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2000 Starlink Users 

Starlink reached another milestone in its 16 year 
history when, in October 1996, the number of 
registered users of its facilities exceeded 2000. This 
growth in users parallels a growth in the number of 
Starlink sites. 
The graph on the left shows the growth in user 
numbers since 1980. Each colour represents a specific 
site and the width of the band represents the number 
of registered users at that site. As time goes on, new 
sites are added on top of the old ones. (Monthly 
records for individual sites are not available before 
1986.) 
The number of users exceeded 1000 in October 1988. 
There is a reason for October being mentioned twice -
it is the month when the influx of students for the new 
academic year causes an increase in registrations. It 
should be stressed that  username lists are 
constantly pruned, revised, and audited. 
The growth in user numbers is approximately linear. 
The first 1000 users took 8 years to accumulate 
(1980-88), and the second 1000 users also took 8 years 
to accumulate (1988-96). If this rate of growth 
continues, the entire population of the United 
Kingdom will be registered as Starlink users in 
October 441980. 
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Editorial 

Starlink has recently released several major en-
hancements to its software. Those reported on in this 
issue are:  (page 6), which can analyse data 
from the new SCUBA detector on the JCMT;  
(page 3), an image analysis tool; CAT/CURSA (page 
16) which analyses star catalogues; and FIGARO (page 
3), mainly used for spectroscopy. (The other articles 
on software in this issue - DIFMAP on page 12, and 
FTOOLS on page 18  are not associated with releases 
of Starlink software, but are included because of their 
general interest to Starlink users.) 

The release of Starlink software on CD-ROM for 
PCs running the Linux operating system (which was 
first done last July) has proved to be very popular. A 
second, expanded, version was released last November, 
and a third version which will contain most of the Star-
link packages is due for release in April. This is reported 
on in more detail on page 3. 

Starlink's software has been, or will be, displayed 
at various  gatherings. The first was at 
The Astronomer AGM in Basingstoke  28th Septem-
ber 1996. The next was at European AstroFest '97, 
Astronomy Now magazine's annual convention and ex-
hibition which took place at Kensington Town Hall on 
31st January and 1st February 1997. The third will be 
at NAM97 (National Astronomy Meeting) at Southamp-
ton University on 7-11 April 1997. 

Starlink software is, of course, fully documented. 

Did you know? 
. . . That you can 

Look at a Starlink document 

with a command like: 

  sunl88 

Just type the code of the document you want in place of 
 The document will be displayed in a separate 

window by a web browser. (Another way is to follow 
the Documentation link on our web page.) 

Search Starlink documents for keywords 

with a command like: 

'/, findme  

Just type the word you want to look for in place of 
 - case is not significant. Once again, informa-

tion will be displayed in a browser window. (Another 
way is to follow the Topics link on our web page.) 

However, if you would like a more personal introduction 
to its capabilities, such as a demonstration of some of 
our packages at your site, please mention this to your 
Site Manager who will do his best to make it happen. 
Starlink's programmers can show off the software which 
they support. 

Starlink's software plans for 1997 were finalised at 
a special  of the Starlink Panel in London on 
29th January. These will be published shortly in a re-
vised issue of SGP/48. Like other Starlink documents, 
this one is available on our web site under the link Doc-
 

Talking about the web - I have revamped Starlink's 
central web page. The standard version uses the "Table" 
facility to structure the links into related columns, but 
there is a "Text-only" version for those of you whose 
browsers can't handle tables. If you haven't visited our 
web site for a while, I suggest you take a look at the 
new version - information should be easier to find. Be 
quick, though, as I hope to introduce a new graphics-
based design some time later this year. The URL is 
h t t p  

Finally, a report on the latest review of Starlink is 
available on the web - just follow the Reviews link in 
the "Project" column on our home page. The Starlink 
Panel will discuss its findings at a meeting in March or 
early April. 

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

Find someone's e-mail address 

with a command like: 

 email Smith 

Replace Smith with the name of the person you want to 
contact. The information is displayed on your screen. 
(Another way is to follow the People and Unixnames 
links on our web page.) 

Well, did you know? 

If so, you must have read the Starlink User's Guide 
- a handy little A5 booklet available at all good Starlink 
Sites. 

Mike Lawden, Starlink, RAL mdl@star.rl.ac.uk 
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Starlink software for PC/Linux FIGARO for  

The previous Bulletin (September 1996) contained 
several articles on Starlink's support for the PC/Linux 
platform and on the software that Starlink has provided 
for it. This article is a brief update which describes the 
progress that has been made in porting and distributing 
Starlink software for PC/Linux. 

The software is available on CD and can also be 
obtained from the Software Store. Where a site has 
decided to use the PC/Linux platform, in addition to 
the original  and/or  
platforms, your Site Manager will install the new soft-
ware on Starlink or  PCs. In other circum-
stances, CDs can be borrowed from your Site Manager, 
or the Software Store can be accessed via Starlink's web 
page ( h t t p : / / s t a r - w w w . r l . a c . u k / ) by following the 
link How to obtain it. 

CD releases 

Starlink's first Linux CD  was distributed in 
July 1996. Since then,  has been released (Novem-
ber 1996) and plans have been made for  to be 
released in April 1997. 

A description of our vl .3 plans was sent to all Site 
Managers and Site Chairmen in December 1996. In 
summary, the vl .3 CD is expected to contain 29 of 
the 39 applications/utilities. Of the ten that have not 
yet been released, five are "possibles", and may be in-
cluded, and four are maintained or developed outside 
Starlink  SPECX, JCMTDR), so that the timing 
of any port to Linux is out of our hands. 

Among the new items that are expected to be in-
cluded in vl .3 are: 

• CCDPACK 

• CONVERT 

• ECHOMOP 

•  

• PHOTOM 

• PISA 

• PONGO 

With the vl .3 CD, most of Starlink's porting work to 
this platform will have been completed. In future, new 
versions of the PC/Linux software will become available 
automatically at the same time as versions for our other 
platforms. 

John Sherman, RAL, Starlink jcs@star.rl.ac.uk 
Brian  RAL, Starlink bkm@star.rl.ac.uk 
Martin  Starlink RAL bly@star.rl.ac.uk 

Work has been continuing on the system described 
by David Terrett in the December 1995 issue of the 
Starlink Bulletin which allows Starlink applications to 
be run from IRAF. The system is in two parts: 

• Tools to assist programmers in  production of 
the necessary IRAF files. 

• An  which handles communication be-
tween IRAF and Starlink programs. 

Preliminary implementations of both these are now in 
place. 

The main thrust of recent work has been towards 
making Figaro available from IRAF, handling IRAF 
images transparently by means of the automatic data-
conversion facilities of the Starlink NDF library. The 
aim is to provide a look and feel which will be familiar 
to IRAF users. 

A trial version of Figaro for IRAF has been made 
available for selected volunteers to comment upon, and 
it is proposed to make a beta-test version more gener-
ally available at sites in the near future. 

If Figaro for IRAF proves popular, it is hoped to 
make other Starlink application packages available in 
the same way. 

