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Cover picture: T i e new release of GAIA has a full 
suite of graphical tools for image astrometry and can 
browse catalogues and data archives using the WWW. 
The grid overlay and annotations are drawn using the 
new Starlink Astrometry Library (AST). See the GAIA 
article on page 7. 
The continuum subtracted Ha image of LMC was ob-
tained by Dr. Mike Bessell from Mt. Stromlo Observa-
tory (courtesy of Paul Crowther, UCL). 

Bulletin Changes 
As you can see, the change in editor 

has brought changes to the format of the 
Bulletin. We hope that you will find it 
even more readable than before. We wel-
come your comments about the new layout, 
whether it has made things easier to find, 
how to improve it further and whether you 
miss any regular features which do not ap-
pear in this issue. 

It is with great sadness that we must 
inform you that this Bulletin's episode of 
Captain Starlink is the last one. It has been 
written by Chris Clayton and drawn by his 
friend Julian Foster. As Chris is leaving the 
Project, Captain Starlink leaves with him. 

Call for Successor to 
Captain Starlink 

Because of the impending loss of Cap-
tain Starlink, we invite you all to submit 
cartoons to be published in its place. These 
must be complete with artwork. They may 
be a one-off or a continuing series, a comic 
strip or a single-frame cartoon. Publication 
will, of course, be at the Editor's discretion. 

Call for Letters 
We invite you all to contribute Letters to 

the Editor for possible inclusion in a future 
issue of the Bulletin. We are particularly 
interested in constructive comments about 
the service offered by Starlink and in pro-
viding a forum for debate about astronomi-
cal software issues, especially given the new 
management by the Astronomical Comput-
ing Panel and the new review by the Head of 
Astronomical Computing has just started. 

In accordance with the policy of other 
publications, all selected letters will be sub-
ject to editing for brevity and clarity. 

Editor Starlink Project, Tel: National: Abingdon (01235) 821900 
Anne Charles Rutherford Appleton Laboratory, International: (+44) 1235 821900 

Chilton, DIDCOT, Fax: (+44) 1235 445848 
Oxon  11  E-mail: acc@star.rl.ac.uk 

©1998 Starlink, CCLRC UK Web: http://star-www.rl.ac.uk/ 
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Note from the ACP Chair 
What is the Astronomical Computing Panel? 
The replacement of the old Starlink Panel by the 

Astronomical Comput ing Panel (ACP) is more than an 
exercise in renaming committees. The change was ac-
tually suggested by the Starlink Panel itself, respond-
ing to the comments in Geoffrey Robinson's (January 
1997) report on Starlink. Robinson pointed out that 
the provision of computing support for astronomers by 
P P A R C goes through several different  
research grants, supercomputing, and various institu-
tional funding  is handled differently be-
tween different sections of the astronomical community. 
Solar-terrestrial groups (STP) are generally not covered 
by Starlink, nor is the bulk of theoretical astronomy. 
This diversity might be regarded as healthy, or as waste-
ful, but it certainly leads to a lack of overall awareness 
of P P A R C funding in the computing  and to a lack 
of strategic thinking. Nobody actually knows the total 
amount being spent on computing at present, let alone 
whether the balance relative to other components of 

 astronomy programme is about right. 
To allow a more unified view of astronomi-

cal computing, the Starlink Panel suggested tha t a 
broader commit tee, the ACP, was needed. The ACP 
has a membership which includes five observational 
astronomers, two members from the STP commu-
nity, one astronomy theorist, and a particle physi-
cist (see h t t p : / / s t a r - w w w . r l . a c . u k / a c p / a c p . h t m l ) . 
This last is an experiment, to see whether the two main 
branches of P P A R C can gain from some interchange 
of experience in this area. In addition to its broader 
concerns, the A C P will handle the Starlink business 
previously covered by the Starlink Panel. The annual 
hardware allocation will involve the five astronomical 
members , plus a further four ad-hoc members with sub-
stantial Starlink experience, who will be co-opted for 
the purpose. 

One major task of the ACP is to look at the way 
astronomical computing is organized, and to suggest a 
strategy for tackling some of the anomalies pointed out 
by Robinson. Such a major undertaking, requires more 
at tent ion than par t - t ime committee members would be 
able to provide, hence P P A R C decided to recruit a Head 

of Astronomical Computing  to lead this activ-
ity, and to ensure tha t it is carried out properly. The 
results could, after all, have a substantial impact on the 
way we all work, and the facilities available to us. We 
were very pleased tha t T im Naylor was appointed to 
this post, and you can read some of his initial thoughts 
in the interview on page 4. 

Another Starlink Review? 

It is worth stressing, tha t this 'strategy develop-
ment ' activity is not just a fancy name for another re-
view of Starlink. The idea is to s tand back and ask 
about the best way of meeting the computing needs 
of the whole astronomy community in the most effi-
cient and effective way possible. A sample of the sort 
of questions we will be asking are: Is the overall level 
of computing provision reasonable? Should computing 
support be more/less closely linked to specific scientific 
programmes? How important is it to have a coordinated 
UK astronomical software effort? Is the current UK 
provision for data archives satisfactory? Are there good 
reasons for continuing the different approaches taken by 
the sub-communities? 

The HAC and ACP will be examining such issues 
over the next few months , and sampling the views and 
ideas of the community, in order to develop a draft 
strategy by the au tumn. There will then be a period 
of consultation on these ideas, before the strategy is 
presented to PPAR C at the end of the year. 

How can you have your say? 

If you have views on the sort of questions listed 
above, or the many other issues raised, then there are 
several ways in which you can contribute to the debate. 
We will be circulating a questionnaire in due course, to 
find out what you think, and what you need. There 
will be a discussion at the NAM in the Astronomical 
Computing session. Finally you can also email T im, or 
myself, or nail any ACP member in person. We have 
to get this thing right. 

Trevor  Birmingham tjp@star.sr.bham.ac.uk 
 

T h e m e m b e r s h i p of t h e A s t r o n o m i c a l C o m p u t i n g P a n e l (see also the photograph on page 5): 
Affiliation E-mail address 
University of Birmingham 

Name Speciality 
Trevor Ponman Astronomy 

(Chairman) 
Mark Birkinshaw Astronomy 
Mike Bode Astronomy 
Peter Cargill STP 

Ian Howarth Astronomy 
Peter Renton HEP 
Chris Thomas STP 
Peter Thomas Theory 
Derek Ward-Thompson Astronomy 
Andrew le Masurier Secretary 
Zara Gregory Asst Secretary 

University of Bristol 
Liverpool John Moores University 
Imperial College of Science Tech-
nology and Medicine 
University College London, 
University of Oxford, 
University of Leicester 
University of Sussex 
Royal Observatory Edinburgh 
PPARC 
PPARC 
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An Interview with the Head of Astronomical Computing 

 Naylor of the University of Keele  took up the post of Head of Astronomical Computing 
on 1 January 1998. It is a half-time, two-year position in PPARC and involves working with the Astronomical 
Computing Panel. Chris Clayton interviewed him about how he views the task ahead. 

 
 

 

  

 
  

Tim Naylor, Head of Astronomical Computing 

What are your areas of astronomical and computing 
expertise? 

Like any other observational astronomer, I spend a 
lot of my life in front of a computer, reducing and mod-
elling data, writing papers, and doing general admin. 
But I've also done some system management, quite a 
lot of programming, and been chairman of the Spec-
troscopy Software Strategy Group. 

What do you see as your role during 1998? 

Talking to people. By the end of the year there 
has to be a report recommending a way forward for 
astronomical computing. I don't see that as just a per-
sonal effort, it will include ideas from many other as-
tronomers. My job is to sift through these ideas, work-
ing out what will and won't work, and moulding them 
into a strategy. 

What are the fundamental questions that you believe 
need to be addressed? 

The main question is where do we want to be in 
three years time, i.e., what computing services will we 
require. I suspect that once we've answered that ques-
tion, how to get there will be fairly obvious. 

What do you view as the main strengths and short-
comings of the current arrangements for astronomi-
cal computing? 

The main strength of the current arrangements has 
to be that it gets high-quality research done. There 

are many criticisms of the current arrangements, but 
whether these are valid, and hence true drawbacks, is 
one of the things I hope to discover in the next year. 

Are there particular areas which you intend to spend 
more t ime considering than others? 

Over the years various alternative schemes have 
been proposed for how we allocate funding. These 
schemes have to be worked out in detail, so we can 
develop a convincing critique of them. In the past, ad-
vocates of particular schemes have only had to talk in 
generalities, which always makes these ideas look more 
appealing than the status quo, which can be criticized 
in detail. For example, were computing funding to be 
allocated only as a result of a postdoc grant applica-
tion, how would we ensure that, say, graduate students 
and senior fellows have computers? It's not clear that 
wrinkles like this will sink these alternative schemes, 
but they have to be sorted out before we decide which 
approach to take. 

How do you perceive the relationship between your-
self and the ACP? 

As friendly! It should be made clear, though, that 
I am not a member of ACP, though I do attend its meet-
ings. This means that the only control I have over the 
ACP is my powers of persuasion. Similarly, the only 
control the ACP have over me is their powers of per-
suasion. In practice this means that we must hammer 
out issues between us, and arrive at a common point of 
view. 

Wil l you be visiting all of the  astronomy sites? 

I'm not sure about all UK astronomy sites, but I 
hope to see the majority of places where PPARC funds 
computing, 

How should readers of the Starlink Bulletin commu-
nicate their views to you? 

They should do what many astronomers 
have done already, and either e-mail me 
(timnQastro.keele.ac.uk), or corner me in person. 

Your remit covers solar-terrestrial physics and theo-
retical work as well as the types of astronomy cur-
rently supported by Starlink. What degree of overlap 
do you perceive between these areas? 

At the very basic level we are all using similar com-
puting hardware. Furthermore, both the observational 
astronomers and STP areas are reducing data that re-
quire extensive software and archiving. This naturally 
raises the question of why these three groups have very 

http://timnQastro.keele.ac.uk
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different degrees of co-ordination on hardware purchas-
ing, programming and system management. 

Is your objective to see money spent more wisely on 
astronomical computing or simply less money being 
spent? 

PPARC, and hence myself, have a duty to make 
sure the money is spent wisely. If we can get more 
science done by expanding the computing budget and 
cutting elsewhere, we have to do it; or the converse. 
One of the questions I'll be asking astronomers, is if 
they think the balance is right between, say, the grants 
line and the computing budget. 

What is the source of your excellent and expansive 
jumper collection? 

