour map using KAPPA. 

Figure 2 (page 11) shows the corresponding surface 
brightness (SB) profiles for the four filters. Using these 

profiles we obtain colour information for a galaxy as a 
function of radius. We can check to see if LSBGs have 
a colour gradient at different radii, or if there is any 

 relationship. The three numbers in the pro-
files correspond to extrapolated central surface bright-
ness, scale length, and magnitude. The central surface 
brightness is obtained by fitting an exponential using 
RGASP. This is an 'estimated' value for a galaxy with a 
pure disk. A 'normal' galaxy has a central SB of around 
21.5  in the B band, but galaxies have been detected 
with a central SB of 26  The scale length is the 
slope of the exponential profile. This corresponds to the 
radius distance travelled for a drop of one magnitude. 
The magnitude is the total intensity derived from the 
fit. From the profile fits we find the galaxy has the fol-
lowing colours: B - V = 0.8, B - R = 1.2 and B - I = 
1.8. This closely resembles an Sa type spiral galaxy; of 
course its surface brightness is significantly lower than 
is 'normal'. 

The poor blue filter profile is because CCDs re-
spond poorly in the blue band and also the exposure 
was relatively short. We have many more targets that 
we are now processing in a similar way to that described 
above. We would like to thank all on-axis observers for 
their kind permission in the collection of this data set. 

Ian Morgan, Cardiff 
CARDIFr.IXM,  
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Figure 1. A mosaic of a Low Surface Brightness Galaxy found on a Hitchhiker camera frame, as seen in the four 
colours B, V, R, and I. The two frames on the right (V and I) have an exposure of 88 minutes, and on the left (B 
and R) of 10 minutes. 
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The ROSAT data archive centre 

This autumn will see the opening of the ROSAT 
Data Archive Centre  at Leicester University, 
an important new resource for the UK astronomical 
community. The remit of the  is to make the data 
and results from the pointed observation programme 
of the ROSAT spacecraft fully accessible to UK as-
tronomers. The RDAC will also provide advice and 
information on ROSAT, and provide data analysis fa-
cilities for UK astronomers visiting the centre. 

ROSAT is a highly successful international collab-
oration between Germany, the USA, and the UK. The 
spacecraft was launched on 1st June 1990 and, following 
a six month all-sky survey, began a pointed observation 
programme. In the pointed programme, 12% of the ob-
serving time is available to UK-led proposals. The prin-
cipal investigator has exclusive data rights over his/her 
observations for one year (counting from the time the 
data were distributed with adequate calibration infor-
mation). After this proprietary year there is interna-
tional agreement that the data become publicly avail-
able, ensuring maximum scientific return from the mis-
sion. The volume of data accessible to UK astronomers 
will thus increase very rapidly as the remaining 88% of 
the data enter the public domain. 

The instruments on ROSAT are designed to pro-
duce imaging, spectral, and timing information on as-
tronomical sources in the extreme ultraviolet and soft 
X-ray wavebands. The main instrument is the German 
X-ray telescope (XRT), which can have one of two de-
tectors placed into the field of view (FOV): the German 
Position Sensitive Proportional Counter (PSPC), or the 
US High Resolution Imager  The PSPC operates 
in the range 0.1 to 2.4 keV, has a spectral resolution of 

 40% at 0.1 keV, and an angular resolution of  25 
arcsec (FWHM) at the centre of the FOV. The HRI 
(similar to the Einstein HRI) operates over a similar 
energy range, has no spectral resolution, but has an an-
gular resolution of  2 arcsec (FWHM) at the centre of 
the FOV. The UK provided an additional telescope, the 
Wide Field Camera (WFC), coaligned with the XRT, 
designed to image the sky in the extreme ultraviolet 
waveband (60 to 200 eV) with an angular resolution 
of  1.4  (FWHM). Some spectral capability is 
provided by a set of filters with narrow passbands. 

The scientific potential of the archive data from 
the ROSAT pointed observation programme is enor-
mous. Around 80% of the observations are performed 
with the PSPC in the focal plane of the XRT. This 
is a highly sensitive instrument with a generous  3 
sq.deg. FOV, and most observations result in the de-
tection of several dozen serendipitous X-ray sources in 
addition to the original scientific target. (Observations 
with the HRI yield smaller numbers because of its lower 

 ROSAT archive centres are also being set up by  col-
leagues in Germany (at MPE, Garching) and in the US (at the 

 at GSFC). 

sensitivity and smaller FOV, and the return from the 
WFC is limited as the detector suffered a sensitivity loss 
some months after launch.) ROSAT typically makes 

 100 pointed observations per month, or around 1200 
per year, so that the number of serendipitous X-ray 
sources detected is growing at the rate of well over 
20,000 sources per year. The gas supply on the PSPC 
is expected to be exhausted at the end of 1993 (after 
which the HRI will be the sole instrument on the XRT), 
so the complete archive will eventually contain data on 
at least 60,000, and maybe more than 100,000 X-ray 
sources. 

Since ROSAT has the sensitivity to detect and 
measure the X-ray spectra of celestial objects ranging 
from planets to normal stars, interacting binaries, su-
pernova remnants, normal galaxies, active galaxies and 
clusters, not to mention the ability to image extended 
sources including the hot ISM and the diffuse X-ray 
background, there is clearly a very wide scope for as-
trophysics research based on the archive. 

Initially, the archive will consist of only the photon-
event data (plus required auxiliary files) and images 
from each observation. However, once enhancements 
to the analysis software have been completed, processed 
products, such as spectra, time series, and source lists, 
will also be made available. Astronomers will be able 
to access the archive data by requesting a copy of the 
data to be sent on tape, but the RDAC will also offer 
an on-line service which will be based on the EXOSAT 
Database Management System (EDBMS) already in-
stalled at Leicester to provide access for the UK com-
munity to a number of other databases. The EDBMS 
will provide comprehensive access to the archive, in-
cluding the ability to extract the required datasets in 
real time so that they can be copied to the user's home 
institute over the network. Users will be able to log-
in to the RDAC user service from any Unix machine 
on JANET (using the new JANET Internet service) or 
from any VAX/VMS system via DECNET. Over the 
next year or so, upgrades to UK computer networks will 
enable many interactive analysis tasks  image dis-
play and analysis) to be conducted remotely. However, 
users may wish to benefit from the experience of  
staff, and others based in Leicester, with ROSAT data 
analysis by visiting the centre itself. Much of the devel-
opment of the ROSAT science data analysis software 
(through packages such as ASTERIX) has been car-
ried out at Leicester, and both the Starlink X-ray and 
Database programmers are based here. 