Alan  Starlink, RAL ajc@star.rl.ac.uk 

GAIA - Graphical astronomy and  
analysis tool 

GAIA is a new image display tool based on ESO 
VLT software. What's really "new" about it is that 
it can be extended to provide new functions and can 
also  used to control other programs. These abilities 
make it an ideal tool for visually enhancing the ways in 
which you work, hopefully resulting in more productive, 
creative, exploratory (and enjoyable?) analyses. 

The way that GAIA is presented at the moment re-
sembles the well known image-display tool  
and indeed it offers much the same functionality (except 
perhaps for control via pipes). However, the current re-
lease should only be viewed as a preliminary one. It's 
really just intended to exemplify the type of tasks that 
may be integrated into  Typically these follow 
the principle of being controlled by a "toolbox" that 
defines a single well-defined activity or a set of very 
closely related ones. 

What does it do? 

Among the many functions that GAIA offers are 
the following: 

mailto:ajc@star.rl.ac.uk
http://star-www.rl.ac.uk/
mailto:jcs@star.rl.ac.uk
mailto:bkm@star.rl.ac.uk
mailto:bly@star.rl.ac.uk


A p e r t u r e p h o t o m e t r y  a highly interactive envi-
ronment for controlling the positions, sizes, and 
orientations of circular and elliptical apertures, 
with sky estimates from annuli or other apertures. 
The measurements can be in either instrumental 
magnitudes or mean counts (actually this is based 
on the P H O T O M package). 

I m a g e p a t c h i n g - you can select arbitrarily shaped 
regions on an image and replace them with a sur-
face fit to other regions, together with some artifi-
cial noise tha t makes the whole thing look natural . 
An ideal way to remove unwanted defects from an 
image for cosmetic reasons. 

I m a g e b l i n k i n g - allows you to blink through a stack 
of displayed images, or if your CPU is really sad 
you can cycle through them by hand. 

I m a g e r e g i o n s - lets you define arbitrarily shaped re-
gions on your image. These can then be extracted 
or  or you can see some simple statis-
tics about them. 

R e a l t i m e s l i c i ng  a profile of the da ta along a line 
can be displayed and adjusted interactively. The 
slice is updated in real t ime. 

I m a g e a n n o t a t i o n  using this facility you can draw 
coloured lines, arrows, circles, ellipses, boxes, poly-
gons, and text over your images and then print a 
representation to a PostScript file. Line graphics 
are re-drawn at printer resolution (i.e. this is not 
a screen dump) . 

O t h e r  pan, zoom, colour table manipulat ions, con-
tinuous da ta and position readout (for R.A. and 
Dec if your images have suitable FITS WCS head-
ers), and display of multiple images. 

GAIA will also read NDF and FITS da ta files; in 
fact since it uses NDF this also allows it to read other 
da ta types (such as IRAF and old F IGARO formats) 
using  conversion. Rather than go on any 
more about GAIA, I'll leave the rest of the talking to 
the accompanying figures. 

Sample screen shots 

Figure 1 shows GAIA with the photometry 
box in action. The apertures it creates can be elliptical 
or circular. You can also have sky regions in associated 
apertures rather t han in the annuli. Many different 
apertures can be created at the same t ime. They can 
be picked up and moved about the image, resized, ro-
tated etc . Clicking on an image shows the measurement 
associated with it (natural ly you can save and restore 
all the measurements using text files). 

Figure 2 shows a slightly different configuration 
(the pan and zoom windows have been disabled), while 
displaying a slice through an object. The slice can be 

moved around the image by dragging the little boxes on 
the ends of the line (the "grips") and it will be updated 
in real t ime (if your hardware is fast enough!). 

Figure 3 shows GAIA in another configuration 
while patching an image (the controls for Zooming and 
showing the da ta values etc are now in another window 
tha t is not shown). The image on the left is the original 
and the image on the right is the result of replacing the 
region within the white polygon by a fit to the da ta in 
the annulus about it (plus some noise). Using this tool 
you can replace arbitrarily shaped par ts of your image 
using other arbi trary bits of it to define a fit. 

Figure 4 demonstrates GAIA being used to esti-
mate the statistics of an arbitrary region of an image. 
Using this tool you can also remove and extract such 
regions. Auto-cropping is useful for removing any large 
regions of blank pixels about an extracted image. Mod-
ified images are displayed in a new window or in the 
existing window. 

How do  use it? 

GAIA is documented in SUN/214, which you can 
view using the command   You can 
star t it up now (if available on your system) using the 
command: 

 g a i a  

Where next? 

It is hoped tha t development of GAIA will continue 
and tha t the next area to be tackled will be the inte-
gration of the new Starlink astrometry library. This is 
expected to provide the overlaying of  grids, 
add support for the full range of FITS WCS systems, 
and allow astrometric systems to be interactively fitted 
to existing data . 

Other areas which have been recommended for de-
velopment are: better support for photometry in da ta 
units such as  the inclusion of routines for au-
tomated object detection, galaxy surface photometry, 
and object identification via catalogues on the W W W . 
If you have any suggestions to add to this list, please 
send them to:  

Acknowledgements 

GAIA is an extension of the RTD (Real T ime Dis-
play tool) which was written at ESO as par t of the 
VLT project and released as free software under the 
terms of the GNU copyright. Many thanks are ex-
tended to the development team at ESO (in particular 
Allan Brighton). 

RTD (for those of you who wonder about such 
things) is a collection of Tk canvas widgets for display-
ing images and many [incr  classes for building up 
useful applications. It is also used as par t of the ESO 
SkyCat tool ( h t t p : / / a r c h i v e . e s o . o r g / s k y c a t ) . 

Peter Draper, Durham P.W.Draper@durham.ac.uk 
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Figure 1. The GAIA photometry toolbox. Figure 3. Using GAIA to patch an image. 
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Figure 2. Displaying a slice through an object. 
Figure 4. Estimating the statistics of an arbitrary 
region of an image. 



GAUFIT - 2D Gaussian source profiling 

Last year a new bolometer camera was installed 
on the James Clerk Maxwell Telescope (JCMT) in 
Hawaii. It is called SCUBA (Submillimetre Common-
User Bolometer Array)  operates at millimetre and 
sub-millimetre wavelengths. 

Observers aiming to work on mapping data gener-
ated by SCUBA may be pleased to hear that the latest 
release of the ESP (Extended Surface Photometry) soft-
ware package from Starlink will make analysis of JCMT 
submillimetre continuum images much easier. This is 
because GAUFIT, the latest addition to ESP, employs a 
robust minimisation routine which examines Gaussian 
parameter space to determine 2-D Gaussian profiles of 
up to 10 sources simultaneously in an NDF-format im-
age. 

Once this is done, you are asked to provide a little 
information about the background value of the image 
and its associated standard deviation (values can be 
supplied by ESP's HISTPEAK application), the num-
ber of minimisation iterations that must be undertaken, 
and a few other simple parameters. 