My mother does the knitting, but most of 
the choice of patterns and colours is my own. 
However, beware of cheap imitation patterns, such 
as those peddled by one of my colleagues at 
  

Chris Clayton, Starlink, RAL 

  

 

  

   
 

 

 
 

 

Members of the Astronomical Computing Panel, Standing, left to right: Chris Thomas, Peter Cargill, Mike 
Bode, Mark  Derek Ward-Thompson. Sitting: Peter Renton, Trevor Ponman, Ian Howarth, Peter 
Thomas. 

 

 
 

 
 

Tie HAC looks to the future of astronomical 
computing. 

http://www.astro.keele.ac.uk/catwalk.html
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New Products 
The items described here are on the Spring 1998 

Starlink CD-ROM. It is described in Starlink Software 
CD-ROMs, Spring 1998, User's Guide (SUN/212). 

New items 

A S T — is the new astrometry library. It provides 
the ability to a t tach World Coordinate System infor-
mat ion to astronomical data , to retrieve and manipu-
late tha t information and to generate graphical output 
based upon it. It is now used by GAIA; see the article 
on page 7. Two new documents give full details: AST 
- Fortran Interface (SUN/210) and AST - C Interface 
(SUN/211). 

 — is a Perl interface to the NDF li-
brary which allows Perl scripts to access and manipu-
late NDF da t a files. A new document contains details: 
NDFPERL - PERL Interface to NDF (SUN/222). 
N D F P E R L is required by the SURF package. (See the 
article about SURF on page 10.) 

 — is used for the reduction and 
analysis of long-slit and optical fibre array spectra, im-
plemented within the F IGARO package. This version 
is new for Linux as it is not dependent on the NAG 
library. There have also been some minor bug fixes 
and the document , TWODSPEC  Some Additions to 
Figaro  has been updated to match the ca-
pabilities of the Unix release. 

Application and Utility Updates 

A S T R O M — has been modified to   
number of reference stars from 1000 to 2000.  
- Basic Astrometry Program (SUN/5) has been up-
dated accordingly. 

C C D P A C K — v2.2 is able to run from the  
 (as well as the shell and  and is able to handle 

the s tandard foreign da t a set types via the CONVERT 
package. There have been a number of enhancements to 
the applications and CCDPACK - CCD data reduction 
package (SUN/139) has been updated. 

C O N V E R T — has been updated to contain two 
new commands , AST2NDF and SPECX2NDF, for convert-
ing Asterix d a t a cubes and SPECX maps to NDFs. 

 also contains improved facilities for converting to 
and from IRAF da t a and now works with IRAF v2.11. 
The document CONVERT - A  
Package (SUN/55) has been updated. 

C U R S A — v4.1 contains a major enhancement 
which provides some new applications for photometric 
calibration, typically used to convert a list of instru-
mental magni tudes (from say a set of CCD frames) into 
a list of calibrated magnitudes in a s tandard photomet-
ric system. The document CURSA - Catalogue and 
Table  Applications (SUN/190) has been 
updated with details and a new version of The CCD 
Photometric Calibration Cookbook (SC/6) has been is-
sued. There are some minor bug fixes and the limited 

 between CURSA and the PISA pack-
age (see PISA - Position Intensity and Shape Analysis, 
SUN/109) has been documented in SUN/190. See the 
article on page 12. 

   — v3.4 contains a number of minor bug 
fixes and some additions to one or two commands . 
See  - A friendly spectrum analysis program 
(SUN/50) for details. 

F I G A R O  v5.3 incorporates the S P E C D R E 
spectroscopy package and the add-on package 

 in the main F IGARO release as well as providing 
several enhancements and some minor bug fixes. The 
document FIGARO - A general data reduction system 
(SUN/86) has been substantially updated . See the ar-
ticle on page 14. 

F L U X E S — fixes a bug which caused the Local 
Sidereal Time to be incorrect because the possibility of 
a negative LST was being ignored. 

G A I A — provides astrometric grid plott ing from 
suitable labelled datasets , and SkyCat catalogue han-
dling. The document GAIA - Graphical Astronomy 
and Image Analysis Tool (SUN/214) has been updated . 
See the article on page 7. 

K A P P A — v 0 . l l enables K A P P A to run from 
the IRAF cl; there are no changes to the K A P P A ap-
plications themselves. KAPPA for IRAF (SUN/221) 
contains details of how to use KAPPA under IRAF. 

P O N G O — works under the IRAF cl and is now 
able to use the foreign da ta access system to handle 
FITS and IRAF da ta formats. The document PONGO 
- A set of Applications for Interactive Data Plotting 
(SUN/137) has been updated. 

S P E C X — has a modified graphics capabilities 
file to fix some problems using various graphics devices, 
and a bug has been fixed in the graphics system which 
caused problems for PostScript devices. 

S U R F  is for SCUBA da ta reduction. It has 
been substantially upgraded to provide new reduction 
facilities, enhance existing reduction tasks, and to fix 
various bugs. The document SURF - SCUBA User 
Reduction Facility (SUN/216) has been updated . 

S X (Digital Unix and Solaris 2 only) — has been 
updated to add an AXES parameter to the ndf2dx 
program. Both SX & DX - IBM Data Explorer for 
Data Visualisation (SUN/203) and The DX Cookbook 
(SC/2) have been updated. 

Infrastructure Updates 

C A T — has various minor bug fixes. CAT - Cat-
alogue and Table Manipulation Library (SUN/181) has 
been updated. 

F I T S I O — has been updated to version 5.0.3. 
  -  FITS   has been updated 
and there is a new version of the FITSIO User's Guide 
(MUD/16) . 
(Continued on page 11) 

http://v0.ll
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New Features in GAIA 

The latest release of GAIA, the Graphical Astron-
omy and Image Analysis Tool, has a range of new, as-
tronomically interesting features. These include access-
ing and displaying catalogue, archive and image data 
obtained from the World Wide Web and displaying, 
creating and modifying image astrometry calibrations. 

The new web browsing facilities are a product 
of changing GAIA to use the SkyCat tool from the 
European Southern Observatory (ESO), and the new 
astrometry features from converting to the Starlink 
astrometry library (AST). Existing users of GAIA 
shouldn't let these changes concern them, as it retains 
all its previous abilities for doing image display, colour 
table manipulations, aperture photometry, blink com-
parison, image patching and so on. 

Taken all together, these new features make GAIA 
the ideal tool for investigating the objects and environ-
ment of your data (or target data), producing anno-
tated  and determining sky coordinates. 

On-Line Catalogues 

The catalogues that are available at present are: 
ABELL, GSC, IRAS PSC, PPM, PPM1, QSO, RC3, 

USNO and ZCAT, all of which are made available 
through services at ESO and the Canadian Astron-
omy Data Centre (CADC). Successful queries to these 
servers result in the return of a list of positions (plus 
other data, if available), which are then identified on 
your image as markers of various shapes (assuming your 
data has a suitable astrometry calibration, of course). 
The results are shown in Figure 1. 

In addition to these "normal" catalogues, you can 
also query the  Extragalactic (NED) and 
SIMBAD databases about your field (these are also 
used to provide name resolution services). The result of 
a NED query on a field about the galaxy  1275 is 
shown in Figure 2. Some bibliographic details (mainly 
about where the object position originated) may also 
be available with links to the NASA Astrophysics Data 
System (ADS) where you can view the associated ab-
stract. 

Catalogues can be saved to local files, so you can 
re-plot the positions and manipulate them (once saved 
to a local file you can sort, add and remove entries from 
the list of positions). 
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Figure 1: This image shows the results of making two 
queries with identical parameters on the Guide Star 
(GSC) (squares) and U.S. Naval Observatory (USNO) 
(circles) catalogues. They are well correlated as the 
USNO positions are calibrated using the GSC. Such 
queries can verify the astrometric calibration of your 
images. Both catalogues are equally useful as they can 
give different coverage. 

Figure 2: GAIA is shown here displaying the result of 
a NED query on the region about NGC 1275. Each of 
the boxes indicates the position of one of the objects 
listed in the query window. Further information about 
the object can be obtained using the "More Info" but-
ton, which starts up Netscape. 
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Figure 3: Results of a query on the HST archive at 
CADC for the  1275 field, shown in Figure 2. As 
well as the fields shown, the release date and the dataset 
name are available. The result of using the "Preview" 
option on one of the fields is shown in Figure 4. 

 
    

    

      

     

      

     
  

 

 

      

Figure 4: This image shows one of the HST archive 
previews that are available for NGC1275. It also shows 
a grid overlay drawn by GAIA. 

Data Archives 

Using the SkyCat query facilities you can find out 
about any observations that have been taken by the 
HST and the ESO New Technology Telescope (again 
courtesy of CADC and ESO). The result of such a query 
on the field displayed in Figure 2 is shown in Figure 3. 
It is possible (when the data have been released to the 

general community) to see previews of HST observa-
tions. One such preview is shown in Figure 4. You 
can also find out more details about the observations 
by going on-line with Netscape (using the "More Info" 
button). 

New Astrometry Facilities 

The advantages gained by changing to the Star-
link astrometry library (see Starlink User Notes 210 or 

 if you'd like to find out more about the details of 
this library) are that GAIA can now accept astrometry 
calibrations stored in most FITS "standards" (this in-
cludes the draft  and plot very sophisticated 
celestial coordinate grids. It has also opened the door 
to a world where the creation and modification of as-
trometry calibrations is considerably easier. In GAIA 
you can see this flexibility in action in new toolboxes 
for changing the image celestial coordinate system and 
graphically fitting or modifying the astrometric calibra-
tion. 

   

      

 

      

 
  

  

         

  

      

    
     

Figure 5: This image shows GAIA displaying 
some results from the COBE satellite (obtained from 
SkyView). The overlay shows Galactic coordinates us-
ing a zenithal equal area projection. 

Just to show how good the graphics facilities are, 
two examples are shown in Figures 5 and 6. AST (and 
GAIA) can of course also draw more usual  
the front page of this Bulletin and Figure 4. Control 
is available over which parts of the plot are drawn, the 
colours, widths, scales, fonts, titles, labels and so on. It 
is also possible to change the celestial coordinate sys-
tem (so that you can plot grids in FK5, FK4, Ecliptic, 
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Galactic, SuperGalactic and Geocentric Apparent 
ordinates), or you can just plot a grid or set of axes in 
pixel coordinates. Naturally, this can all be printed to 
a PostScript file for creating overheads. 

You might say at this point, "that's really great, 
but how can I plot grids like that for my images" ? The 
answer is to use the new toolboxes to calibrate your 
image astrometrically, after which plotting a grid is a 
couple of button presses away. There are four new 
boxes (in addition to the one that controls grid plot-
ting), that allow you to: 

• use reference stars to fit an astrometric calibra-
tion, 

• copy calibrations from other images, 

• use your knowledge of the image orientation, pixel 
scale and a reference point to define a calibration, 

• transform a calibration to another celestial coor-
dinate system, 

• or finally allow you to "tweak" a calibration (that 
is add small corrections of offset, scale and rota-
tion ) to make the fit "better". 