The accompanying Figure (page 13) shows six ex-
amples of ROSAT imagery. Further information on the 
RDAC is available from Mike Watson, the RDAC man-
ager, or Steve Sembay, the RDAC support scientist. 

Steve Sembay, Leicester 
LTVADr.SSE, sse@uk.ac.le.star 

Mike Watson, Leicester 
LTVADr.MGW, mgw@uk.ac.le.star 

mailto:mgw@uk.ac.le.star
mailto:sse@uk.ac.le.star


Figure 1. A selection of ROSAT-PSPC and  AT-HRI X-ray images. Clockwise from top left: PSPC image of 
M82; HRI image of Cas A supernova remnant; full field of view PSPC image of deep quasar field; PSPC image of 
galaxy cluster A2142; PSPC image of  1006 supernova remnant; full field of view PSPC image of Hyades cluster. 
Data reproduced by kind permission of investigators. 
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Imaging faint features of galaxies 

 

 

Figure 1: Left: Normal contrast image from the  array of the pair of galaxies comprising NGC 5215. A 
connection between the two galaxies can be seen, and there are tidal tails on each galaxy at the opposite end to this 
connecting filament. North is to the top and east to the left. Right: High contrast image covering same field. The 
shape of the common halo can be seen, and a strange linear feature apparently detached from the system can be 
seen to the north of the pair. 

The regions of galaxies which are normally investi-
gated comprise only a small part of the total apparent 
area occupied by the galaxy. Early-type galaxies (cDs, 
ellipticals, lenticulars) are surrounded by extensive low 
surface brightness haloes, and even late-type galaxies 
(spirals, irregulars) may have some faint material asso-
ciated with them, especially when they are involved in 
an interaction with another galaxy. Extensive luminous 
haloes of galaxies are of interest in connection with the 
'dark matter' problem, especially as the matter detected 
in these haloes must be  Although the amount 
of luminous baryonic mass inferred to be present in these 
outer regions of galaxies is not sufficient to remove the 
need for 'dark' non-baryonic material (which is required 
by inflationary cosmological theories), this halo mass is 
nearly always of the order of, or greater than, the mass 
of the bright central regions. The morphology of the 
halo may be entirely different from the morphology of 
the central regions, hence the classification of galaxies 
into morphological types based only on the appearance 

of their central regions (which contain only a fraction of 
their mass) is misleading. 

Digital APM scans of a 4 x 4 deg2 area from eight 
dark sky-limited  Schmidt plates centred on the 
giant elliptical galaxy  4296 have been co-added as 
part of a programme to investigate the shapes of and 
amount of material in the outer haloes of all galaxies in 
this field and to discover unusual structures of low sur-
face brightness material associated with galaxies or the 

 The  was carried out using the software 
package EDRS (part of ASPIC) at the MAVAD node, 
and subsequent imaging and investigation has utilised 
the packages FIGARO, KAPPA, and RGASP, and some 
of the software associated with the APM machine pro-
duced by the Cambridge APM group. The co-addition 
of eight plates gives a signal-to-noise increase of a factor 

 for faint features just above sky brightness level, as 
compared with that of a single plate scan. In the co-
added array, the haloes of galaxies can be mapped to a 

 surface brightness of  27 mag  
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Figure 2. Isophote map of the same field, drawn using the CONTOUR command in the Starlink KAPPA package. 
The outer contour is at   27 mag arcsec- 2 . The shape of the common halo at varying intensity levels can be 
seen, as can the detached filament and the extension of the halo to the south, and the connecting filament between 
the galactic nuclei. Note how the distended contours of stars becoming unbound from the system trail the motion of 
their parent galaxies. The region of the common halo has been CLEANed of stars. 

The Figures show some images of NGC 5215a and 
b from the co-added array. This is a clearly interact-
ing pair of lenticular galaxies which are members of the 

 4296 cluster. They are at a recessional velocity of 
 4000  and the eastern galaxy is moving away 

from us at  175 k m s - 1 with respect to the western 
one. The pair are seen to be involved in a strong tidal 
interaction. In the plane of the sky, they appear to be 
revolving in an anti-clockwise direction about their com-
mon centre, with tidal tails seen on both of them which 
trail the orbital motion of the central regions. Distor-
tions of the isophotes confirm this motion of the pair. 
The isophotes of the outer regions are seen to be of a 
very different shape from those of the inner regions. The 
common halo of the pair is seen to be particularly ex-
tended to the south, while to the north there is a low 
surface brightness filament which does not appear to be 
physically connected with the common halo at this sur-
face brightness level. Presumably, the halo extension 
and filament indicate the preferred escape directions of 
stars which have been released from the system. 

Many other galaxies in the co-added array have pro-
duced interesting results, and the process of investiga-
tion is still continuing. Results of particular interest in-
clude the detection of a  x 200 kpc halo surrounding 
the cD galaxy MCG 05-33-002, which possibly contains 
10 times as much mass as the nucleus; a possible 'shell' 
feature associated with a very late-type spiral galaxy; 
spectacular 'trails' associated with an elliptical; and the 
mapping of the warped disk of an edge-on spiral galaxy. 
It is clear that the study of faint material associated with 
galaxies, whether present generally as halo material or 
as filamentary structures, will considerably aid our un-
derstanding of single and interacting galaxies, and will 
have implications for studies of galaxy clustering and 
dark matter. 