The program then runs, showing you its progress 
with each iteration. When GAUFIT was written, great 
care was taken to ensure that it combined two impor-
tant factors - these were robustness, and an ability 
to avoid  minima that would cause the wander 
through parameter space to stall. As a result of this, 
GAUFIT is reasonably quick (a few minutes per itera-
tion for the problem shown), but not the sort of appli-
cation where you want to hang around waiting for the 
result. 

The output is supplied in two forms, the most im-
portant of which is a simple text file (such as that 
shown below) containing important information about 
the sources you chose - i.e. position, position angle, 
height, and the widths of the Gaussian functions re-
quired. 

Here is a listing of an  1.0 output 
file: 

  
10 
Background: 
12 
Source  ers: 
X Y Angle 

173.9 146.6 150.0 
44.1 75.5 164.7 

86.2 138.6 21.7 

Sa Sb Peak 

10.4 8.5 576.5 
8.6 7.9 104.1 

21.7 14.9 10.1 47.0 

215.4 82.2 123.3 8.4 7.7 26.1 

END 

F igu re 1. A 450-micron image  taken with the 
UKT14 bolometer receiver and displayed by GAUFIT. 

Using the application is very simple. First dis-
play your image. Figure 1 shows a 450-micron image 
of W49, taken with the UKT14 bolometer receiver in 
this  as displayed using the KAPPA DISPLAY 
command and a suitable lookup table (in this instance 
LUTHEAT). You can see that there are at least 4 sep-
arate sources standing out from the continuum, and 
a strong suspicion that the brightest of these may be 
double. 

When you  GAUFIT, you are asked to use the 
mouse to interactively identify the sources and indicate 
a radius within which each source is likely to have a sig-
nificant signal-to-noise value. To maximise the speed of 
the application, only those pixels within the prescribed 
distance from each source will be involved in the min-
imisation. 

One important thing to remember about the out-
put text files is that, with slight modifications, they can 
always be used as the basis of an input text file. In this 
way you can run GAUFIT once to give you a position 
and rough height for the sources you are interested in, 
and then (if you wish) run it again with predefined val-
ues of location and position angle, while allowing the 
minimisation to be flexible with the Gaussian function 
widths and peak height. 

By allowing you this degree of control over the 
minimisation process, GAUFIT is capable of  
sources to highly complex images, and should prove 
very helpful in disentangling overlapping sources. 

The other form of output from GAUFIT is an NDF 
file of the source(s) model created (i.e. what GAUFIT 
thinks the image would look like if only the sources were 
present) or a 'residuals' image obtained by subtracting 
the model image from the source image. An example of 

6 



a sources model is shown in Figure 2, which was derived 
from an analysis of the W49 data shown in Figure 1. 

Figure 3 shows what the W49 image looked like 
after the modelled image, shown in Figure 2, was sub-
tracted from it. To make features easier to see, the 
contrast on this image has been boosted slightly, show-
ing that the source models were quite accurate, and also 
that there was indeed another source merged with the 
largest source. 

For those interested in learning more about this 
source and the results of the above analysis, see Buckley 
 Ward-Thompson (1996,  281, 294). 

Bearing in mind that some users may have lots 
of images they need to process, GAUFIT will also ac-
cept input from a simple text file which describes the 
sources. An input file must contain the x and y coor-
dinates of the sources, and may, in addition, contain 
estimates for the position angle, Sa, Sb (standard devi-
ation of the Gaussian functions in 2 directions - major 
axis, then minor) and the peak values. 

F i g u r e 2. A model, derived by GAUFIT, of the image 
of W49 shown in Figure 1. 

What is ESP? 

ESP is a Starlink package containing 12 applica-
tions that help astronomers to profile galaxies and other 
extended sources. 

It was first released at the end of 1994. The next 
release will contain the recently developed GAUFIT ap-
plication, will be NAG-free, and will appear on the Star-
link Linux CD-ROM. 

The package has a full help system, a substantial 

document -  (including cookbook examples) -
user support, and hypertext documentation. 

F i g u r e 3 . The residual image of W49 obtained by 
subtracting the model image shown in Figure 2 from 
the original image shown in Figure 1. 

What does ESP do? 

Used together, the 12 applications in ESP allow 
you to p'erform the following actions: 

• Detect/identify flatfielding faults. 

• Remove cosmic ray events. 

• Median flatten images on a defined scale. 

• Determine whole image statistics, including: me-
dian count, modal count, kurtosis, and skewness. 

• Determine the local background value at a number 
of different points on an image. 

• Perform galaxy profiling using intensity analysis. 

• Perform galaxy profiling using contour analysis. 

• Perform source profiling assuming a 2-D Gaussian 
- N E W ! 

• Generate galaxy pie slice cross-sections. 

• Display graphs showing the profiling/cross-section 
results. 

• Help detect faint diffuse objects in an image. 

Grant Privett, Starlink, Cardiff g.privett@astro.cf.ac.uk 

Derek Ward-Thompson, ROE dwt@roe.ac.uk 
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New products 

The products released as part of the Starlink Soft-
ware Collection (SSC) during the period 7th September 
1996 to 19th February 1997 inclusive (releases 177 to 
186) are summarised in the Table shown opposite. 

The left and centre panels show the names and 
descriptions of the software items that have been af-
fected by these releases, together with codes indicating 
the newly released documents (if any) associated with 
those items. In the right panel, an alphabetical list of 
the affected items is shown under the heading Items 
Released, followed by a classification code which is a 
cross-reference to the sub-headings in the left and cen-
tre panels. 

Some newly released documents are not associated 
with any of the listed software items. These are shown 
separately under the heading Other Documents. 

In the Table, the names of software items and doc-
uments which are completely new (rather than just up-
dates of previous versions) are shown in bold type. For 
software items, "new" means that the item is a new 
addition to the Unix version of the Starlink Software 
Collection. Some of these items may be "old" from a 
user's perspective in that they may have existed previ-
ously in the old VMS version of the Collection, or they 
may have been imported from external sources. 

New i tem 

The only new item that has been released in the 
 of this report is: 

E C H W I N D - this can help you plan observations 
with either the Utrecht Echelle Spectrograph (UES) or 
the UCL coudé  spectrograph. 

Package updates 

Five existing Starlink packages have been updated 
(the sixth, JCMTDR, just had a bug fix). 

PISA - had just a minor upgrade which elimi-
nated its dependence on NAG routines. There are no 
significant functional changes. 

E C H O M O P - has been speeded up by about 
35%. You can now check individual-order profiling and 
set the fraction of each order to be used. Input and 
trace frames are now checked for bad-pixel values. Also, 
it is now much faster to check through all the orders of 
an  spectrum. 

FIGARO - the changes were described in the ar-
ticle What HAVE they done to Figaro? in the last issue 
of this Bulletin. 

S P E C X - now includes command-line editing 
 and exception handling (for  

C G S 4 D R - has also had its dependence on NAG 
routines removed. Improvements have also been made 
to the GUI. 