 

          

      

     

    
  

        
       

              

 

 

 

 
linage   -   -      coordinates 

Figure 6: This image shows a grid overlaid on a re-
gion of sky that includes the equatorial North Pole 
(FK5/J2000). The image is taken from the DSS. 

The nice part of doing this type of work in GAIA 
is that it all happens graphically, so you can see where 
your reference positions really are and you can drag 
them around over your image and see them "jump" to 
their new positions when you make a fit, etc. 

Obtaining and identifying reference positions has 
also never been easier, as you can get these directly from 
on-line astrometry catalogues (i.e., GSC and USNO) 
and you can plot these over DSS images, before trans-
ferring the information to yours. Checking the quality 
of the calibration is also trivial; just look at any cat-
alogue positions you have and/or read off some test 
positions. 

There are many ways in which you can use the as-
trometry toolboxes to add an astrometric calibration. 
The one that I've become used to while developing them 
is to add a rough calibration (either by using a few ref-
erence positions, or by copying a calibration from a sim-
ilar, say dithered, image, or as a last resort by trying 
out an image scale and reference position) and then to 
re-fit the image completely using all the positions I've 
got from one of the on-line astrometric catalogues. 

Other changes 

In this new release GAIA has also been changed in 
many other ways, not mentioned above, some of which 
are also the result of upgrading to more recent releases 
from ESO and some of which have been requested. A 
not very long or exhaustive list follows: 

• GAIA can now be used from the IRAF CL com-
mand line (note this doesn't mean that it works 
with the cursor commands, etc.). 

• A new toolbox for getting image statistics has 
been added. 

• The image slice can now be saved to a file. 

• The main control panel can now be hidden at any 
time (good for large images and small displays). 

To try out GAIA for yourself type the following 
command: 

 gaia [image_f  

from the  Or alternatively: 

cl> gaia 
cl> gaiadisp [ image_fi le] 

if GAIA is installed on your system. 

Peter Draper, Durham P.W.Draper@durham.ac.uk 

mailto:P.W.Draper@durham.ac.uk
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SURF: Reducing SCUBA data 
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The Submillimetre Common-User Bolometer Ar-
ray (SCUBA) is now in operation at the James Clerk 
Maxwell Telescope (JCMT) on Mauna Kea. With 128 
bolometers, SCUBA is the largest submillimetre array 
in the world and can observe simultaneously at two 
wavelengths. 

Although quick-look images are provided on-line, 
the raw data must be processed off-line by software 
specially designed to deal with SCUBA data1. The 
SCUBA User Reduction Facility [1] [2]) provides the 
software necessary for reducing SCUBA data and sup-
ports all the standard observing modes: 

Photometry: This mode is used to measure the flux 
of a point source. In its simplest guise the obser-
vation involves pointing a single bolometer at the 
source, measuring the signal, chopping and nod-
ding to reduce the effect of sky emission, and in-
tegrating to build up the signal-to-noise. SCUBA 
also allows for 2 or 3 bolometer photometry (chop-
ping on the array), simultaneous photometry us-
ing the long and short wave arrays, and jiggling 
on source to reduce the effects of seeing. 

Jiggle-mapping: This is the main imaging mode for 
sources which are smaller than the array (i.e., less 
than about 2  As the SCUBA arrays 
are not fully-sampled and not on a rectangular 
grid, images can not be taken in the same way 
as for an optical CCD array. At least 16 individ-
ual secondary mirror, or 'jiggle', positions (each 
of 1 second) are required to make a fully sampled 
image (64 jiggles are required if both the long 
and short wave arrays are being used simultane-
ously). The SURF data reduction package must 
take these data, combine them and regrid them 
onto a rectangular grid. 

Scan-mapping: Scan mapping, as the name suggests, 
is performed by the telescope scanning across an 
area of sky while simultaneously chopping. Dur-
ing the scan, care is taken that enough bolome-
ters measure the same patch of sky so that the 
image is fully sampled, so it does not require jig-
gling or additional scans. This mode is suitable 
for sources that are extended. SURF combines 
the two beams that result from the chopping into 
a single-beam map. 

Skydips: Sky opacity is derived by measuring the sky 
temperature at different airmasses. SURF fits a 

sky model to these data to derive the zenith sky 
opacity. 

Version 1.0 of SURF was released in July 1997 to 
coincide with the start of regular scheduled SCUBA 
observing in PATT Semester 97B. The latest version of 
SURF  will appear on Starlink's Spring CD-ROM 
and contains many enhancements. 

There are 5 new tasks in this release: 

• despike despikes jiggle data by comparing data 
from the same region of sky. 

• despike2 despikes SCAN data. 

•  extracts flatfield information into a 
text file. 

• scuclip finds large spikes in bolometers. 

• scan_rlb removes linear baselines from SCAN data 

There have also been upgrades to existing tasks 
that should make the reduction of SCUBA data more 
painless: Automatic generation of output filenames, the 
ability to specify input data by observation number and 
support for position offsets. Additionally the  
and SKYDIP tasks have been improved. 

More information on the upgrade can be found in 
the online help: 

•/. surf 

'/,  New 

or in the hypertext documentation: 

  Changes  

o o o 
 

36e  

Right Ascension  

Figure 1. This is a SCAN/MAP image of the W48 
  region. The image was generated by 

SURF. 

An automated data reduction pipeline, using SURF, is being planned. 
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Future directions terns VII, (San Francisco: ASP), in press. 

Whilst the basic data reduction tasks are now in place 
there is currently no support for the SCUBA Polarime-
ter or sky removal from SCAN/MAP data. Both these 
features will be added for the next major upgrade of 
SURF. 

References 
[1] T. Jenness, J. F. Lightfoot, 1998a, in ASP Conf 

Ser., Astronomical Data Analysis Software and Sys-

(Continued from page 6) 
G R A P H P A R — The device name buffer size 

has been increased to handle long device names like 
 

H T X — has been updated to provide some new 
features and fix some bugs. HTX - Hypertext Cross-
reference Utilities (SUN/188) has been revised to pro-
vide details of the changes. 

 — is a package for programmers. It has been 
updated to change its behaviour in some circumstances. 
IFD - Interface definition Files (SSN/68) has been up-
dated. 

I R A F S T A R — has FITS file handling added to 
the default setting for the automatic data-conversion 
system. A new task  i t s will force FITS file out-
put by default (for use with IRAF v2.11). Running 
Starlink applications from IRAF CL (SUN/217) and 
IRAFSTAR - The   In-
frastructure (SSN/35) have been revised. 

N D F — has been updated to enable the use of the 
new AST library for handling World Coordinate Sys-
tem data within NDFs. NDF - Routines for Accessing 
the Extensible  Data Format (SUN/33) 
and Adding Format Conversion Facilities to the NDF 
Data Access Library (SSN/20) have been updated. 

P C S — v3.3 has a new control message type, 
SETENV, which may be used to set an environ-
ment variable in a process running a task. In ad-
dition,  will now treat single and 
double quotes as equivalent in a given string, and 

 and  have been mod-
ified to allow longer arrays (up to 100 elements) to be 
converted into strings (up to 250 characters). ADAM -
Unix Version 3.3 (SUN/144) has been updated. 

SLA — has been updated to include the Sub-
aru telescope (Japanese National 8-metre telescope, 
Mauna Kea) in the SLA_0BS routine, and to extend 
the SLA_DAT routine back to the inception of UTC in 
1960. The document SLALIB - Positional Astronomy 
Library (SUN/67) has been updated. 

STAR2HTML —  provides  versions 
of the standard document templates and adds a 
book template s c . t e x . A script x l abe l has been pro-
vided which adds the recommended form of \ x l a b e l 
to  and  headings. The docu-
ment STAR2HTML - Converting Starlink Documents 

[2] T. Jenness, J. F. Lightfoot, 1998b, The SCUBA 
User Reduction Facility (SUN/216), Starlink. 

[3] G. Sandeil, 1997, The SCUBA mapping cookbook: A 
first step to proper map reduction (SC/11), Starlink. 

[4] J. A. Stevens, R. J. Ivison, T. Jenness, 1997, The 
SCUBA photometry cookbook (SC/10), Starlink. 

Tim Jenness, Joint Astronomy Centre 
 

to Hypertext  has been updated. 

Withdrawn Applications and Util it ies 

IRAFFIG — is a set of add-on files to enable FI-
GARO to run from the IRAF cl. FIGARO has been 
updated to contain all the necessary files so IRAFFIG 
has been withdrawn. SUN/220 has been withdrawn 
and the relevant content included in the Figaro docu-
ment (SUN/86). 

S P E C D R E — has been incorporated into the FI-
GARO release (v5.3) and has ceased to be distributed 
as a separate package.  has been withdrawn 
and the relevant content included in the Figaro docu-
ment (SUN/86). See the article on page 14. 

Updated Software Documents 

The following software is unchanged, but the doc-
uments have been updated. 

AGI — the document AGI (SUN/48) has a cor-
rection to the description of the  routine to 
show the correct arguments. 

ASUR V — the document ASURV - Astronomical 
Survival Statistics  is now available in hyper-
text. 

 S  — the document HSD TRACE -
Listing HDS Data Files  has been updated 
and a hypertext version produced. 

Documents 

Several documents not directly related to particu-
lar packages have been updated. 

• The  Cookbook (SC/4) has been updated. 

• The Starlink Guide: Preparing to Observe 
 has been updated. 

• Starlink Subroutine Libraries, A Guide for Pro-
gram Development and Linking (SUN/202) has a 
new subsection concerning compiling and linking 
on Linux systems. 

Martin  Starlink, RAL ussc@star.rl.ac.uk 

mailto:ussc@star.rl.ac.uk
file:///xlabel
file:///section
file:///subsection
mailto:t.jenness@jach.hawaii.edu
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Calibrating CCD Photometry 

The techniques for removing the various instru-
mental defects from optical CCD frames are well-known 
and similarly there are well-understood methods for 
measuring the brightness of objects detected in CCD 
frames. Numerous pieces of software are available for 
performing these tasks, such as CCDPACK [3] for re-
moving inst rumental effects and GAIA [5] or PHO-
T O M [2] for measuring magnitudes and similar facilities 
are available in MIDAS and IRAF. The situation was, 
perhaps surprisingly, rather different for the final stage 
of performing astronomical photometry with CCD de-
tectors: converting the instrumental magnitudes mea-
sured in CCD frames (using GAIA, etc.) into stan-
dard photometr ic systems, such as the Johnson-Morgan 
UBV system. There was no software for this task in 
the Starlink Software Collection, nor was there even an 
accessible, introductory description of the techniques 
involved. 