Simon Kemp, Belfast 
  

John Meaburn, Manchester 
MAVADr.JM,  
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STARLINK SOFTWARE 
Applications Astronomical Utilities NOCBS 

PAD AUDIT 
CBS error reporting 
PAD auditing 

Image Analysis & Photometry Archive Access PSSMB 
LOG 

Postscript print symbiont 
Logical names 

KAPPA Kernel applications 
DAOPHOT Stellar photometry 

 IUE archive 
USSP  

EMAIL 
COLDMON 

E-mail help 
Program monitoring 

STARMAN Stellar photometry 
PHOTOM Aperture photometry  support 
RGASP Galaxy photometry 
PISA Object finding 

Data Copying & Format Conversion SPAG Fortran code improver 

STARCON Format conversion LIBMAINT 
 
FORCHECK 

Library maintenance 
Library maintenance 
Fortran program checker 

Spectroscopy EDFITS Copy FITS tapes 
WFCSORT Format conversion 

LIBMAINT 
 
FORCHECK 

Library maintenance 
Library maintenance 
Fortran program checker 

FIGARO General FORMCON Format conversion STARLSE  editor 
SPECDRE General GENERIC Generic Fortran routines 

 General TOOLPACK Software tools 
SAM General Observation Preparation etc SPT Porting tools 

 Absorption profiles 
HRTS NRL high-res telescope 

 Absorption profiles 
HRTS NRL high-res telescope COCO Coordinate conversion 

CHART Finding chart 

Specific Wavelengths 
ASTROM Astrometry 
RV Radial velocity correction Subroutine Libraries 
RPS Submit Rosat proposals 

ASTERIX X-ray ECHWIND UCL  spectrograph Astronomical & Mathematical 
SPECX mm-wave TPOINT Telescope pointing analysis 

 Radio-wave APLATE Aperture plate preparation NAG Numerical maths & statistics 
 Radio-wave AATGS Guide probe predictions SLALIB Positional astronomy 

PATTLOAD PATT forms  LaTeX JPL Solar system ephemeris 
OBSERVE Check star observability TRANSFORM Coordinate transformation 

Specific Instruments 

CCDPACK CCD 

MEMSYS Maximum entropy Specific Instruments 

CCDPACK CCD 

MEMSYS Maximum entropy 

SCP CCD Data Management 
IRCAM UKIRT 
  
HXIS SMM 
IRAS IRAS 

General Utilities 
NDF Access NDF objects 

IRCAM UKIRT 
  
HXIS SMM 
IRAS IRAS Document Preparation & Search HDS Hierarchical date system 
  PRIMDAT Process primitive data 

• TEX Document typesetting ARY Access ARRAY objects 

 DOCFIND Starlink document search REF Reference HDS objects  
STEVE   editor CHI Catalogue handling 

FITSIO    disk 
TSP Time-series & Polarimetry 

Graphics 
FIO Fortran  

General Purpose 
MONGO Interactive plotting Graphics 

ASPIC General IKONPAINT   (GWM) to Inkjet 
 General QDP Quick & dandy plotter PGPLOT High-level 

 General VSHC Hardcopy of display GKS Low-level 
MIDAS General HONEY Honeywell camera output SGS Simple 

 High-level 
GNS Workstation name service 

Statistics Device & Data Handling AGI Graphics database 
 Image display interface 

GENSTAT General TPU Magnetic upe GWM X window manager 
CLUSTAN Cluster analysis LZCMP File compression 
ASURV Data with upper limits TAPECOPY Magnetic tape 

CDCOPY CDROM Other 
XDISPLAY Xwindows setup 

Database Management TAPEIO Magnetic tape handling 
CHR Character handling 

CATPAC Catalogues & tables Mathematical EMS Error message service 
SCAR Catalogues HELP Interactive help system 
REXEC Relational MAPLE Mathematical manipulation CNF  programming 

 Posix interface 

Utilities Operational 
ARGS Support 

CONVERT Format conversion NETWORK  utilities 
TRACE HDS object listing QUOTAS Disk quotes ARGSLIB ARGS manipulation 
SST Simple software tools NEWSMAINT News maintenance ARGSMAC ARGS programming 
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STARLINK DOCUMENTS 
AAOMAIL S36 GWM  POST S36 
AATGS S6 HDS S31,39,92,102 PREVIDAT S39 
ADAM G4,6S101,104 HELP  PSSMB S131 

S113,115,134,144 HONEY S72  S121 
AGI S48 HRTS S138 QDP  
 M101 HXIS S76 QUOTAS S49 
ALLSTAR   G5 REF  
   S65 M28 REXEC S97 M63,64,65 
APLATE S89  M29,30,31 RGASP S52, M66 
ARGSLIB S10 IDXTEX M51 RIO  
ARY  IKONPAINT S71 RPS S18 
ASPIC Gl  INTERIM S4 RUNSTAR S4 
  IPCSIN S3 RV S78 
 S5  M104,105 SAM  
ASURV  IRAS S60,80,81,82,91 SCAR  
CATPAC  S116   
CCDPACK S139 IRASLRS  SGS S85,113 
CDCOPY S69   SHOWNET S36 
CDS  IUEDEARCH S58 SIMBAD M7 
CHART S32   S37  M107 
CHI S119 M45,46,47 SLALIB S67 
CHR S40 JPL S87 SNX S90 
CLUSTAN  JTMP S112 SPAG S63 M127 
 S56 KAPPA S95 SPECDRE  
CONVERT S55 LATEX S9,12M48,49,50 SPECX  
CRDD S91 M51,79,80 SPT  
DAOPHOT S42  LIBMAINT S99 SST  
DECWINDOWS M108  S8 STARCON S96 
 S50 LOG S135 STARLSE  
DOCFIND S38 LRSEXT S81 STARMAN S141 
DRPLOT S13 LZCMP S25 STEVE  
DSCL S74 MAILCLUB S84 TALK S36 
DVIDIS S9 MAPLE  TAPECOPY S47 
DVICAN S9 MEMCRDD S116 TAPEIO S21 
DVIPRI S9 MEMSYS S117M53 TAUCAL  
 S9 METAFONT M79 TEX S93 M72,73,126 
  MONGO  TOOLPACK S75 M74 
ECHWIND S53 MSG S104 TPOINT  
EDFITS S43 NAG S28 M55,56,57 TPU S68 
EDRS  M128 TRACE  
EMACS S34 M102 NAGRAF S29 M58 TRANSFER S36 
EMS S104 NBS S77 TRANSFORM S61 
ERR S104 NCAR  TSP S66 
ESPS M103 NDF S33 TWODSPEC S16 
FIGARO S16,86M12,13,14 NDPROGS S19 ULDA S20,  
FIO  NETSHOW S36  S20 M75,76,77 
FITS M15 NETWORK S36 M78 
FTTSIO S136M16   VAXNOTES S44 
FORCHECK S73 M17 NOTICEBOARD M106   
FORMCON S3 OBSERVE  VICARIN S3 
GDP M62 PAD S36 VMSBACKUP S151 
GENERIC S7 PATTLOAD S22 WFCSORT S62 
GENSTAT S54 M18,19,21,22 PGPLOT S15M61  S9 