Uti l i ty updates 

The only items that have been affected by changes 
that are significant to the user are: 

T P O I N T - the plotting scales in the G,  
GSCAT and GAM routines were designed to work best 
with cases where the overall pointing accuracy is in the 
1-20 arcsec RMS class. To cope with telescopes with 
less demanding pointing goals, or which are in the ear-
liest stages of analysis, the maximum plotting ranges 
have been increased from about 100 arcsec to about 
10,000 arcsec. 

 - a pointer to the hypertext utilities 
findme and showme have been added to the display of 
the results of a search. This brings alternative methods 
of finding information to the user's notice. 

EMAIL - the data files containing the email ad-
dresses have been updated. 

Subroutine library updates 

M A G - this set of routines to help you access mag-
netic tapes in your programs now has its own Program-
mer's Manual, published as SUN/171. 

In the pipeline 

Several new items should have been released by the 
time you get this Bulletin, but had not appeared before 
SSC186. These include: 

 - a graphical astronomy and image analysis 
tool, described in the article on page 3. 

G A U F I T - an addition to the ESP software 
package which does 2D Gaussian source profiling. It 
is described in the article on page 6. 

Software releases 

For the last 16 years the standard method of re-
leasing Starlink software has been to issue "Starlink 
Software Releases" to Starlink sites over the network 
at frequent intervals. In recent years these have aver-
aged about 40 per year. A major change is on its way. 
In future, it is likely that there will be only 2 releases 
per year (March and September on CD-ROM). More 
information in the next Bulletin. 

Future plans 

Starlink's software plans for 1997 were discussed at 
a Starlink Panel meeting on 29th January. They will 
be published eventually as a revised version of Starlink 
document SGP/48. You can also keep an eye on the 
Development plans link in our web page (see below). 

You can keep in touch with the latest Starlink soft-
ware and document releases by following the links New 
products or News and Jobs in the Starlink Project's 
web page ( h t t p : / / s t a r - w w w . r l . a c . u k / ) . 

Mike Lawden, Starlink, RAL mdl@star.rl.ac.uk 
Martin  Starlink, RAL ussc@star.rl.ac.uk 
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Name Description Documents 

Packages 
P2: Image Processing & Photometry 
PISA Position, intensity & shape SUN/109 

P3: Spectroscopy 
ECHOMOP Echelle data reduction SUN/152 
FIGARO General data reduction SUN/86 

P6: Specific Wavelengths 
SPECX  spectral data 

P7: Specific Instruments 
CGS4DR  (CGS4) SUN/27 
JCMTDR JCMT  

Utilities 
 Astronomical Utilities 

COCO Coordinate conversion 
ECHWIND Echelle observation planning SUN/53 
TPOINT Telescope pointing analysis SUN/100 

U2: General Utilities 
DOCFIND Starlink document search 
EMAIL E-mail help 

U3: Document Preparation 
HTX Hypertext utilities 

U4: Programming Support 
GENERIC Generic Fortran routines 
MESSGEN Error message generation 

SUN/38 
SUN/182 

Name Description Documents 

Subroutine Libraries 
S2: Data Access & Management 
ARY Access ARRAY objects 
IMG Simple image data access 
MAG Magnetic tape handling 
PAR Parameter system 

 Process primitive data 

53: Graphics 
GKS Low-level graphics 

S4: Other 
CHR Character handling 
PCS Parameter/communications 

SUN/160 
SUN/171 

Infrastructure (I) 
 
 

ADAM command language 
Starlink initialisation files 

  

Items Released 
ARY S2 ICL I 
  IMG S2 
CGS4DR P7 INIT I 
CHR S4 JCMTDR P7 
DOCFIND U2 MAG S2 
ECHOMOP P3 MESSGEN U4 
ECHWIND  PAR S2 
EMAIL U2  S4 
FIGARO P3 PISA P2 
GENERIC U4 PRIMDAT S2 
GKS S3 SPECX P6 
HTX U3 TPOINT  

The codes used above (S2, Ul etc.) refer to the sub-categories shown 
in the left and centre panels). 

Other Documents 
1. Associated with software items: 

NDPROGS - n-D image manipulation 3.2, UG SUN/19 
ADAM - Unix version   

2. General: 

Starlink document styles 
Starlink benchmarking utility 0.9-1, UM 
Unix security cookbook 
Starlink Linux software CD-ROM 1.2 

SGP/50 
SSN/23 
SSN/67 
SUN/212 

24/02/97  
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This photograph was taken on 31st October 1996 at the 9th Starlink Annual General Meeting which was held at The Cosener's House, Abingdon. Left to right: 

Back Row 
Dave Berry, Contract Programmer, Manchester; Phil Herridge, Site Manager, Cambridge;  Watkins, Site Manager, Bristol; Richard Frewin, Site Manager, QMW; 
Nick Eaton, Site Manager, Imperial College; Andrea Roberts, Operations, RAL; David Rawlinson, Operations, RAL; Paul Collison, Site Manager, Oxford; John Deacon, 
Site Manager, UCL; Barry Smalley, Site Manager,  Tim Gledhill, Site Manager, Herts; Subhash Rehan, Site Manager, Kent; John Barrow, Site Manager, Edin-
burgh; Martin  Software Librarian, RAL; Barry  Site Manager, RAL (Astrophysics). 

Middle Row 
John Palmer, Site Manager, Manchester; Malcolm Currie, Programmer, RAL; Roger Stapleton, Site Manager, St Andrews; Jonathan Smoker, Site Manager, Cambridge; 
Andrew Batey, Site Manager, Cambridge; Shashi Kanbur, Site Manager, Glasgow; Paul Brown, Site Manager, Belfast; John Sherman, Head of Operations, RAL; Martin 
Murphy, Site Manager, Armagh; Patrick Wallace, Project Manager, RAL; Chris Clayton, Operations, RAL; Brian  Programmer, RAL; Claudio Moreno, La 
Palma; Andy Adamson, Site Manager, Preston; Mike Lawden, Document Librarian, RAL; Stuart Keir, Site Manager, Sussex; Mike Hill, Site Manager, Southampton; Mark 
Buckley, Programmer, RAL; Alan Lotts, Site Manager, Durham; Bill Wilson, Site Manager, Birmingham. 

Front Row 
Rodney Warren-Smith, Head of Software, RAL; Geoff Mellor, Site Manager, Leicester; Grant Privett, Contract Programmer, Cardiff; Rodney Smith, Site Manager, 
Cardiff; Alan Scott, Site Manager, Liverpool; Jon Lockley, Contract Programmer, Southampton; Dave Terrett, Systems, RAL; Clive Davenhall, Contract Programmer, 
Edinburgh; Hiten  Site Manager, RAL; Kevin Duffey, Operations, RAL; Anne Charles, Operations, RAL; Jackie Moon, Operations, RAL; Ray Riggs, Site Manager, 
Jodrell Bank; Alan Chipperfield, Programmer, RAL; Martin Clayton, Contract Programmer, UCL; Peter Draper, Contract Programmer, Durham. 



Remote access to the Digitised Sky Survey 

The Digitised Sky Survey (DSS) is a set of 102 CD-
ROMs produced by the Space Telescope Science Insti-
tute  It contains  scans of 
an all-sky collection of Schmidt telescope photographic 
plates. 