Recently Starlink has made a three-pronged attack 
on this problem. We have: 

• added applications for photometrically calibrat-
ing tables of objects measured in CCD frames to 
the CURSA package [4] for manipulat ing cata-
logues and tables, 

• writ ten The CCD Photometric Calibration 
book [1] which describes the basics of photometric 
calibration and gives simple recipes for carrying 
out the common operations, 

• made available a collection of catalogues of pho-
tometric s tandards , which are used during pho-
tometr ic calibration, in a format which is fully 
compatible with CURSA. 

The use of the CURSA photometr ic calibration 
applications and the catalogues of photometr ic stan-
dards are described in the cookbook [1]. The addi-
tion of these facilities means tha t the Starlink software 
can now be used for the complete reduction of CCD 
photometry, from the initial removal of ins t rumental 
effects through to the final calibration of magni tudes 
into a s tandard photometric system. The accompa-
nying article A Road-Map for CCD Photometry (on 
page 17) gives a ' road-map ' of the various Starlink pack-
ages which can be used for photometry. 

Photometric Calibration in CURSA 

The new applications for photometr ic calibra-
tion in CURSA  c a t p h o t o m t r n and 

 convert instrumental magnitudes , as 
measured from images in a CCD frame, into calibrated 
magnitudes in a s tandard photometric system. They 
operate on a list of objects assembled into a table rather 
than on individual objects and use the tradit ional tech-
nique of defining the calibration with s tandard stars. 
Briefly, the s tandard stars have known magni tudes in 
the target photometric system and they are observed, 
and their magnitudes in the instrumental system deter-
mined, along with the programme objects. It is then 
possible to use the s tandard star measurements to de-
fine the transformation between the inst rumental and 
s tandard system, essentially using least squares fitting. 
Once the transformation has been determined it can 
simply be applied to the programme objects. F i g u r e 1 
shows the output produced by fitting a list of s tandard 
stars. 

Coefficients determined successfully from fitting 13 stars: 

zero point =  23.474252 
atmospheric extinction = 0. 085569 

(minimum residual vector length = 0.018932) 

Seq. Star Fit Air Cat. Instrumental  
no. mass Hag.  observe residual 

1 113Z475 Y 1.16 9.737 9.745 16.370 -0.008  ********** 
2 110Z450 Y 2.20 11.033 11.026 17.740 0.007  
3 114Z531 Y 1.13 11.672 11.668 18.290 0.004 :***** 
4 113Z475 Y 1.41 9.737 9.744 16.390 -0.007 ;******** 
5 114Z548 Y 1.23 10.868 10.869 17.500 -0.001 :* 
6 94Z251 Y 1.14 10.547 10.547 17.170 0.000 
7 93Z424 Y 1.18 11.067 11.063 17.690 0.004 :**** 
8 95Z74 Y 1.17 10.931 10.924 17.550 0.007 :******** 
9 96Z737 Y 1.26 10.982 10.986 17.620 -0.004  
10 97Z249 Y 1.14 11.369  17.990 0.002  
11 94Z251 Y  10.547 10.550 17.210 -0.003  
12 95Z301 Y 1.32 10.527 10.521 17.160 0.006 : ******* 
13 99Z367 1.15 10.618 10.606 17.230 0.012 13 99Z367 1.15 10.618 10.606 17.230 0.012 
14 96Z737 Y 1.81 10.982 10.989 17.670 -0.007 :  

Standard deviation of the residuals: 
Fitted stars: 0.005 (13 points). 
All stars: 0.006 (14 points). 

F i g u r e 1. Example output from fitting standard and instrumental magnitudes for standard stars. The table lists 
the residuals for the individual stars. The bar of asterisks to the right of each line is a simple graphic representation 
of the size of the residual; it is scaled according to the absolute size of the residual. See the documentation [4] [1] for 
further details. These data are provided courtesy of John Lucey (Durham). 
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The CURSA applications use the simplest prac-
tical form for the transformation between the instru-
mental and standard systems, without any colour cor-
rections. The practical consequences of this approach 
are that the applications are robust, relatively 
forward to use and widely applicable, but that they are 
not appropriate where the utmost accuracy is required. 
Nonetheless with modern instrumentation, good ob-
serving conditions and carefully executed observations 
they can give results accurate to within 0.01 magnitude. 

The tables of standard stars and programme ob-
jects can be prepared using  's Small Text List 
(STL) format which makes them easy to create and 
modify. The photometric applications are fully docu-
mented [4] and the cookbook [1] includes a recipe which 
is a practical example of using them. 

CCD Photometric Calibration Cookbook 

The CCD Photometric Calibration Cookbook [1] 
was originally issued last year (April 1997). However, 
it has been revised and expanded to cover the new 

CURSA photometric calibration applications. The re-
vised document is divided into two parts: the first is 
an introduction to astronomical photometry, the sec-
ond a set of recipes for performing specific tasks. The 
document is aimed at beginners new to the subject and 
assumes no prior knowledge of astronomical photome-
try. 

The introduction to photometry presents the basis 
of the subject, from the definitions of radiation theory 
and the magnitude scale through photometric systems 
to the techniques for calibration. It concentrates on the 
usual technique of calibration using standard stars. As-
tronomical photometry is a diverse and complex subject 
and only the rudiments can be adumbrated in the space 
available. However, numerous references are given. 

The recipes cover the usual tasks of CCD pho-
tometric calibration: selecting suitable standard stars 
(which, of course, is done prior to observing), measur-
ing instrumental magnitudes using GAIA or PHOTOM 
and finally calibrating the instrumental magnitudes 
into a standard photometric system with CURSA. Fig-
ure 2 shows GAIA being used to measure instrumental 
magnitudes. 
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Figure 2. An example of measuring the instrumental magnitude of a star using the aperture photometry function 
in GAIA. See the documentation [5] [1] for further details. 
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Catalogues of  Standards '/,   

Numerous catalogues of standard stars suitable 
for photometric calibration have been published. The 
cookbook [1] gives a list. The most useful for calibrat-
ing CCD observations are perhaps those by Landolt. 
Versions of  catalogues [6] [7] [8]) catalogues 
have been prepared in a format which is fully compati-
ble with CURSA (that is, the celestial coordinates are 
in a format which CURSA can interpret). 

The catalogues can be obtained by anonymous ftp. 
The details are as follows. 

Anonymous ftp to:  roe .ac.uk 
Directory:  
File:  tar  

You must set ftp to  mode before retrieving 
the file. The file is a compressed tar archive. It must 
be decompressed with Unix command uncompress (sic) 
and its contents extracted by typing: 

tar xvf  

I am happy to include additional catalogues of pho-
tometric standards in the collection. If there is one 
which you would like added then please contact me. 

Finding Out More 

Paper copies of Starlink documents are available 
at all Starlink sites. If you do not know where they 
are kept at your site then your site manager should be 
able to advise. Starlink documentation is also avail-
able as hypertext via the World Wide Web. It can be 
accessed using the command showme. For example, to 
view SC/6 [1] you would simply type: 

A new version of FIGARO has been released, 
which includes 23 powerful applications originally avail-
able only in the SPECDRE package but which are now 
available to FIGARO users. These are: 

 CIN: reads axis values, pixel widths, data values, 
and data errors from an ASCII table into an NDF 
data structure. Complex NDFs can be created 
from ASCII descriptions with a single command. 

R E S A M P L E : A dull sounding but very powerful 
and useful program that takes a list of one-
dimensional NDFs as input, re-samples them to 
a common linear grid of axis values, and averages 
them into a single one-dimensional NDF. 

Additional information about CURSA is available 
at its 'home page' (URL: 
http  
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FITGAUSS: A particularly robust and flexible Gaus-
sian fitting program. 

SPECGRID: Displays many  spectra simultane-
ously in an array of cells. A very useful data vi-
sualization tool. 

X T R A C T : Averages an N-dimensional cube into an 
(N-M)-dimensional one. Very useful for process-
ing 3-D data with software that can only deal with 
2-D data. 

For further information, see the document FI-
GARO — A general data reduction system, (SUN/86). 

Chris Clayton, Starlink, RAL 

New Commands  FIGARO 

mailto:acd@roe.ac.uk
http://ac.uk
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Visualizing JCMT and ROSAT Data 

Various modern astronomical instruments generate 
data which are naturally represented as 'data cubes:' 
three-dimensional grids of points where two axes corre-
spond to positions on the sky (or more accurately po-
sitions on the celestial sphere projected on to a plane 
in some fashion) and the third to some measure of dis-
persion. That is, the dataset is a grid of points on the 
sky with a spectrum at each position. Notable exam-
ples of such types of data are mm or sub-mm 
length heterodyne observations made with the James 
Clerk Maxwell Telescope (JCMT) in Hawaii and binned 
datasets observed with the ROSAT X-ray astronomy 
satellite  

It is difficult to display data cubes using conven-
tional techniques. For example, SPECX [7], the pack-
age usually used to reduce JCMT heterodyne observa-
tions, can display data cubes as a collection of small 
contour maps, laid out on a grid, with each contour 
map corresponding to a different position on the veloc-
ity axis. However, even with this technique it is dif-
ficult to gain an impression of the overall structure in 
the cube. 

In recent years a number of special-purpose 'visu-
alization packages' have been developed, some as com-
mercial products, others in the public domain. Display-
ing data cubes is one of the major functions of these 
packages and they contain powerful and sophisticated 
facilities for doing so. Data cubes can be shown as an-
imations (or 'movies') showing a slice moving through 
the cube or alternatively as ' iso-surfaces (the three-
dimensional analogue of contours). The viewing di-
rection, magnification and colour table can all be ma-
nipulated. The visualization package recommended by 
Starlink is Data Explorer (DX), a commercial package 
from IBM. A number of Starlink sites have bought it, 
mainly for use in displaying numerical simulations. 

Recently Starlink has done some work to facili-
tate visualizing JCMT and ROSAT data cubes with 
DX. Two new applications have been written to convert 
JCMT and ROSAT data cubes into a format which can 
be imported into DX. specx2ndf converts a SPECX 
map file into a standard Starlink NDF  
Data Format) data cube and ast2ndf similarly con-
verts a ROSAT cube in the Asterix binned format [1]. 
specx2ndf in particular is quite a sophisticated appli-
cation which allows the dispersion axis to be expressed 
as either a frequency or as a radial velocity about the 
rest frequency of the line relative to one of a number of 
standards of rest. Once the data cubes have been con-
verted to NDF format they can be imported into DX, as 
well as being accessible to various other Starlink pack-
ages, such as KAPPA [3]. specx2ndf and ast2ndf have 
been added to CONVERT [4], a package which con-
tains applications for converting between various dif-
ferent formats. Additionally, The DX Cookbook [5] has 
been enhanced to include complete recipes for convert-
ing, importing and displaying JCMT and ROSAT data 
cubes. Simple visual programs ('networks' in the jar-

gon of DX) for visualizing the cubes are available with 
the Cookbook. 