M23,24,25 PHOTOM S45 XDISPLAY  
GKS  PISA S109 XSPEC  19 
GLOTEX M50 PLT M62 
GNS S57 PLUSFORT M127 

  M=MUD  
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Star formation 

Starlink software, in particular image manipula-
tion packages, can be useful to numerical astronomers. 
At Cardiff we are finding the ADAM package KAPPA 
to be an extremely efficient tool in the analysis of the 
data produced by our numerical simulations. 

These simulations use a particle-based scheme to 
model the supersonic collisions between interstellar 
clouds and the star formation which ensues. To cal-
culate the gravity we use a hierarchical N-body algo-
rithm known as a treecode. In this method, the grav-
itational force on a particle is calculated by a direct 
summation over nearby particles, but more distant ones 
are grouped together and their contribution evaluated 
via a multipole expansion about the centre of mass of 
the group. (A tree data structure is used to store the 
particle grouping  the name treecode.) 
To calculate the hydrodynamic forces we use smoothed 
particle hydrodynamics (SPH). In this method, parti-
cles are treated as being at the centre of a small vol-
ume, and the hydrodynamic force on a particle is then 
found by performing a weighted summation over the 
particles within this volume. Hence, the resolution of 
the method is the size of this smoothing volume. This 
value, however, varies as a local function of density, 
such that in high density regions the smoothing vol-
ume is small compared to its value in the low density 
regions. This ensures that we have high resolution in 
the regions that most need it. The computer code that 
combines these two algorithms is fully Lagrangian, 3D, 
has been extensively tested, and can handle a density 
range of 1010. 

Using this code on a Sun 4/360 we have been able 
to simulate cloud-cloud collisions using 4, 000 particles 
(see the article in the September 1992 issue of Nature). 
Figure 1 (page 20) shows the result of a Mach 3 collision 
of two 2 x 105 AU, 75  clouds at an impact parameter 
of b = 4 x 104 AU. The resulting protostellar disc has 
radius  400 AU, and mass of  20  The spiral 
arms are excited as it attempts to redistribute angular 
momentum. This particular simulation took about two 
days CPU-time on the Sun. 

Figure 1 is a 200 x 200 pixel plot of the column 
density. If this protostar were situated in the vicinity 
of, say, the star formation region in Orion, each pixel 
would correspond to a 0.005 x 0.005  (10 x 10 
AU2) resolution. To produce this figure we use a pro-
gram to interpolate the particle information onto a two-
dimensional grid by summing the contribution of each 
particle to the column density along the  to 
each grid point. We then convert these pixel data to 
HDS format and use the standard KAPPA facilities to 
look at the results. In this way we are able to overlay 
contours on the image, and use IKONPAINT to get  
hard copy. 

Using the Cray X-MP and Cray Y-MP at the At-
las Centre of the Rutherford Appleton Laboratory en-
ables us to use larger particle numbers, and to simulate 

the collision of higher mass clouds. Figure 2 shows the 
result of a Mach 3 collision of two 2 x 106 AU, 750 
M© clouds at an impact parameter of b = 6 x 105 AU. 
Here there are two protostellar  this point in 
the simulation their spiral patterns are synchronised by 
tidal interactions. The discs have masses of 25 and 30 

 and radii 700 AU. When the simulation ended they 
had completed about 6 orbits. This ran on the Cray Y-
MP, using 30, 000 particles. Again, KAPPA was used 
to display the results. The pixel resolution of this im-
age is 100 x 100 AU2 which corresponds to 0.05 x 0.05 
arcsecond2 at the distance of Orion. 

Figure 3 shows the result of a Mach 5 collision of 
the same two clouds. The higher Mach collision pro-
duces a more compressed layer which fragments into 
a number of protostellar systems. Filamentary struc-
ture is often seen in observations of star formation re-
gions, but its formation mechanism is unknown. The 
filaments here have arisen naturally, and are the re-
sult of the collapsing and fragmenting compressed layer. 
Along each filament there are several protostars similar 
to those shown in Figures 1 and 2 with similar radii and 
masses (between 5 and 30  Some are single, again 
with spiral arms, others form part of multiple systems 
and have completed more than a few orbits. 

It is this result that demonstrates the benefit of us-
ing an imaging tool like KAPPA. This particular frame 
contains 600 x 600 pixels. Each pixel is 350 x 350 AU2 

which would correspond to a 0.2 x 0.2 arcsecond2 pixel 
resolution if situated at Orion. With KAPPA, we do 
not have to build a column density frame selectively for 
each protostellar system: we can produce a high reso-
lution frame of the whole region, and use the zooming 
facilities to look at the individual systems. To demon-
strate this, we display in Figure 4 a close-up of one 
of the protostellar systems shown in Figure 3. It has 
less resolution than Figure 1 and 2, but the individual 
systems can still be made out. 

The introduction of ever faster computers enable 
numerical astronomers to simulate increasingly realis-
tic physical conditions. This means that the end results 
are also more realistic (assuming the correct model was 
used) and require longer data reduction times. The sim-
ulation shown in Figure 3 took around a day of CPU-
time on the Cray Y-MP and will take a few months to 
reduce. This should be compared with the observer who 
has a few nights of telescope time each year (if he/she 
is lucky), but requires a year to fully analyse the data. 
Therefore packages such as IRAF and KAPPA will in 
time become as essential to the numerical astronomer 
as they are to the observer. 