The southern plates were obtained with the UK 
Schmidt Telescope at Siding Spring and the northern 
plates with the Oschin Schmidt Telescope on Palomar 
Mountain. The southern data, comprising some sixty-
one disks, were mostly constructed from the SERC 
Southern Sky Survey, the SERC J Equatorial extension, 
and some short V-band exposures at low Galactic lat-
itudes. The northern data, comprising some forty-one 
disks, were mostly constructed from the 1950-55 epoch 
Palomar Observatory Sky Survey red plates. The plates 
were digitised at the STScI. 

Normal web access 

The DSS has proved to be a powerful and widely 
used resource in many branches of astronomical re-
search. Some institutions have bought their own copies, 
but for others the cost is prohibitive. An alternative to 
buying a copy is to access the data remotely. A couple 
of sites in the United States provide unrestricted remote 
access to the DSS. The STScI itself provides access to 
a copy, and the data are also available as part of the 

 View interactive atlas at the Goddard Space Flight 
Center. The URLs for these services are: 

STScI:   edu/dss/ 

Sky View: ht tp  

Experimental access f rom Leicester 

Obviously, from the UK these services must be ac-
cessed across the transatlantic computer networks and 
reports of the adequacy of the speed of access are un-
even. Some users find the speed of response to be ad-
equate whereas others find it unacceptably slow. Con-
sequently, Starlink is investigating whether it is worth-
while providing a publicly available copy of the DSS in 
the UK. 

As part of this exercise, and to gauge likely de-
mand, the X-ray Astronomy Group at the University 
of Leicester have agreed to make their copy of the DSS 
available to users at all Starlink sites on a temporary, 
experimental basis. The usage will be monitored and, 
if there is sufficient demand, Starlink will investigate 
providing a permanent service. 

It must be emphasised that the Leicester service 
is using capacity on a CD-ROM jukebox which is cur-
rently spare, but which may later be required for ex-
pansion of the data archives of the ROSAT and  A 
X-ray astronomy satellites. 

The copy of the DSS at Leicester is accessed from 
URL: 

http  

You then fill in a simple form to specify the region 
that you are interested in. You enter the central coor-
dinates and size of the field. In the case where you are 
looking for a named object you may be able to supply 
the object name rather than the central coordinates. 

The specified region can be returned in one of a 
number of formats: 

• FITS image. 

• Standard Starlink NDF. 

•  SDF file. 

There are, of course, several different ways of display-
ing FITS and NDF format images. The 2-D CCD Data 
Reduction Cookbook (SC/5) includes a simple tutorial 
introduction to several of the more common ones. As-

 is described in ASTERIX - X-ray Data Processing 
System (SUN/98). 

Help 

If you have trouble accessing the Leicester service, 
contact Richard West (e-mail: rgwQstar. le .ac.uk). 
More general comments on the accessibility of the var-
ious copies of the DSS and the desirability of Starlink 
providing access to a copy should be sent to Clive Dav-
enhall (e-mail: acdQroe.ac.uk). 

Thanks are due to the X-ray Astronomy Group of 
the University of Leicester for agreeing to make their 
service publicly accessible for an experimental period. 

References 

D.J. Allan and R.J.  1995, SUN/98.6, AS-
TERIX - X-ray Data Processing System (Starlink). 
G.J. Privett, 1997,  The 2-D CCD Data Reduc-
tion Cookbook (Starlink). 
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Difference mapping using D I F M A P and 
AIPS SCMAP 

Radio aperture synthesis imaging, using sparse ar-
rays such as MERLIN and VLBI systems, and to a 
lesser extent the  often requires an iterative com-
bination of deconvolution (usually in the form of the 
CLEAN algorithm) and self-calibration. Successively 
better models of the image (in the form of CLEAN com-
ponents) are used iteratively to improve the calibration 
of the raw data. 

Traditionally, the individual stages of this process 
are usually confined to separate programs; e.g. in the 
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 package, the task  is used for calibration 
and  while imaging (i.e. Fourier trans-
formation and deconvolution) is performed by tasks 
such as MX or  This approach is fine where 
only one or two iterations are required for convergence, 
but initial calibration can be poor for a variety of rea-
sons, part icularly on long baseline arrays such as MER-
LIN and the VLBA, and so many iterations may be 
necessary to achieve the high dynamic ranges required 
to obtain noise-limited images of bright objects. 

The technique of difference mapping 

In the early 1980s at Jodrell Bank, Roger Noble 
and Pa t Moore (whom some will remember as an early 
manager of the Manchester Starlink node) devised and 
implemented a difference mapping algorithm as part 
of the Jodrell OLAF package. The basis of this tech-
nique is the fact tha t the brightest parts of the im-
age model, obtained in the early deconvolution stages 
(i.e. the brightest CLEAN components) are reliable, 
and don ' t change as calibration improves. Successive 
stages of calibration produce further model components 
which are reliable at lower levels. Thus, in conventional 
iterative imaging, the CLEAN algorithm has to find 
these components repeatedly. Difference mapping sub-
tracts the most reliable components at each iteration, 
and thus the next i teration only works on the residual 
da ta - hence the term difference mapping. Only the 
da ta which represent the difference between the most 
reliable model components and the da ta are processed 
further. 

Apar t from the obvious improvement in speed 
which arise because of savings in calculations, working 
with residuals often makes problem da ta or artefacts 
in the m a p more obvious, and the user can intervene 
between i terations to edit da ta or set CLEAN boxes to 
suppress spurious features. The latter becomes partic-
ularly easy since bright components are effectively sub-
tracted from an image, and weak extended structure is 
thus more apparent . 

More recently, difference mapping has been repro-
duced in two new implementat ions: 

D I F M A P - a stand-alone DIFMAP program, de-
veloped at Caltech by Martin Shepherd (for-
merly of Jodrell Bank) and T im Pearson. 

S C M A P - an AIPS task, developed by Bill Cot-
ton of NRAO. 

DIFMAP 

D I F M A P is a very flexible program which permits 
close control over the whole imaging and self-calibration 
process, following closely the spirit of the original Jo-
drell implementat ion. Parameters such as the CLEAN 
loop gain may be varied at each stage via a power-
ful command-l ine language which also allows users to 

write scripts to perform mapping tasks. A particularly 
impor tant feature is the ability to display and interac-
tively edit visibility da ta during this procedure, includ-
ing diagnostic da ta such as cumulative calibration cor-
rections. The most recent release of DIFMAP works 
with visibility da ta in FITS da ta files, allowing easy 
t ransport to other packages such as AIPS. 

An illustration of the various stages in a DIFMAP 
session is show in Figure 1 (see pages 14 and 15). 

DIFMAP is supported on several Unix variants in-
cluding Solaris, Digital 's OSF, and Linux, and is avail-
able via anonymous ftp from   edu in di-
rectory p u b / d i f map. Documentation, including a 
book, is available in the same location. 