Figure 1. JCMT CO spectral line map  
of the S106 molecular cloud. Note the two peaks sepa-
rated in velocity. 

Figure 1 shows a single iso-surface (or three-
dimensional contour) in a JCMT data cube. These 
data are an observation of emission from the  
J = 2  1 transition in the molecular cloud  
The iso-surface contour level corresponds to a bright-
ness temperature of  The cube is viewed so 
that velocity increases from left to right, right ascension 
increases from bottom to top, and declination increases 
'into' the page (the units of the axes have all been nor-
malized to run in a range from 0 to 1 for ease of view-
ing, but any values can be chosen). When viewed from 
this 'angle', the cloud can be seen to contain two main 
peaks, separated in velocity space, with the secondary 
smaller peak showing up at a higher velocity than the 
main peak. 

 

   

 

Figure 2. The same iso-surface as in Figure 1, 
but viewed from an angle roughly 'orthogonal' to that 
in Figure 1. The second peak is no longer visible. 
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Figure 2 shows the same iso-surface from a differ-
ent angle, orthogonal to the first. Now declination runs 
from left to right, right ascension still runs from bottom 
to top, and velocity increases into the page. This view 
is closer to the traditional two-dimensional rendering of 
an image of a molecular cloud. The secondary peak is 
obscured by the main peak and the velocity detail has 
been lost somewhat. 

 

Figure 3. The same iso-surface as in Figure 1, 
but viewed from an angle somewhat 'above' that in Fig-
ure 1, and 'zoomed' in. The second peak is clearly 
visible. 

Figure 3 shows the same iso-surface from a dif-
ferent angle again; similar to that in Figure 1, but 
zoomed in to discern the second peak more clearly, and 
seen from slightly 'above' the viewing angle of Fig-
ure 1. The second peak can be seen at a different 
velocity from the major part of the cloud emission, and 
hence is probably at a different distance from the main 
cloud. This example is very simple, but is meant merely 
to illustrate how DX can be used to inspect structure 
in JCMT spectral line maps. 

 

Figure 4. A slice through a ROSAT binned 
dataset for the irregular galaxy M82. The slice shows 
the image of the galaxy at a single energy. 

Finally, Figure 4 shows a single slice in a ROSAT 
observation of irregular galaxy M82 (NGC 3034). 
Again this is a very simple example. Often DX is used 
to generate an animation showing a sequence of such 
slices sweeping through the cube. These four Figures 
are just examples of the types of visualizations which 
can be produced with DX. It is straightforward to write 
DX networks to produce visualizations tailored to your 
own requirements. 

Finding out more 

DX is not available at all Starlink sites. Your site 
manager should be able to advise whether it is avail-
able at your site. There is Starlink documentation for 
DX [2] [5], CONVERT [4], and a general introduction 
to scientific visualization [6]. 

Paper copies of Starlink documents are available 
at all Starlink sites. If you do not know where they are 
kept at your site then again your site manager should 
be able to advise. Starlink documentation is also avail-
able via the World Wide Web and can be accessed using 
the command  For example, to display SC/2 [5] 
you would simply type: 

'/, showme  

from the Unix command line. 
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Road-Map for CCD Photometry 

There are numerous packages in the Starlink Soft-
ware Collection which are either specifically concerned 
with some aspect of CCD photometry or which are 
general-purpose utilities tha t are useful when carrying 
out CCD photometry. It is not always obvious how the 
various packages inter-relate nor which is suitable for 
which purpose. This article aims to be a  
CCD photometry: an overview which will help you to 
locate the packages suitable for your purposes. It con-
centrates solely on panoramic (two-dimensional) pho-
tometry from direct images obtained with optical CCD 
detectors operated in the conventional fashion. 

The stages involved in reducing panoramic CCD 
da ta are typically as follows. 

1. Convert the da t a from the format in which they 
were provided by the observatory  a format 
which the reduction software can read. 

2.  various instrumental effects. Typically 
de-biasing and flat-fielding corrections have to be 
made and bad pixels and cosmic-ray events cor-
rected for. 

3. Determine instrumental magnitudes for objects of 
interest in the CCD frames. 

4. Cal ibrate these instrumental magnitudes into 
a s tandard photometr ic system, such as the 
Johnson-Morgan UBV system. 

This sequence will vary depending on the details of 
your programme. In some cases step 1 will be unneces-
sary because the da t a reduction software will be able to 
read the da t a in the format in which they are provided. 
For some programmes step 4 is not needed. For other 
programmes steps 3 and 4 will be replaced by alterna-
tive procedures, such as determining surface-brightness 
profiles and other parameters for extended objects. 

The Starlink packages which are specifically in-
tended for aspects of CCD photometry, together with 
other more general packages which are likely to be 
useful, are shown grouped into a number of cate-
gories in F i g u r e 1. Note tha t some packages ap-
pear in more than one category. Though the pack-
ages listed are separate and distinct they can inter-
operate to a large extent. All the packages which op-
erate on two-dimensional da ta use Starlink's Extensi-
ble  Da ta Format (NDF [16]) and thus 
files wri t ten by one package are usually accessible to 
another. 

Packages in the 'general uti l i ty ' category are not 
particularly intended for CCD photometry, but are 
nonetheless useful. In particular KAPPA [1] is a set 
of utilities which underpins the more specialized pho-
tometry applications. It provides basic facilities such 
as image display and basic manipulations such as im-
age ar i thmetic . 

In addition to the manuals for the individual pack-
ages there are two Starlink cookbooks tha t are relevant 
to CCD photometry. The 2-D CCD Data Reduction 
Cookbook [13] presents a set of recipes for removing the 
instrumental effects from CCD frames (de-biasing, flat-
fielding etc.). The CCD  Calibration 
book [11] presents recipes for measuring instrumental 
magnitudes and converting them into a s tandard pho-
tometric system. Both documents are aimed at begin-
ners and assume no prior knowledge of the subject. If 
you are new to CCD photometry they should probably 
be your start ing point. Some notes on the individual 
categories follow. 

Format Conversion 

The CONVERT package [3] contains applications 
for converting between a number of different da ta for-
mats . You can use applications in C O N V E R T to con-
vert your da ta to the N D F format prior to start ing to 
reduce them. However, most Starlink applications can 
read da ta in a number of different formats (they au-
tomatically and invisibly convert the da ta to the NDF 
format 'on-the-fly' as they read them) . Thus, you may 
prefer to omit this step. 

Observatories often export CCD frames in the 
FITS (Flexible Image Transport System) format. Both 
the CONVERT package and the automat ic conversion 
facility can read files in FITS format. 

General Utilities 

KAPPA [1] is a set of basic utilities for displaying 
and manipulat ing two-dimensional images. It under-
pins the more specialized packages and you will find it 
extremely useful. F IGARO [15] is a general package 
for reducing astronomical da ta . Though largely ori-
ented towards spectroscopy it contains some facilities 
for reducing direct images and performing photometry. 

GAIA [5] is a powerful and flexible interactive tool 
for displaying and processing images. It also contains 
some facilities for aperture photometry (see below). It 
was developed from an image display tool writ ten at 
the European Southern Observatory. SAOIMAGE [10] 
is another image display tool. It was writ ten at the 
Smithsonian Astrophysical Observatory. 

HDSTRACE [2] is a utility for inspecting the con-
tents of an NDF format file.2 

Removal of Instrumental Effects 

CCDPACK [7] provides extensive facilities for 
removing the instrumental effects present in CCD 
frames   removing bad pixels 
and cosmic-ray events, etc.). The cookbook [13] is a 
beginner's guide to removing instrumental effects from 
CCD frames. 

 HDSTRACE can inspect the contents of any file in Starlink's HDS (Hierarchical Data System [17]), not just the NDF 
variant of it. 
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Package Description Document Ref 

Format Conversion 
CONVERT format conversion 

General Util it ies 
KAPPA 
FIGARO 
GAIA 
SAOIMAGE 
HDSTRACE 

image manipulation utilities 
general data reduction 
image display and reduction 
image display 
list contents of data file 

SUN/55 [3] 

SUN/95 [1] 
SUN/86 [15] 
SUN/214 [5] 
SUN/166 [10] 
SUN/102 [2] 

Removal of Instrumental Effects 
CCDPACK CCD data reduction 

Measuring Instrumental Magnitudes 
GAIA 
PHOTOM 
FIGARO 
DAOPHOT 
STARMAN 

aperture photometry 
aperture photometry 
aperture photometry 
point spread function fitting 
point spread function fitting 

Surface Photometry and Object Detect ion 
ESP surface photometry 
PISA object detection and characterisation 

Cookbooks 
The 2-D CCD Data Reduction Cookbook 
The CCD Photometric Calibration Cookbook 

SUN/139 [7] 

SUN/214 [5] 
SUN/45 [8] 
SUN/86 [15] 
SUN/42 [9] 
SUN/141 [12] 

Calibrating instrumental magnitudes 
CURSA calibration to standard photometric system SUN/190 

SUN/180 
SUN/109 

SC/5 
SC/6 

[4] 

[14] 
[6] 

[13] 
[H] 

Figure 1. Packages and documents in the Starlink Software Collection for different aspects of CCD photometry. 
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Measuring Instrumental Magnitudes 

GAIA [5] and PHOTOM [8] allow you to measure 
instrumental magnitudes for objects in CCD frames 
using aperture photometry. FIGARO [15] also con-
tains some facilities for aperture photometry. This 
technique is typically used in uncrowded star fields. 
DAOPHOT [9] and  [12] allow you to mea-
sure instrumental magnitudes using point spread func-
tion fitting. This technique is typically used in crowded 
star fields, such as an image of a globular cluster, where 
the individual star images overlap. DAOPHOT was 
written at the Dominion Astrophysical Observatory. 
See the cookbook  for a description of aperture pho-
tometry and point spread function fitting, and a further 
discussion of where each is applicable. 

Calibrating instrumental magnitudes 

CURSA [4] is a general-purpose package for ma-
nipulating astronomical catalogues and tables. It con-
tains some simple applications for calibrating instru-
mental magnitudes measured from CCD frames into 
a standard photometric system, such as the Johnson-
Morgan UBV system. These applications operate 
on tables containing lists of instrumental magnitudes 
rather than individual magnitudes (hence their inclu-
sion in CURSA). It is straightforward to assemble such 
tables from measurements of instrumental magnitudes 
made with GAIA, PHOTOM, etc. 