We would like to thank Vince  for his help 
with KAPPA. 

Simon Chapman, Cardiff 
  

Jacob Turner, Cardiff 
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Figure 1. Protostellar disc with spiral arms (magnified by 100). 
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Figure 2. Protobinary with synchronised spiral arms (magnified by 400). The third component in the system is 
about 4  and has only completed half an orbit — its fate is unknown. 
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Figure 3 . Filaments and protostars (magnified by 10). Each high density region corresponds to a rotating protostar 
or protobinary similar to those shown in Figures 1 and 2. 

Figure 4. Close-up of one of the protostars shown in Figure 3 (magnified by 60). 
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Imaging polarimetry of the  
nebula M Z 3 

The post-main-sequence evolution which links AGB 
stars, Mira variables,  sources and fully-fledged 
emission line planetary nebulae (PNs) involves a tran-
sient phase in which proto-planetary nebulae (PPNs) 
are formed. This phase is only short-lived, typically 
a few thousand years, and the few known PPNs rep-
resenting this stage of evolution have similar and un-
usual characteristics. The common morphology is bipo-
lar (sometimes called bowtie or butterfly) with a cen-
tral star illuminating, and exciting, two diametrically 
opposed lobes of nebulosity. In the very young PPNs 
(e.g. CRL2688) the central star is totally obscured from 
direct view by a dense circumstellar disc, but light can 
escape along the poles of the disc to create the nebular 
lobes which are seen by reflected light. In the interme-
diate aged PPNs (e.g. IRAS 07131-0147) the circum-
stellar material has been sufficiently dispersed to reveal 
the central star which again illuminates a bipolar reflec-
tion nebula. In an aged PPN (e.g. MZ3 or M2-9), the 
central star partially ionises the surrounding medium 
to create a nebula which is seen both in reflection and 
emission. In a PN the central star is stripped of cir-
cumstellar material and the radiation from the nebula 
is totally dominated by emission from a hot gas. 

Whenever light is scattered by dust grains it is lin-
early polarised with orientation perpendicular to the 
plane defined by the incident and outgoing (scattered) 
light. In situations where there is a single central star 
illuminating circumstellar material to form a reflection 
nebula, the polarisation orientation at any point in the 
nebula is always perpendicular to the radius vector to 
the star and this leads to the characteristic circular 
patterns found in polarisation maps. The levels and 
distribution of polarisation in a reflection nebula yield 
information on the geometry of the system and the 
properties of the dust grains, particularly their size. 
The Durham CCD imaging Polarimeter maps the lin-
ear polarisation of astronomical objects and we have a 
programme to investigate the polarisation properties of 
PPNs in various evolutionary states. The CCD data are 
analysed on the Durham Starlink node and the group's 
Vaxstation 3100, using a suite of programs originally 
written by Rodney Warren-Smith and presently main-
tained by Tim Gledhill. We have already published 
results on two 'young' PPNs  - 1990, 

 243 , 462  IRAS0731-0147 -
1990, Mon.Not.R.astr.Soc, 245, 484) which suggest 
the nebular lobes are in the form of hollow cavities cre-
ated within an extensive envelope. 

Recently we have looked at 'older' PPNs, close to 
the PN stage, and we present results for one of these, 
MZ3, in this contribution. Figure 1 shows an inten-

sity/brightness image and polarisation and intensity 
contour maps, taken with a V filter which transmits 
both continuum and emission line radiation. The cen-
tral frame shows a false colour brightness image with 
superimposed contours; the system is bipolar with two 
lobes of nebulosity illuminated and excited by the cen-
tral star, which is clearly visible. 

The left- and right-hand frames are polarisation 
maps. At each point in the nebula the measured po-
larisation is represented by a line whose length is pro-
portional to the level of polarisation and orientation 
parallel to the  of the polarised light. Since 
MZ3 is an older PPN we expect it to be seen by a com-
bination of emission line radiation, which is produced 
by the hot gas in the nebular lobes and therefore 
larised, and reflected central starlight which is polarised 
and expected to give the characteristic circular pattern. 
The left hand frame shows the initial polarisation map 
and, although there is significant polarisation through-
out the nebula, the pattern is far from circular. This 
non-circularity is due to the fact that there is an ex-
tra polarised component due to the dichroic effects of 
the intervening interstellar medium (ISM) which extin-
guishes the light from MZ3. In the right hand frame 
we have corrected for the effects of the ISM, and the 
pattern returns to the circular one expected for a sim-
ple reflection nebula illuminated by a central star. The 
levels of polarisation vary considerably throughout the 
nebula; there is a distinct lack of polarisation in a 12" 
circular region centred some 6" S of the star, whereas 
outside this region the polarisation reaches  25 — 30%. 
There are similar variations to the N of the star. These 
regions of low polarisation represent the areas where 
the dominant source of light is the unpolarised emis-
sion from the hot gas, whereas the polarised regions 
highlight the reflection nebula. 

Current models of the formation of PPNs (see, 
for instance,  et  1989, Asir. J., 97 , 462,  
Astr. Astrophys., 2 1 1 , 409) propose that during the 
PMS evolution the red giant ejects a dusty asymmet-
rical envelope, and a later fast and channelled wind 
blows cavities or 'bubbles' in the pre-existing envelope. 
We identify the circular region of low polarisations in 
our map with such a cavity or bubble. In Figure 2 
we give a sketch of the geometry for MZ3 which ex-
plains our polarisation results in terms of these cur-
rently favoured hydrodynamical wind models. The un-
polarised emission light originates mainly in the tenu-
ous gaseous medium within the cavity due to excitation 
by radiation from the central star, while the scattered 
polarised light comes from the cavity walls where the 
dust has been 'snowploughed' by the excavating fast 
stellar wind. The differences between the N and S lobes 
are due to a tilt of the system with respect to our line 
of sight. 
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Figure 1. Imaging polarimetry results for the  nebula MZ3. Centre frame:  colour brightness 
and contour map illustrating the bipolar morphology. Left frame: A polarisation map without correction for inter-
stellar polarisation. Right frame: The polarisation map after correction for interstellar effects. Although the map 
shows the circular pattern expected for a simple refiection nebula, the levels of polarisation vary quite considerably. 
Note the circular region of low polarisation to the S of the star; we identify this with a bubble blown by a stellar 
wind in the large scale dusty envelope surrounding the star. Peter Draper and Nick Eaton (Starlink, Durham) are 
thanked for their assistance in producing this figure. 
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A MODEL FOR MZ3 
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Figure 2. A sketch of the geometry  which explains our results and is consistent with current models of PPN 
formation. A channelled wind from the central star has blown cavities or bubbles in the pre-existing RGE and the 
illumination of the walls where the dust has been concentrated by snowplough effects creates the refiection nebula. 