SCMAP 

SCMAP is a task which is par t of the standard 
AIPS distribution but which often goes unnoticed. It 
offers many of the same features as DIFMAP, although 
the level of interaction is somewhat restricted by the 
AIPS model of the user interface. In particular, data 
inspection and editing have to be performed using other 
tasks, the number of user keystrokes required is much 
greater, and thus the implementat ion feels less friendly. 
However, SCMAP incorporates support for wide-field 
imaging and fine control over some of the more subtle 
"handles" on the imaging process which experts may 
wish to fiddle with. 

F i g u r e 2 . An SCMAP interactive display, showing 
CLEAN windows set interctively - even circular ones!, 

Synthesis imaging is one of the most challenging 
areas of astronomical da ta reduction; these programs 
are excellent examples of ways to streamline the pro-
cess. 

Dave Shone, Jodrell Bank dls@jb.man.ac.uk 
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Figure l a . This series of figures illustrates the various stages in a DIFMAP session. The image above shows an 
initial dirty map. 

Figure l b . This shows an example diagnostic plot, showing the current corrections determined by self-calibration. 
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Figure  This shows a residual map, part way through the difference mapping process. 

Figure  This shows a final CLEAN map, the final outcome of the difference mapping process. 
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CURSA news 

New versions of the CURSA package for access-
ing and manipulat ing astronomical catalogues and the 
associated CAT subroutine library are being released: 
version 2.1 of CURSA and version 3.1 of CAT. This 
short article summarises the new features contained in 
these releases. The major new features in CURSA are: 

• Support for a new catalogue format, the Small Text 
List, which allows easy access to catalogues and 
lists in simple text files. 

• c a t s e l e c t , a new application providing several 
new ways of selecting objects from catalogues. 

• An option to compute statistics for individual 
columns in the catalogue browsers xca tv iew and 
catview. 

In addition, there are a number of minor enhancements. 
Both CURSA and CAT are uniformly available on all 
three variants of Unix currently supported by Starlink: 
DEC Alpha/Digi ta l Unix, Sun/Solaris , and PC/Linux . 

The small text list catalogue format 

The major catalogue format supported by CURSA 
is the FITS table format. This is popular and widely 
used internationally, thus allowing CURSA to access 
an extensive range of catalogues. Nonetheless, there is 
a requirement to access catalogues formatted as sim-
ple ASCII text files. Such catalogues might be private 
lists of your own results or data , which you have typed 
into a file using a text editor, or a s tandard catalogue 
formatted as a text file which you have obtained from 
an external source. The Small Text List (STL) format 
allows you to access such catalogues. 

An STL format catalogue comprises a description 
of the catalogue (details of the columns it contains etc) 
and the table of values. Both are simple ASCII text 
which is straightforward to create or modify with a text 
editor. Figure 1 shows an example of a simple STL cat-
alogue which contains equatorial coordinates and UB V 
photometry for a list of stars. The details of the way 
in which the columns etc are defined are not impor-
tant for this article (and are probably more-or-less self 
explanatory) . However, the format is fully described 
in SUN/190. The format supports the features usu-
ally found in CURSA catalogues, including: columns 
of vectors, null values, and numerous ways of display-
ing columns of angles as sexagesimal values. 

All CURSA applications can read and, where ap-
propriate, write catalogues in the STL format, as can 
the CAT library. The new format allows many oper-
ations to be carried out much more conveniently than 
was possible hi ther to . For example, if a list of target ob-
jects is to be paired with a s tandard catalogue then an 
STL catalogue containing the targets can simply be cre-
ated with a text editor, rather than having to create a 

FITS table containing them. Also, it is easy to convert 
catalogues between different formats using the CURSA 
application cat copy. For example, if you wanted to 
send a list of objects formatted as a F ITS binary ta-
ble to a colleague, you could simply type in the list 
as an STL format catalogue (or, more likely and even 
less trouble, convert an existing file to STL format) and 
then run  copy to convert it to FITS format . This 
approach is usually much easier than trying to jury-rig 
your own program to write a FITS table. 

! + 
! Simple STL example; stellar photometry catalogue. 

! A.C. Davenhall (Edinburgh) 24/1/97. 

C RA DOUBLE 1   ! R.A. 
C DEC DOUBLE 2 UNITS='RADIANS{DEGREES}' TBLFMT=DEGREES ! Dec. 
C V REAL 3  ! V magnitude. 
C B_V REAL 4  ! B-V colour. 
C U_B REAL 5  ! U-B colour. 

P EqUINOX   
P EPOCH   

BEGINTABLE 
5:09:08.7 -8:45:15 4.27 -0.19 -0.90 
5:07:50.9 -5:05:11 2.79 +0.13 +0.10 
5:01:26.3 -7:10:26 4.81 -0.19 -0.74 
5:17:36.3 -6:50:40 3.60 -0.11 -0.47 

F i g u r e 1. A simple STL catalogue containing 
equatorial coordinates and UBV photometry for a list 
of stars. 

The STL format also allows the CURSA applica-
tions to operate on lists and tables generated by appli-
cations in the KAPPA image processing package to a 
limited extent. Again, this facility is fully described in 
SUN/190. 

Selecting objects from a catalogue - c a t s e l e c t 

The catalogue browsers xca tv i ew and ca tv i ew al-
ready contain features for selecting objects from a cat-
alogue. However, a new application, c a t s e l e c t , has 
been added to CURSA solely for creating selections 
from catalogues. Whereas the selection options in the 
catalogue browsers are oriented towards the interactive 
display and exploration of catalogues, c a t s e l e c t is ori-
ented towards creating 'one-off selections from a cata-
logue and saving them as a new  c a t s e l e c t 
provides all the selection options available in the cata-
logue browsers, and also some new alternatives: 

Circular area - this option, sometimes called a  
search', finds all the objects within a given angular 
distance of a specified point on the celestial sphere. 
This type of search is often used in astronomy; it is 
used to select catalogue objects imaged on a photo-
graphic plate or CCD frame, and to search a cata-
logue for potential counterparts to a target object. 

P o l y g o n a l area - here you supply the coordinates of 
the corners of a polygon and c a t s e l e c t finds all 



the objects which lie inside this polygon. The poly-
gon can be of an arbi trary shape and have an ar-
bi t rary number of corners. This option might be 
used to select objects in an irregularly-shaped re-
gion of sky, or to find objects with unusual prop-
erties in some two-dimensional space. It could, for 
example, be used to isolate stars in the red giant 
branch of a  diagram. Figure 2 
shows a striking, but not particularly serious, ex-
ample. Here, a polygon defining the shape of a 
large letter ' C has been used to select objects from 
the Gliese and Jahreiss Third Catalogue of Nearby 
Stars. The selected objects have then been plotted 
using P O N G O . 

E v e r y n t h o b j e c t - this option selects every nth ob-
ject from the catalogue, where you supply the value 
of n. This simple option is useful for producing a 
smaller, but representative, sample from a larger 
catalogue. Such a sample might then be investi-
gated interactively in the case where the original 
catalogue was too large for interactive analysis. 

than visual magni tude 10.0. 
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F i g u r e 3 . xca tv iew displaying statistics computed 
for columns listing various parallaxes in the Gliese and 
Jahreiss Third Catalogue of Nearby Stars. The statis-
tics have been computed from just the stars brighter 
than visual magnitude 10.0. 