The cookbook [11] is a beginner's introduction to 
calibrating instrumental magnitudes. See also the ar-
ticle Calibrating CCD Photometry on page 12 of this 
issue of the Bulletin. 

Surface Photometry and Object Detection 

ESP [14] is a package for the surface photometry of 
extended objects. You might use it to determine indi-
vidual surface brightness profiles, ellipticities and other 
parameters for galaxies, nebulas or other extended ob-
jects. 

PISA [6] is a package to detect and determine pa-
rameters automatically for all the objects imaged in a 
CCD frame. You might use it to determine the po-
sition, brightness, ellipticity and orientation of all the 
galaxies imaged in a CCD frame of a galaxy cluster. 

Finding Out More 

Paper copies of Starlink documents are available 
at all Starlink sites. If you do not know where they 
are kept at your site then your site manager should be 
able to advise. Starlink documentation is also avail-
able as hypertext via the World Wide Web. It can be 
accessed using the command showme. For example, to 
view SUN/95 [1] you would simply type: 

'/, showme sun95 
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The Digitized Sky Survey 

This is a follow-up to the article Remote access to 
the Digitised Sky Survey by Clive Davenhall and Clive 
Page in the March 1997 issue of the Starlink Bulletin. 

To access any copy of the Digitized Sky Survey 
(DSS) tested below or a selection of other archives, on 
the Starlink Home Page click on Astronomy (under the 
column 'General ' ) , then Archives. 

We have conducted two experiments looking at the 
access t ime for the Digitized Sky Survey. Both show 
the t ime to display a preview image of the data , where 
available, and transfer it in FITS format, compressed 
where possible. The da ta were requested for three dif-
ferent field sizes: 0.1, 0.5, and 1.0 degrees. The tests 
were run in June and July 1997 between about 10:45am 
and 3:30pm BST. The reason for the delay in publish-

 this information was in order to verify and clarify 
the results. 

The experiments were as follows: 

1. Compare the retrieval of full-resolution da t a (1.7 
arcsec per pixel) from all six sites. This shows 
tha t both SkyEye and LEDAS offer the fastest 
service. See F i g u r e 1. 

2. Compare the retrieval of da ta binned into 300 x 
300 pixels for the two sites which offer this feature: 
LEDAS and  View. This shows tha t  View 
generally offers a faster service than LEDAS. See 
F i g u r e 2. (This test was rerun in February 1998. 
The retrieval t ime for both sites was longer, but 
the relative difference remained.) 
Note tha t SkyEye offers a J P E G preview for 
which the access t ime is similar to tha t for the 
LEDAS GIF preview. 

Note tha t LEDAS (at Leicester University) is con-
sidering an upgrade to put all the da ta on hard disc, 
which would greatly improve the speed. 
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F i g u r e 2. Compare the retrieval of data binned into 300 x 300 pixels. 
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Various features and restrictions of the six sites are 
listed in the Tab le 1 below.  is the First Gen-
eration survey which is 1.7 arcsec per pixel. DSS2 is 
the newer on-going Second Generation survey which is 
1 arcsec per pixel. The te rm field size is used here for 
what all the sites call image size, the area on the sky. 

Many factors affect the access t ime: 

1. d a t a compression — Compressed da ta transfers 
faster; however, some t ime is taken by the com-
pression process. 

2. F ITS format — 16-bit FITS format transfers 
faster than 32-bit. 

3. bandwidth and congestion of the da ta lines — 
This affects the transfer t ime. 

4. storage medium — Hard disks are faster than CD. 

The packages which use the various FITS astromet-
ric coordinate conventions are listed in Table 2 below. 
The following is a description of each of these conven-
tions: 

 — (The header contains PC001001, 
etc.). This is the draft FITS WCS standard de-
scribed in a draft Astronomy and Astrophysics 
paper by Greisen and Calabret ta . It has been 

many years in preparat ion and is still hotly de-
bated. There could well be major changes before 
the s tandard is accepted, including the replace-
ment of PC001001, etc., by CD1_1, etc. 

  This is the system upon which FITS-
WCS was largely built and has many similarities 
to it. It contains  etc. and usually does 
not contain CDELT1, etc. The range of projec-
tions and coordinate systems it supports is much 
less than FITS-WCS. 

 — This contains CDELT1 and  etc. 
It has been superceded by FITS-WCS and is not 
used much outside AIPS these days. 

D S S  This contains AMDX1 through AMDX20 and 
AMDY1 through AMDY20. It is totally different 
from the other systems, al though it may be incor-
porated into FITS-WCS eventually. 

Note: Using n e t s c a p e you can usually save a dis-
played GIF image to a file by positioning the cursor 
over the image and clicking the right-hand mouse but-
ton. This saves having to copy it again as the displayed 
image is already on your machine. 

Anne Charles, Starlink, RAL acc@star.rl.ac.uk 
Darrell Shayler, Wheatley Park School 

CADC ESO LEDAS SkyEye  View  

DSS1 medium CD <+24° dec on 
hard disk 
>+24° on CD 

CD CD? hard disk CD 

 medium CD CD CD 
field size limit ?  

 
 

< l ° x l ° 
 
( l °x l ° ) 

<4.5°x4.5°  
( l °x l ° ) 

choice of pixel 
size (ability to 
bin) 

no no yes no yes no 

preview for-
mat 

- - GIF JPEG GIF -

output format GIF, 
JPEG, 
FITS 

FITS, GIF GIF, FITS, 
HDS (NDF or 
Asterix-style) 

FITS,  
JPEG 

FITS, 
GIF 

FITS, GIF 

output 
compression 

gzip gzip none Unix, gzip, zip none Unix, gzip 

bits in FITS 16 16 16 16 32 16 
astrometric 
coordinate 
convention 

DSS, 
IRAF/HST 

AIPS, DSS, 
IRAF/HST, 
FITS-WCS 

AIPS  DSS AIPS DSS 

Table 1. Features and Restrictions of DSS Sites 

Package In use now Will use in future 
GAIA AIPS, DSS, IRAF/HST, FITS-WCS 
SAOIMAGE AIPS, DSS, IRAF/HST ? 

KAPPA AIPS, DSS, IRAF/HST, FITS-WCS 
Table 2. Packages Using Astrometric Coordinates 

mailto:acc@star.rl.ac.uk
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MRAO Cambridge Archive Mirrors 
for the NVSS and FIRST Surveys 

For faster access and downloading for UK (and European) users, MRAO Cambridge now has archive mirrors of 
the NVSS and F IRST radio surveys with Websites to serve the images from both surveys. 

NVSS — 
The  VLA Sky Survey 

(main site http://info.cv.nrao.edu/~jcondon/nvss.html) 

The NVSS Mirror is accessible via URL: 

h t t p  

which provides a link to the local 'postage-stamp server' 
enabling users to locate target areas within the image 
set and extract them as subimages in FITS (or J P E G ) 
format. This is probably the facility of most interest to 
potential users, since the accessing and transfer of im-
age da ta is the task most adversely affected by transat-
lantic network congestion at busy t imes. For the same 
reason a further link 'downloadable images ' provides 
for the less common need to select and transfer en-
tire images from the archive. A number of other links 
give access to background information and documenta-
tion. Users intending to make any substantial use of 
the source list will probably find it best to obtain a site 
copy of the source catalogue and associated software for 
searching and interpreting it, rather than interrogating 
it via the  below for notes on getting a copy. 

For those users who prefer or are limited by circum-
stances to anonymous ftp, the archive may be accessed 
by: 

 f t p f t p . m r a o . c a m . a c . u k 
(login as anonymous with your e-mail ad-
dress as password) 

 b i n a r y 
(if transferring FITS or gzipped data) 

 cd  
(this directory includes various documenta-
tion files and subdirectories) 

The images are in the MAPS subdirectory as gzip com-
pressed  files—the required <FILE>.gz can be 
transferred as is and expanded on receipt using g u n z i p 
on the user's machine. Users frequently needing to 
search the source list may wish to obtain a site copy 
of the raw source catalogue  and the 
NVSSl is t software to interrogate it. Both are avail-
able from the CATALOG subdirectory, but  FIT 
is about 140Mb; so you will need to schedule your ftp for 
a specified overnight t ime slot to avoid t imeouts. Ask 
your system manager for advice on setting this  
and remember to specify b i n a r y mode! The catalogue 
and, more frequently, the software are both subject to 

 check the currency of your version from 
t ime to t ime. 

We thank Prof. James Condon and Bill Cotton and 
colleagues at NRAO for providing this archive and ac-
companying software, and for their generous and unre-
served support for the proposal to establish a UK site 
for the NVSS da ta . 

VLA FIRST Survey — 
Faint Images of the Radio Sky 

at Twenty Centimetres 
(main site http://sundog.stsci.edu/) 

The FIRST Mirror is accessible via URL: 

h t t p  

At present, owing to disk space l imitations, only 
part of the survey can be accommodated on-line: decli-
nation strips  through  have been selected 
as covering an area accessible to many other surveys 
and telescopes. We will shortly be acquiring a high-
density disk which will increase capacity, but 
while we are open to requests to put up specific regions 
if they are needed for a particular project. Transat-
lantic downloading from the F IRST C U T O U T image 
server on the U.S. west coast seems, if anything, more 
prone to congestion than the east-coast NVSS  
so do ask if you are experiencing  site 
is here to provide a service. 

The FIRST C U T O U T server software is not suit-
able for the  noise-quantized and com-
pressed image archive held here at MRAO, so we are 
offering access via a postage-stamp server adapted from 
Bill Cot ton 's NVSS program. Unlike the cutout server, 
this gives users the opportuni ty to specify the sampling, 
projection, coordinate equinox and orientation (rota-
tion) of the extracted subimage. Note tha t , even if these 
values are left unchanged, the resulting postage s t amp 
will be  so tha t the target position falls on an 
exact pixel and the y-axis through this points 
wards. The postage s t amp is different in this respect 
from a cutout from the F IRST main site's cutout server 
which merely extracts a set of pixels from the parent 
image, meaning tha t , in general, cutouts are neither 
north-pointing nor pixel-centred at the target position. 

At present we are not a t tempt ing to mirror the 
catalogue server offered at the main F IRST home page, 
and we do not hold copies of the bibliographic archive 
and other supplementary material available there. 

We thank Robert Becker, David  Richard 
White and their colleagues on the FIRST team for their 
unhesitating and unstinting support for the idea of cre-
ating a UK site for their image archive, and for making 
the da ta available to us so promptly. We also thank Bill 
Cotton for the software on which the F IRS T postage-
s t amp server we are running is based. 