Although we have not gone into great detail in the 
interpretation of our results for MZ3, it can be seen 
that polarisation mapping gives quite a novel insight 
into the geometry of nebulae, and we have further data 
on a range of PPNs to see how their structures change 

with evolutionary status. 

Mike & Rob Scarrott, Durham 
DUVADr.SMS,  

Ray Wolstencroft, ROE 
REVADr.RDW, rdw@uk.ac.roe.star 
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Isophote twists in the nuclei of barred 
spiral galaxies 

Central to any understanding of the formation and 
subsequent evolution of spiral galaxies is the rôle played 
by bars. Without doubt, one of the clearest conse-
quences of barred potentials comes from those galax-
ies undergoing enhanced nuclear star formation, partic-
ularly   1097, NGC4321, NGC5728— 
possessing circurnnuclear rings (CNRs). Combined 
servational and theoretical studies of gas dynamics in 
such potentials have suggested that these rings form in 
the region of the inner Lindblad resonances  The 
accumulation of molecular gas at such resonances acts 
as a source for subsequent enhanced star formation. 

Isophote twists have also been noted previously in 
the centres of barred potentials1, and a link has been 
suggested between these and CNRs2. However, to date 
only observations of early-type systems have been un-
dertaken, and no attempt has been made to determine 
the influence of extinction on the observed morpholo-
gies.  we present  photometry within the 
central regions of the barred spirals  1097 (Sbc), 
NGC4736 (Sab), and NGC5728 (Sb). The observed 
isophotes (Figure 1) show striking twists with respect 
to the position angles of the principal bar/lens compo-
nents. In NGC1097 and NGC5728 such twists are im-
mediately interior to the radii of known CNRs. These 
isophotal twists appear the most unambiguous and ex-
treme detections in any barred spiral later than SO/a. 

Our observational data comprise K-band   
frames from the IRCAM  pixel  array cam-
era) on UKIRT at all available pixel scales, and in-
tegration times of 180-400 sec. Position angle pro-
files derived from ellipse fitting to these data are given 
in Figure 2. The derived twists between the princi-
pal bar components and the inner elongated isophotes 
are ~100° in NGC1097, 82° in NGC4736, and 63° in 
NGC5728. 

It is unlikely that these twists reflect the presence 
of inner misaligned bulges because of the extreme 
ticities found at the points of maximal isophotal twist-
ing. Moreover, a contrived radial variation in bulge:bar 
luminosity ratio would be required in each case to de-
scribe these data. As we argue below, such a morphol-
ogy can be understood solely as a consequence of the 
influence of a barred potential on the stars in each sys-
tem. 

Interpretation 

Extensive theoretical investigations have succeeded 
in identifying the important stable orbital families 
within a barred potential. In weak-intermediate strength 
bars there exist two ILRs. The (stable) x2 orbital fam-
ily dominates between the ILRs and are orthogonal to 
the main bar. The observed isophote twists may there-
fore reflect motions of stars along the x2 orbits since 

the twists are inside the  corresponding 
to the outermost  

Calculations assuming linear geometries in planes 
oriented at the inclination angles of these three galaxies 
suggest that projection effects can indeed account for the 

 of the twists in Figure 1. However, 
such an explanation fails to account for the  twists 
seen in  whilst no purely stellar N-body sim-
ulations of bars conducted to date yield strong or stable 
twists due to rapid heating of the stars by the barred 
potential. 

An alternative interpretation comes from consider-
ing the influence of a central massive object on gas flows 
within a bar. In such a situation, gas interior to the ILR 
can form a disc-like structure. This structure can de-
couple from the main bar if it has sufficient mass, and 
can develop independent bar instabilities4. (The effects 
of star formation are neglected in these models.) In or-
der that the two bars do not interact and perturb one 
another, the two angular speeds must be very different 
(by a factor  i.e. such that the ILR of the main 
bar coincides with corotation of the inner bar5). 

However, our N-body simulations tailored to the 
potential of all 3 systems clearly show that the pattern 
speed of the twisted isophotal structure is identical to 
that of the main bar. Moreover, no evidence for such 
an independent rapidly rotating component is found in 
published kinematics of this system6. The 'bar within 
a  scheme cannot account for the twists noted in 
Figure 1. 

We have also considered the possibility of radial 
gas flows (of material in the CNR) resulting from vis-
cosity and/or dynamical friction. In view of the vigor-
ous star formation rates in the CNRs of  1097 and 
NGC5728, we feel it is necessary also to take account of 
star formation. If a nuclear disc results from such radial 
gas flows, and M supergiants are formed therein, then 
the near-IR isophotes may merely reflect the presence 
of this disc of young stars (the twisting corresponding 
to the preferred radial axis along which the gas flows). 
The absence of a similar twist at optical wavelengths 
could result from considerable visual extinction. 

Unfortunately, the total lack of Ha and radio con-
tinuum (6 and 20cm) emission shows there to be no 
current or recent star formation interior to the radii of 
the CNRs in NGC1097 and  There is also 
no evidence for star formation activity across the whole 
  covered in Figure  with the 
smooth isophotes in this figure. The presence of M su-
pergiants formed from gas flows similarly fails to ac-
count for the observed twists. 