Minor enhancements 

Additionally, a number of minor enhancements and 
bug fixes have been made to CURSA and CAT. The en-
hancements include: the much-requested wider display 
window and horizontal scrolling for x c a t v i e w , the abil-
ity to open a new catalogue without leaving xca tv i ew , 
extra options to display small angles as minutes and 
seconds of arc and t ime, recognising  and  
as additional file types for FITS tables, and numerous 
others. 

Future enhancements 

F i g u r e 2. Objects from the Gliese and Jahreiss Third 
Catalogue of Nearby Stars selected to lie inside a poly-
gon and plotted using PONGO. 

Statistics for columns 

Development of CURSA and CAT continues. Some 
enhancements which are likely to become available dur-
ing 1997 include: the ability to extract subsets from 
remote archives and databases across the Internet and 
save them as local catalogues which can then be ac-
cessed with CURSA, plott ing catalogue objects su-
perimposed on top of two-dimensional images (such 
as CCD frames), and improved  with 
KAPPA. 

An option has been added to the catalogue browsers 
x c a t v i e w and c a t v i e w to compute statistics for one or 
more columns in a catalogue. The statistics may be 
computed from either all the rows in the catalogue or 
from jus t the rows in a selection. For example, Figure 3 
shows the statistics computed for columns listing vari-
ous parallaxes  the Third Catalogue of Nearby Stars. 
Here, the statistics have not been computed from the 
whole catalogue, but rather jus t from the stars brighter 

Finding out more 

CURSA is fully described in SUN/190 CURSA 
Catalogue and Table Manipulation Applications: User's 
Manual. Similarly, the CAT subroutine library is com-
prehensively documented in  CAT  Catalogue 
and Table Manipulation Library: Programmer's Man-
ual. Additional information is available from  's 
'home page' on the web. Its URL is: 
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http  

Finally, if you have any suggestions about how 
CURSA and CAT could be enhanced, run into prob-
lems using them, or would like assistance in accessing 
catalogues, then please do not hesitate to contact me. 
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Comings and goings 

During the period October 1996 to February 1997 
there have been 6 comings and 5 goings. As usual, the 
latest details about Starlink staff are printed on the 
back cover of this Bulletin. 

Comings 

Alan Scott is now the  site manager of the 
Liverpool John Moores node. He was previously on a 
grant-funded appointment. 

Paul Kerry is the new manager of the Sheffield 
node, replacing Phil Thorpe. 

Jon Lockley has joined the Project as a program-
mer at Southampton. 

Jane Porter is the new administrative assistant 
within the Project staff at RAL, replacing Jackie Moon. 

Nick Shrine is now acting site manager at Kent, 
filling in until a replacement for Subhash Rehan can be 
appointed. 

Oliver Keeble is now acting site manager at Im-
perial College. 

Goings 

Phil Thorpe was site manager at Sheffield from 
October 1994. 

Subhash Rehan was site manager at Kent from 
September 1993. 

Jackie Moon was administrative assistant at 
RAL from August 1995. She has been promoted to 
a post in RAL's public relations department. 

 McKay was an assistant to the site man-
ager at Belfast from September 1996. 

Nick Eaton was site manager at Imperial College 
from March 1993. 

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

FTOOLS Help - it's here 

Users of FTOOLS will be glad to hear that, at the 
suggestion of the X-ray SSG, Starlink is now providing 
help to users who encounter problems while using or 
installing FTOOLS (the FITS utilities). 

One part of the help is provided by a Web page 
linked to my home page, which has the URL: 
http  

The page contains UK-based copies of the FTOOLS 
code and documentation. Trials suggest that these can 
be downloaded more quickly than the copies held on the 
US-based FTOOLS homepage. It also provide links to 
other useful information, such as the current FTOOLS 
bug list and FAQ. 

I am the other part of the help. If you have prob-
lems with any aspect of FTOOLS, please do not hesi-
tate to contact me and ask for my assistance. My email 
address is  cf . ac . uk. 

The next release of FTOOLS, Version 3.7, is sched-
uled to appear in March/April 1997. The source code 
will be made available as soon as possible on my web 
page. 

Grant  Starlink, Cardiff gjp@astro.cf.ac.uk 

Statistician's corner 

The graphs on the opposite page show some statis-
tics about Starlink documentation. 

The top graph illustrates the growth in the size 
of Starlink-produced documentation since March 1992 
(the date I started recording these figures systemati-
cally). It shows that over the last five years the size (as 
measured by the number of published pages) has nearly 
doubled. It also suggests that growth spurts tend to be 
concentrated towards the end of a calendar year. This 
reflects Starlink's annual productivity cycle in which 
plans for the production of new or enhanced software 
are laid at the beginning of the year, and the final prod-
ucts (which include associated documents) are delivered 
towards the end of the year. The graph also shows the 
dominance of SUNs (Starlink User Notes). Thus, docu-
mentation which is aimed at users is the most extensive, 
as you would expect in a service provider like Starlink. 
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Starlink Documents  Growth 
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The bottom graph analyses the current Starlink 
documents by year of issue. It shows that most Star-
link documents are of recent origin and that, therefore, 
the document set is generally up-to-date and well main-
tained. In fact, 49% of our documents and (more signif-
icantly) 67% of our pages have been issued within the 
last two years. (In this context, "document" includes 
new versions of old documents, as well as brand new 
publications.) 

Keeping documentation up-to-date is a big chal-
lenge for large and active projects like Starlink. What 
the statistics illustrated above don't show are the tech-
nical improvements in Starlink documentation, such as 
better presentation and its availability on the World 
Wide Web in hypertext form. 

Mike Lawden, Starlink, RAL mdl@star.  ac. uk 
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STARLINK INFORMATION 

Starlink sites S¿ site managers: 
B I R M I N G H A M : School of Physics a n d Space Research, Uni-
versity of Bi rmingham, Edgbas to n Pa rk Road , BIRMINGHAM, 
B15 2 T T . Tel: 0121-414-6447. 
Bill   
B R I S T O L : Dept of Physics, University of  Tyndal l Av-
enue, BRISTOL, BS8 1TL. Tel: 0117-928-7869. 