Please send any comments or requests concern-
ing facilities at the above two Cambridge sites to 
segh@mrao.cam.ac.uk. 

(The VLA is an instrument of NRAO, the Na-
tional Radio Astronomy Observatory, a facility of the 
National Science Foundation operated under coopera-
tive agreement by Associated Universities, Inc.) 

Sally Hales, MRAO segh@mrao.cam.ac.uk 

mailto:segh@mrao.cam.ac.uk
http://info.cv.nrao.edu/~jcondon/nvss.html
http://www.mrao.cam.ac.uk/surveys/nrao/NVSS/
ftp://ftp.mrao.cam.ac.uk
http://sundog.stsci.edu/
http://www.mrao.cam.ac.uk/surveys/FIRST/
mailto:segh@mrao.cam.ac.uk
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Hipparcos and ROSAT Catalogues Accessible to CURSA 

Versions of the Hipparcos catalogues and the 
ROSAT All-Sky Survey Bright Source Catalogue [2], 
have been prepared in a format which is fully com-
patible with the CURSA package [1] for manipulating 
catalogues and tables. That is, these versions of the 
catalogues have celestial coordinates in a format which 
CURSA can interpret. Copies of the catalogues can be 
retrieved by anonymous ftp. The details are as follows. 

Hipparcos Catalogues 

The European Space Agency's (ESA) astrometric 
satellite Hipparcos operated between November 1989 
and March 1993. The observations that it returned 
have been used to assemble astrometric catalogues [3] of 
unprecedented accuracy. The principal Hipparcos cat-
alogue contains entries for some 118,218 stars to a lim-
iting magnitude of V  12.4. In addition the larger but 
less accurate Tycho catalogue was assembled from the 
star-mapper on-board the satellite. The Tycho cat-
alogue contains entries for some 1,058,332 stars to a 
limiting magnitude of about V   

In a departure from normal practice the CURSA-
compatible versions of the Hipparcos catalogues are 
not available by anonymous ftp. Rather, some pro-
grams and scripts to reformat the original catalogues 
into a  form are provided. The 
catalogues themselves are available from the Centre 
de Données astronomiques de Strasbourg (CDS; URL: 
h t t p : / / cd sweb .u - s t r a sbg . f r /CDS.h tml ) or on CD-
ROM [3]. Note that the Hipparcos catalogues are 
available as both ASCII files and FITS tables and the 
CURSA conversion programs require the ASCII ver-
sions as their starting point. 

In addition the US Naval Observatory in Washing-
ton (USNO; URL: ht tp: / /www.usno.navy.mil) have 
prepared the ACT Reference Catalogue. The ACT cat-
alogue is a version of the Tycho catalogue with im-
proved proper motions. The proper motions were de-
rived by comparing the positions in the Tycho cata-
logue with those in the Astrographic Catalogue (AC). 
The AC was assembled from manual measurements of 
early photographic plates exposed as part of the Carte 
du Ciel project to photograph the entire sky. The av-
erage epoch of the AC is 1907, which compares with 
1991 for the Tycho catalogue and hence extremely accu-
rate proper motions can be determined. See the USNO 
World Wide Web pages for further details of the ACT. 
A CURSA-compatible version of the ACT will become 
available shortly. 

ROSAT All-Sky Survey Bright Source Catalogue 

The ROSAT All-Sky Survey Bright Source Cata-
logue (RASS-BSC, revision 1RXS) [2] was assembled 
from the all-sky survey performed by the ROSAT X-
ray astronomy satellite  during 1990 
and 1991. The catalogue contains some 18,811 sources 
which have a limiting ROSAT PSPC (Position Sensitive 
Proportional Counter) count rate of 0.05 counts/second 

in the energy band 0.1 to 2.4 keV. A CURSA compati-
ble version of the catalogue can be retrieved by anony-
mous ftp. CURSA can also remotely access the copy 
of the catalogue, as well as other ROSAT catalogues, 
available at the Department of Physics and Astronomy, 
University of Leicester. 

Obtaining Copies 

Copies of the programs to reformat the Hip-
parcos catalogues and the ROSAT All-Sky Sur-
vey Bright Source Catalogue [2], can be retrieved 
by anonymous ftp from f t p . r o e . a c . u k , directory 
 

Remember to reply anonymous when prompted for 
a  and to give your e-mail address as the 
password. Text file 0C0NTENTS.LIS lists all the cat-
alogues that are available. The Hipparcos programs 
and the ROSAT All-Sky Survey Bright Source Cata-
logue [2], are files h ipparcos   and l r x s . t a r . Z 
respectively. They are both compressed tar archives 
and you should set ftp to 'binary' mode before retriev-
ing them. They should be decompressed with Unix 
command uncompress (sic). The t a r utility should 
then be used to extract the files from the archive. 

Finding Out More 

CURSA is documented in CURSA - Cata-
logue and Table Manipulation Applications: User's 
Manual [1]. There is a 'home page' at URL: 
h t t p  

If you encounter problems with the Hipparcos pro-
grams or CURSA catalogues, or if you have additional 
catalogues that you would like to be converted to a 
CURSA-compatible form, then please contact me. 
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Mike Lawden  Project-member 

As the chairman of the panel which set up Starlink 
and ran it for the first 3 years it is a privilege to pay 
tribute to Mike's immense  I insist 
on it. 

 

 
 
 

 

Mike Lawden, contemplating his retirement. 
To be honest we astronomers knew very little 

about advanced computing technology and the Ruther-
ford Lab, as it was known, helped us immensely. In 
particular, Mike Lawden and. the first manager Cliff 
Pavelin, also Ken Hartley, then of RGO, defined the 
operational requirements which led directly to the pur-
chasing of our first set of VAXes and image  

Comings 
Norman Gray is a programmer at Glasgow. 
Horst Mierdierks is the new co-site manager at 

ROE. Previously he was a Starlink programmer. 
Hardip Sanghera is a temporary site manager at 

 for six months. 

Goings 
Ewan Brown was assistant site manager at ROE 

from January 1995. 
Paul Brown was site manager at QUB from Jan-

uary 1988. 
Paul Collison was site manager at Oxford from 

March 1992. 
Chris Clayton was responsible for hardware and 

systems (Sun) and smaller nodes at RAL from March 
1990. Before that he was site manager at Cambridge 
from February 1988. 

which had to be designed and built. When the commit-
tee broke up after their meetings leaving behind a whole 
set of highfalutin ideas, it was Mike Lawden, in particu-
lar, who turned them into documents which computing 
manufacturers could understand and respond to. Ev-
erything was done under immense pressures of time in 
order to exploit one of those perennial 'underspends' 
which Mike, probably more than anybody else, turned 
into our windfall. 

And once we got going, it was Mike who took over 
the key role of Software Librarian, a job description 
which entirely fails to describe the importance of his 
role. We all recognized that getting a workable set of 
distributed software was the key challenge, and once 
again it was Mike who mothered that into being. It 
could all so easily have gone  it did not. 
In fact, I never remember Mike ever failing to pull the 
coals out of the fire, however hot the blaze. 

Perhaps we forget what a pioneering effort Starlink 
was at the time. The president of DEC told me it was 
the most interesting project on their entire books 
wide because he expected such networks to become the 
model for commercial computing. We practically had 
to invent the civilian internet. 

Had Mike been working for a private company, or 
had he left us later for one, I'm quite sure he would have 
become a very successful and very, very rich computer 
guru by now. Thank God he did not. We astronomers 
all owe him an unpayable debt. Probably more than 
any other individual he brought Starlink to a success-
ful birth and a lusty youth. Good luck Mike. And 
thanks from us all in British Astronomy! 

 Disney, Cardiff Mike.Disney@astro.cf.ac.uk 

Malcolm Currie was a programmer at RAL from 
March 1986. 

Basil Drolias was site manager at Imperial Col-
lege from May 1997. 

Simon Harris was User Support Assistant at 
Southampton from July 1995. 

Mike Lawden retired as Document Librarian. He 
had been with the project since November 1979. 

Jon Lockley was a programmer at Southampton 
from December 1996. 

Pam Murray, was assistant site manager at 
Durham from January 1994. 

Nick Shrine was site manager at Kent from Jan-
uary 1997. 

Jonathan Smoker was site manager at Cam-
bridge RGO/IoA from March 1996. 

Anne Charles, Starlink, RAL acc@star.rl.ac.uk 

Comings and Goings 
During the period September 1997 to February 1998 there have been three comings and twelve goings. As usual, 

the latest details about Starlink staff are printed on the back cover of this Bulletin. 

mailto:acc@star.rl.ac.uk
mailto:Mike.Disney@astro.cf.ac.uk
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Chris Clayton Departs 

         
        

   
   

 

 

 

  

  
  

 
  

 
 

 
 

 

Malcolm Currie left Starlink at the beginning of 
November for a four-year period of absence, during 
which he will work for one year at ROE before mov-
ing to Hawaii. 

Malcolm will be known to many Starlink users as 
the person who has developed and supported KAPPA 
over the last ten years or so. During this t ime, KAPPA 
has developed from a small kernel of software "rescued" 
from ASPIC (a somewhat anarchic collection of astro-
nomical software from the  days) into a major 
package in its own right which has become the main tool 
for handling the Starlink NDF da ta format. Malcolm 
was also Starlink's expert on FITS and has done con-
siderable work on the CONVERT da ta format conver-
sion package, as well as support ing many other software 
i tems. Malcolm's most recent contribution to Starlink 
has been as instigator of the QUICK custom program-
ming service, which builds on the quick-response user 
support he has provided for KAPPA. 

Fortunately, Malcolm is staying with astronomical 
software and keeping in touch with Starlink. However, 
as a K A P P A user, we can expect him to be asking some 
of those really difficult questions in future instead of an-
swering them! 

User support for K A P P A is now being handled 
by David Berry in Manchester ( d s b Q a s t . m a n . a c . u k ) 

Chris joined Starlink exactly 10 years ago as the 
Cambridge Site Manager, in the days when there was 
just one! Two years later we persuaded him to accept a 
post in Starlink's central team at RAL (something tha t 
Cambridge have never forgiven us for). His speciality 
has been choosing and procuring hardware for the sites, 
in particular Sun workstations, and support ing the So-
laris operating system; he has also made an enormous 
impact in other areas of the Project, including public-
ity. He made contributions to the Software Collection, 
and secured grant funding to spend a small fraction of 
his t ime on his astronomy research programme, velocity 
imaging of Herbig-Haro objects, planetary nebulae and 
outflows from young stars. His comprehensive knowl-
edge of Starlink (and trenchant views on some aspects) 
led to him in mid-1996 being asked to carry out a de-
tailed internal review; several of his key recommenda-
tions have since been put into effect. Wi th this back-
ground he was an ideal candidate when, a few months 
later, Starlink was asked to provide an assistant for the 
Robinson Review. Chris was the only person in the 
Project who was present at all the Review meetings. 