N-body simulations 

In view of the failure of each of the above hypothe-
ses to account for the observed morphology, we have 
conducted new N-body simulations tailored to the po-
tentials of each of the three galaxies concerned. 
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Figure 1. Contour plots of the K-band  isophotes. In all cases, N is up, E to the left, and the scales are 
marked in pixels. For convenience, we illustrate the position angles of the bars in each galaxy (defined from the 
literature and our own ellipse fitting results) by the dashed lines. 
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Figure 2 . Position angle profiles as a function of radius derived  fitting ellipses to the images in Figure 1. 
Typical formal errors are always smaller than the plotted symbols. No points are plotted for  to 9" in NGC1097 as 
this region is most severely affected by the presence of the circumnuclear ring. Plots correspond to Figure 1. 
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Figure 3. Top: Particle plots of the distribution of stars (left) and gas (right) at 6x10s yrs (1200 time steps) using 
a potential matching NGC5728. A bar quickly develops in the centre, and gas inside corotation is driven towards the 
nucleus. Bottom: As for Top, but at higher spatial resolution. An elongated circumnuclear ring (radius  
is clearly visible at the inner ILR, the position angle for which is shown by the dashed line. 

ponents has recently been seen in CO1 0. However, this 
twist in the gas is unlikely to account for the near-IR 
morphology (for the reasons noted above). 

To study the response of the stars, we have con-
ducted additional simulations with twice as many par-
ticles and/or higher nuclear spatial resolution. The re-
sults are shown in Figure 4. The stars also show an 
elongated morphology, aligned with that of the gaseous 
CNR. Whilst some new stars may form in this region, 
we anticipate they will have little effect. 

In conclusion, we believe the twists in Figure 1 re-
flect the response of the stars to the potential of the gas 
in the CNR. The gas follows the x2 orbits. Moreover, it 
has sufficient mass to amplify the tendency of the stars 
to do the same and to suppress the dissipation of the 
stellar twists by heating within the barred potential. 
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We have adopted a 2D FFT scheme, using 4 -
 particles on an exponential polar grid with res-

olution 70pc in the centre to 4kpc in the outer parts 
(softening length 70pc - 4kpc). Both self-gravitating 
stellar and gaseous components are included, dissipa-
tion in the latter resulting from inelastic cloud colli-
sions. The stars and gas are initially distributed in trun-
cated Toomre/exponential discs, whilst a rigid Plummer 
sphere is used to model the bulge (and a halo in some 
simulations). 

The results of a simulation appropriate to NGC5728 
are shown in Figure 3. A clear, elongated gaseous CNR 
is formed, whose orientation is misaligned with that 
of the main stellar bar. This almost certainly reflects 
the motion of the gas along the x2 orbits. The non-
orthogonality here is probably due to cloud-cloud colli-
sions. Evidence for elongated (and misaligned) gas com-



Colour plate. Montage of near-IR images  acquired with the 256 x 256 PtSi array on the 1.3m at KPNO 
 Dr. I. Gatley). The main image shows a composite J,H,K  frame of the full field   

1.3 /pixel). The figure at lower left is a greyscale representation of the H-band  image of the same field, 
whilst the lower right figure is a  magnification of the J,H,K image. The elongated isophotes interior to the ring 
are particularly clear at this magnification. 
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Figure 4. The surface density of stars in a simu-
lation with twice the number of particles and double 
the length-scales of that shown in Figure 3. Scales are 
marked in  
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Statisticians corner 

The charts shown on the opposite page display infor-
mation about Starlink sites and software. The data are 
for September 1992. 
The top chart shows the number of users at each Star-
link site. The red bars represent 'primary users', and 
the green bars stuck on top of the red bars represent 
'secondary users'. Most users are registered at only one 
site, but some are registered at two or more. In order 
to avoid counting a person more than once, any user 
who is registered at more than one site is counted as a 
'primary user' of his home site, and a 'secondary user' 
of any other sites at which he is registered. Thus, the 
total Starlink user population of 1471 is represented by 
the red bars, and the green bars represent users who 
belong to other sites. 
You can see that there is a wide variation in the user 
populations of different sites. The largest site (CAM) is 
the combined  site at Cambridge which has 
over 300 users. Sites are identified by a three letter 
code which is usually pretty obvious. 'LEI' means the 
University of Leicester, for example. The only really 
odd one is 'PRO' which stands for the 'Project' node 
at RAL. This is dominated by Starlink Project staff. 
'RAL' stands for the separate computer run for the as-
tronomers in the Astrophysics Division at RAL. 

The pie chart insert shows a breakdown of the total 
Starlink user population into categories. 'Research' 
represents astronomers actively processing data. 'UK 
Support' represents scientific and technical supporting 
staff. 'UK Other' represents other users such as secre-
taries or people who only use e-mail. 'Overseas' repre-
sents non-UK resident users. 
The bottom chart shows the sizes of the 20 largest soft-
ware packages in the Starlink Software Collection. The 
two largest packages are the general spectral reduction 
package FIGARO, and the X-ray data analysis package 
ASTERIX. Other software which is important to Star-
link users, but for which no Starlink distribution service 
is required, is not shown. This 'devolved' category in-
cludes such packages as IRAF,  and MIDAS. 

Mike Lawden, Starlink, RAL 
RLVADr.MDL, mdl@uk.ac.rl.star 
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STARLINK - SITES & SOFTWARE 
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Figure 1. The top chart labelled  shows the number of users at each of the 23 Starlink sites (identified by 
3-letter codes). Every user is  at one site only. If he or she has further accounts at other sites, these 
registrations are regarded as  Inset is a breakdown of all users by category. The bottom chart labelled 
'Software' shows the amount of disk space needed to store the 20 largest items in the (VMS) Starlink Software 
Collection. Inset is a breakdown of the amount of space needed to store items in the 3 major classification sets. All 
data is for September  
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STARLINK INFORMATION DIGEST 

Starlink sites  site managers: 
A R M A G H : Armagh Observatory, College Hill, ARMAGH, BT61 
9DG. Tel: 0861-522928. Martin Murphy. 
 
B E L F A S T : Dept of Pure and Applied Physics, Queen's Univer-
sity of Belfast, BELFAST, B T 7  Tel: 0232-245133 X3648. 
Paul Brown.  
B I R M I N G H A M : School of Physics and Space Research, Uni-
versity of Bi rmingham, Edgbas ton Pa rk Road, B IRMINGHAM , 
B15 2 T T . Tel: 021-414-6447. Bill Wilson. 
 