  Steff.Watkins@bristol.ac.uk 
C A M B R I D G E : This is a single Star l ink node serving three or-
ganisat ions: 
(1) Royal Greenwich Observatory, Madingley Road, C A M B R I D G E , 
CB3 OEZ. Tel: 01223-374000. 
(2) Ins t i tu te of Astronomy, University of Cambridge, Madingley 
Road, C A M B R I D G E , CB3 0HA. Tel: 01223-337548. 
(3) Mullard Radio As t ronomy Observatory, Cavendish Labora-
tory, Madingley Road , C A M B R I D G E , CB3 0HE. Tel: 01223-
337200. 
Peter  Phil  Andrew Batey, Jonathan Smoker. 
star@ast .cam.ac.uk (1  2); 
David Titterington. d j t@mrao.cam.ac.uk (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: 01222-
874000 X5282. Rodney  s tar@astro.cf .ac.uk 
D U R H A M : Dept of Physics, University of D u r h a m , South Road, 
DURHAM, DH1 3LE. Tel: 0191-374-2131. 
Alan Lotts,  Murray. Oper .Star l ink@durham.ac .uk 
E D I N B U R G H : This is a single Star l ink node serving two or-
ganisat ions: 
(1) Royal Observatory Ed inburgh . 
(2) Ins t i tu te for Astronomy, Dept of Physics a n d Astronomy, Uni-
versity of Ed inburgh . 
These share the same address : Blackford Hill, E D I N B U R G H, EH9 
3HJ. Tel: 0131-668-8377. 
John Barrow, Ewan  s tar@roe.ac.uk 
G L A S G O W : Dept of Physics  Astronomy, University of Glas-
gow, G L A S G O W , G12 8QQ. Tel: 0141-339-8855 X4268. 
Shashi  s tar@astro.gla .ac.uk 
H E R T S : Dep t of Physica l Sciences, University of Hertfordshire, 
College Lane, HATFIELD , Her ts ,  9AB. 
Tel: 01707-284601. Tim Gledhill. s tar@star .her ts .ac .uk 

 Astrophysics Group , Dept of Physics, Blackett Labora-
tory,  Pr ince Consort Rd , LONDON, SW7 2BZ. 
Tel: 0171-594-7538. Oliver Keeble  star@ic.ac.uk 
J O D R E L L B A N K : Nuffield Radio As t ronomy Lab, University 
of Manchester , Jodrel l Bank , M A C C L E S F I E L D , Cheshire,  
9DL. Tel: 01477-571321 X284. Ray Riggs. s tar@jb.man.ac.uk 
K E E L E : Dept of Physics , University of  K E E L E , Staffs, 
ST5 5BG. Tel: 01782-584229. 
Barry Smalley. s tar@astro.keele.ac.uk 
K E N T : Electronic Engineer ing Lab , University of Kent , CAN-
T E R B U R Y , Kent , CT2 7NT. Tel: 01227-823190. 
Nick Shrine  s tar@star .ukc.ac .uk 
L E I C E S T E R : Dept of Physics a n d Astronomy, University of 
Leicester, University Rd, L E I C E S T E R ,  7RH. Tel: 0116-252-
3599. Geoff Mellor. s tar@star . le .ac.uk 
L I V E R P O O L : Astrophysics Group , School of Electrical Engi-
neering, Electronics a n d Physics, Liverpool John Moores Univer-
sity,  St, L I V E R P O O L , L3 3AF . Tel: 0151-231-2289. 
Alan  s tar@starul . l iv jm.ac .uk 
M A N C H E S T E R : Dep t of Astronomy, University of Manch-
ester, Oxford Road , M A N C H E S T E R , M13 9PL . Tel: 0161-275-
4236. John  s ta r@ast .man.ac .uk 

N O R T H E R N I R E L A N D : The following two sites are regarded 
as a single Star l ink node : 
(1) A r m a g h Observatory, College Hill, A R M A G H , B T 6 1 9DG. 
Tel: 01861-522928. Martin  s ta r@star .a rm.ac .uk 
(2) Dept of Pu re a n d Applied Physics, Queen 's University of 
Belfast, BELFAST, B T 7  Tel: 01232-273648. Paul Brown. 
star@qub.ac.uk 

O X F O R D : Astrophysics, Astrophysics a n d Nuclear Physics Lab , 
 Road, O X F O R D ,  3RH. Tel: 01865-273311. 

Paul Collison. s tar@astro.ox.ac.uk 

P R E S T O N : Centre for Astrophysics, University of Cent ra l Lan-
cashire, Corpora t ion St, P R E S T O N ,  2HE. Tel: 01772-
893564. Andy Adamson. s tar@uclan.ac.uk 
Q M W : Dept of Physics, Queen Mary a n d  College, Mile 
E n d Road, LONDON, E l 4NS. Tel: 0171-975-5053. 
Richard Frewin. s tar@qmw.ac.uk 

R A L : Rutherford Apple ton Labora tory , Chil ton, D I D C O T , Oxon, 
0 X 1 1 OQX Tel: 01235-821900. 
(1) Project cluster: Building R68 . 

  X6471. oper@star.r l .ac.uk 
(2) Astrophysics cluster: Building  
Barry Kellett, X5427. s tar@ast .s tar . r l .ac .uk 
S T A N D R E W S : School of Physics a n d Astronomy, Universi ty 
of St Andrews, Nor th Haugh, ST A N D R E W S , Fife, KY16 9SS. 
Tel: 01334-463141. Roger Stapleton. s tar@st-and.ac .uk 

S H E F F I E L D : Dept of Physics, University of Sheffield, T h e Hicks 
Building, Hounsfield Road , S H E F F I E L D , S3 7RH. Tel: 0114-222-
3551. Paul  star@sheffield.ac.uk 
S O U T H A M P T O N : Dept of Physics, University of S o u t h a m p -
ton, S O U T H A M P T O N , S 0 1 7 1BJ . Tel: 01703-592080. 
Mike Hill, Simon  s tar@phastr .soton.ac .uk 

S U S S E X : As t ronomy Centre , The School of Chemistry , Physics 
 Envi ronmenta l Science, University of Sussex, B R I G H T O N , 

East Sussex, BN1 9QH. Tel: 01273-678478. 
Stuart Keir. s tar@star .maps.susx.ac .uk 
U C L : Dept of Physics  Astronomy, University College London, 
Gower Street , LONDON,  6BT . Tel: 0171-380-7147. 
John  s tar@star .ucl .ac.uk 

Starlink World Wide Web address: 
All sites can be accessed from h t t p : / / s t a r - w w w . r l . a c . u k / 

Starlink contacts at RAL: 
Tel: 01235-821900. All usernames are on star.rl.ac.uk, except Alan 
Penny who is on ast.star.rl.ac.uk 
Project Manager: Patrick Wallace X5372 (ptw) 
Project Scientist: Alan Penny X5675 (ajp) 
Head of Operations: John Sherman X6367  
Head of Software: Rodney Warren-Smith X6165 (rfws) 
Environment Support Group: Brian  X6478 (bkm) 
Document Librarian: Mike Lawden X6254  
Software Librarian: Martin  X5363 (ussc) 

Starlink contract programmers: 
David Berry, Manchester, dsb@ast.man.ac.uk, Tel: 0161-275-4226 
Martin Clayton, UCL, mjc@star.ucl.ac.uk, Tel: 0171-380-7147 
Clive Davenhall, Edinburgh, acd@roe.ac.uk 
Peter Draper, Durham, P.W.Draper@durham.ac.uk 
Jon Lockley, Southampton, jjl@astro.soton.ac.uk 
Grant Privett, Cardiff, gjp@astro.cf.ac.uk 
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