C A M B R I D G E : This is a single Starlink node with a single com-
puter cluster serving three organisations: (1) Ins t i tu te of Astron-
omy, University of Cambridge, Madingley Road, C A M B R I D G E , 
CB3 OHA. Tel: 0223-337528. (2) Royal Greenwich Observatory, 
Madingley Road, C A M B R I D G E , CB3 OEZ. Tel: 0223-374000. (3) 
Mullard Radio Ast ronomy Observatory, Cavendish Laboratory, 
Madingley Road, C A M B R I D G E , CB3 0HE. Tel: 0223-337200. 
Ian Skillen, Steve Percival, Phil Herridge. 
s tar (1  2); MRAOCL/uk .ac . cam.phy- ravx (3). 
C A R D I F F : Dept of Physics  Astronomy, University of Wales 
College of Cardiff, P O Box 913, C A R D I F F , CF2 3YB. Tel: 0222-
874000 X5282. Rodney Smith.  
D U R H A M : Dept of Physics, University of Durham, South Road, 
DURHAM, DH1 3LE. Tel: 091-374-2131. Alan Lotts. DU-

 
E D I N B U R G H : Royal Observatory, Blackford Hill, E D I N B U R G H, 
EH9  Tel: 031-668-8377. John Barrow. 
REVAD/uk.ac . roe .s tar . 
H A T F I E L D : Dept of Physics  Astronomy, University of Hert-
fordshire, College Lane, HATFIELD , Herts ,  9AB. Tel: 0707-
279607. Chris Brindle.  

 Astrophysics Group, Dept of Physics, Blackett Labo-
ratory,  Pr ince Consort Rd, L O N D O N ,  2BZ. Tel: 
071-589-5111 X6682. Sunil Sidher.  

 B A N K : Nuffield Radio Ast ronomy Lab, Univer-
sity of Manchester , Jodrell Bank, M A C C L E S F I E L D , Cheshire, 

 9DL. Tel: 0477-71321 X293. Richard Nicholson. JB-
 
K E E L E : Dept of Physics, University of  K E E L E , Staffs, 
ST5 5BG. Tel: 0782-583889. James Albinson. 
 
K E N T : Electronic Engineering Lab, University of Kent , CAN-
T E R B U R Y , Kent , CT2 7NT. Tel: 0227-475406. Rolf  
 
L E I C E S T E R : Dept of Physics a nd Astronomy, University of Le-
icester, University Rd, L E I C E S T E R ,  7RH. Tel: 0533-523599. 
Geoff Mellor.  
M A N C H E S T E R : Dept of Astronomy, University of Manch-
ester, Oxford Road, M A N C H E S T E R , M13 9PL. Tel: 061-275-
4236. Vassilis Laspias.  

O X F O R D : Dept of Astrophysics, Nuclear Physics Building, Ke-
 Road, O X F O R D ,  3RH. Tel: 0865-273311. Paul Collison. 

 
P R E S T O N : Dept of Physics  Astronomy, University of Cen-
tral Lancashire, P R E S T O N ,  2HE. Tel: 0772-893564. Andy 

  

Q M W : Dept of Physics, Queen Mary and Westfield College, 
Mile E n d Road, LONDON , E l 4NS. Tel: 071-975-5053. Kevin 
Richardson. QMCMV/uk .ac .qmw.s ta r . 

R A L : Rutherford Apple ton Laboratory , Chil ton, D I D C O T , Oxon, 
0 X 1 1 0QX Tel: 0235-821900. 
(1) Project cluster: Building R68. David Rawlinson, X6471. 
 
(2) Astrophysics cluster: Building R25. Barbara Bromage, 
X6497.  
S T A N D R E W S : Dept of Physics and Astronomy, University 
of St Andrews, Nor th Haugh, St Andrews, Fife, KY16 9SS. Tel: 
0334-76161 X8323. Roger Stapleton.  

S O U T H A M P T O N : Dept of Physics, University of Southamp-
ton, S O U T H A M P T O N , S 0 9 5NH. Tel: 0703-592112. Laurence 
Jones.  
S U S S E X : As t ronomy Centre , Division of Physics $¿ Astronomy, 
University of Sussex, B R I G H T O N , Eas t Sussex,  9QH. Tel: 
0273-678478. Stuart Keir.  

U C L : Dept of Physics  Astronomy, University College London, 
 Street , L O N D O N ,  6BT . Tel: 071-380-7147. Adrian 

Fish.  

Starlink contacts at RAL: 
Tel: 0235-821900. All  are on   except 
GEB who is on  (RLSAC). 
Project Manager: 
Project Scientist: 
Network Manager: 
Applications: 
ADAM Support Group: 
Document Librarian: 
Software Librarian: 

Patrick Wallace X5372 (PTW) 
Gordon Bromage X6362 (GEB) 
John Sherman X6367 (JCS) 
Rodney Warren-Smith X6165 (RFWS) 
Peter Allan X6735 (PMA) 
Mike Lawden X5363 (MDL) 
Martin  X5363 (STAR) 

Starlink contract programmers: 
David Berry, Manchester, IRAS90 reduction package, MAVAD::DSB. 
Clive  Leicester, Survey of database systems, LTVAD::ACD. 
Peter Draper, Durham, CCDPACK, DUVAD::PDRAPER. 
Nick Eaton, Durham, Image display/graphics, DUVAD::NE. 
Julian Gold, Cambridge, NDPROGS, CAVAD::GOLDJIL. 
Michael McSherry, Belfast, XRP, QUVAD::MMCS. 
Horst Meyerdierks, ROE, FIGARO/SPECDRE, REVAD::HME. 
Dave Mills, UCL, IUE final archive reduction, ZUVAD::DMILLS. 
Rhys Morris, Cardiff,  restoration, CARDIF::RAHM. 
Grant Privett, Cardiff, Faint galaxy photometry, CARDIF::GJP. 
Richard  Leicester, ASTERIX, LTVAD::RDS. 