We all wish him well in his new career. He's a great 
loss to Starlink and to astronomy, and it has been a 
privilege working with him. 

Patrick Wallace, Starlink, RAL ptw@star.rl.ac.uk 

and enquiries about CONVERT should be addressed 
to Alan Chipperfield at RAL  
Challenges for the QUICK programming team should, 
as ever, be directed to  

Rodney Warren-Smith, Starlink, RAL 
rfws@star.  ac. uk 

 
   

 
 

 

 

Malcolm Currie is spending a year in Edinburgh and 
then three years in Hawaii. 

Malcolm Currie Departs (Temporarily...) 

http://quickostar.rl.ac.uk
http://dsbQast.man.ac.uk
mailto:ptw@star.rl.ac.uk
mailto:ajc@star.rl.ac.uk
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Starlink Information 
Starlink Home Page: http://star-www.rl.ac.uk  

All items below which are underlined, e.g., FAQ, are links on 
the Starlink Home Page. 

Help 

• Starlink User's Guide (SUG) 
• Starlink Software Collection (SUN/1) 
• UNIX - An Introduction (SUN/145) 
• Starlink FAQ (Frequently Asked Questions) 
• Cookbooks WWW-page: 

http  
• For information on a specific subject, type 

  <subject> 
e.g.,   Cookbook 

• To view a specific document, type 

'/, showme <document> 
e.g.,  showme  

•  source of all documents:  
• List of documents: / s t a r / d o c s / d o c s _ l i s 
• Paper copies of documents are available at all 

sites. If you do not know where they are at your 
site, ask your Site Manager, who can also give you 
personal help. 

• Starlink Home Page: 
http  

Acknowledging Starlink in a publication 

Please acknowledge the use of Starlink resources in 
your paper if you have used either Starlink software 
or  hardware for your data processing: 

The authors acknowledge the data analysis 
facilities provided by the Starlink Project 
which is run by CCLRC on behalf of 
PPARC. In addition, the following Star-
link software packages have been used: 

 ..., <packagen>. 

 

•  A Document Preparation System 
(SUN/9): how  works, how to display 
and print a document, and how to include a 
PostScript file. 

•  Cookbook 
(SC/9). 

 Starlink  WWW-page: 
 

This links to  packages of special interest to 
astronomers. 

E-mail addresses 

To find another user's e-mail address, type 
'/, email <surname> 

Starlink software information on the W W W 

• List of items (alphabetical) 
• Search: Software names (searchable list) 
• Application Area 

under Search: Starlink documents 

Newly-released software 

For information read the following: 

• Starlink news items, type 

'/, news 

• News: New Products 
• The Starlink Bulletin, available as News: 

Bulletin or from your Site Manager. 
• Local notice boards, WWW pages, etc., compiled 

by your Site Manager. 
• Ask your Site Manager. 
• Attend Starlink Local User Group (SLUG). 

For particular software 

• For quick solutions to particular astronomical 
data reduction/analysis problems, use the Cus-
tom programming service. See Quick solutions. 
E-mail    uk. 

• For larger problems, make your views known to 

1. the appropriate Starlink Software Strategy 
Group, see  

2. the biannual Starlink Software Survey. 

Software problems 

Discuss it with the following people, starting with the 
first and going on to the next if you are not satisfied: 

1. Your Site Manager 
2. E-mail  
3. The Starlink programmer responsible for a partic-

ular package. See the home page for the package 
in Software: List of Items. 

Complaints 

Discuss it with the following people, starting with the 
first and  on to the next if you are not satisfied: 

1. your Site Manager 
2. your Site Chairman 
3. Starlink Project Manager, copy correspon-

dence to Chairman of the Astronomical 
Computing Panel (names and addresses in 
 

http://usscOstar.rl.ac.uk
http://star-www.rl.ac.uk
http://www.rl.ac.uk/sc.html
http://www.rl.ac.uk
http://star-www.rl.ac,uk/~acc/tex/tex.html


STARLINK INFORMATION 

Starlink sites  site managers: 
B I R M I N G H A M : School of Physics and Space Research, Uni-
versity of B i rmingham, Edgbas ton Park Road, BIRMINGHAM, 
B15 2 T T . Tel: 0121-414-6447. J W G (Bill) Wilson, Bob 

 s tar@star .s r .bham.ac.uk 
B R I S T O L : Depa r tmen t of Physics, University of Bristol, Tyn-

 Avenue, BRISTOL, BS8  Tel: 0117-928-7869. Steff 
 root@star .bris .ac.uk 

C A M B R I D G E : This is a single Starl ink node which has two 
compute r clusters serving three organisat ions . 
(1) Ins t i tu t e of Astronomy, University of Cambridge , Mading-

 Road, C A M B R I D G E , CB3  Tel: 01223-337548. Pe-
ter Bunclark, Phil Herridge, Andrew Batey,  Sanghera. 
star@ast .cam.ac.uk 
(2) Royal Greenwich Observatory, Madingley Road, CAM-
B R I D G E , CB3 OEZ. Tel: 01223-374000. Peter Bunclark, Phil 
Herridge, Andrew Batey, Hardip  s tar@ast .cam.ac.uk 
(3) Mullard Radio Ast ronomy Observatory, Cavendish Labora-
tory, Madingley Road, C A M B R I D G E , CB3 0HE. Tel: 01223-
337368. David Titterington. s tar@mrao.cam.ac.uk 
C A R D I F F : Dept of Physics and 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  star@astro.cf.ac.uk 
D U R H A M : Dept of Physics, University of D u r h a m , South 
Road , D U R H A M ,  3LE. Tel: 0191-374-2131. Alan P Lotts. 
oper .s tar l ink@durham.ac.uk 
E D I N B U R G H : Depa r tmen t of Astronomy, University of Edin-
burgh, Blackford Hill, E D I N B U R G H, EH9 3HJ. Tel: 0131-668-
8377. John Barrow, Horst Meyerdierks. s tar@roe.ac.uk 
G L A S G O W : Dept of Physics and Astronomy, University of 
Glasgow, G L A S G O W , G12 8QQ. Tel: 0141-339-8855 X4268. 
Shashi M. Kanbur. s tar@astro.gla.ac.uk 
H E R T S : Dept of Physical Sciences, University of Hertfordshire, 
College Lane, HATFIELD,   Tel: 01707-248601. Tim 
Gledhill. s tar@star .her ts .ac .uk 

 Astrophysics Group , Dept of Physics, Blackett Labo-
ratory,  Pr ince Consort Rd, LONDON, SW7 2BZ. Tel: 
0171-594-7538.  Todd  star@ic.ac.uk 
J O D R E L L B A N K : Nuffield Radio Ast ronomy Lab, University 
of Manchester , Jodrell Bank, MACCLESFIELD , Cheshire,  
9DL. Tel: 01477-571321 X284. Ray Riggs. s tar@jb.man.ac.uk 
K E E L E : Dept of Physics, University of Keele, KEELE, 
Staffs, ST5 5BG. Tel: 01782-584229. Barry  
star@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. Brian Murphy. 
star@star .ukc.ac.uk 
L E E D S : University of Leeds, Dept of Physics and Astronomy, 
Woodhouse Lane, L E E D S , LS2 9 J T . Tel: 0113-233-3864. vacant. 
L E I C E S T E R : Dept of Physics and Astronomy, University of 
Leicester, University Rd, L E I C E S T E R ,  7RH. Tel: 
3599. Geoff R Mellor. s tar@star. le.ac.uk 
L I V E R P O O L : Astrophysics Group , School of Electrical Engi-
neering, Electronics and Physics, Liverpool John Moores Univer-
sity,  Street , L I V E R P O O L , L3 3AF. Tel: 0151-231-2289. 
Alan  s tar@astro.l ivjm.ac.uk 
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: 0161-275-
4236. Anthony Holloway. s tar@ast .man.ac .uk 

N . I R E L A N D : This is a single Starl ink node which has separa te 
clusters at two sites. 
(1) Armagh Observatory, College Hill, ARMAGH , BT61 9DG. 
Tel: 01861-522928. Martin  s ta r@star .a rm.ac .uk 
(2) Dept of Pu re and Applied Physics, Queen 's University of 
Belfast, BELFAST, B T 7  Tel: 01232-245133 X3648. (Va-
cant). s tar@qub.ac.uk 

O X F O R D : Dept of Astrophysics, Nuclear and Astrophysics Lab. , 
 Road, O X F O R D ,  3RH. Tel: 01865-273311. Paul 

 Neil  star@physics.oxford.ac.uk 

P R E S T O N : Centre for Astrophysics, University of Centra l Lan-
cashire, Corpora t ion Street , P R E S T O N , P R 1 2HE. Tel: 01772-
893564. Andy  s tar@uclan.ac.uk 

Q M W : Dept of Physics, Queen Mary and  College, Mile 
End Road, LONDON, E l 4NS. Tel: 0171-975-5053. Richard 
Frewin. s tar@qmw.ac.uk 

R A L : This is a single Starl ink node which has separa te clusters 
in two different buildings at the same address . 
(1) Starl ink Projec t , Rutherford Apple ton Labora tory , Chil ton, 
D I D C O T, O X l l OQX. Tel: 01235-446471. Hitendra  
oper@star.rl .ac.uk 
(2) Space Science Dept , P P A R C Science, Rutherford Apple ton 
Laboratory, Chil ton, D I D C O T , O X l l OQX. Tel: 01235-821900 
X6361/5427. Barry Kellett. s tar@ast .s tar .r l .ac.uk 

S H E F F I E L D : Depa r tmen t of Physics, University of Sheffield, 
The Hicks Building,  Rd, S H E F F I E L D , S3 7RH. Tel: 
0114-222-3517. 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  
star@phastr .soton.ac.uk 

S T . A N D R E W S : School of Physics and Astronomy, University 
of St. Andrews, Nor th Haugh, ST A N D R E W S , Fife, KY16 9SS. 
Tel: 01334-476161. Roger Stapleton. s tar@st-and.ac.uk 

S U S S E X : Ast ronomy Centre , The School of Chemistry , Physics 
and Environmenta l Science, University of Sussex, B R I G H T O N , 
East Sussex,  9QH. Tel: 01273-678478. Stuart Keir. 
star@star.cpes.susx.ac.uk 

U C L : Dept of Physics and Astronomy, University College Lon-
don, Gower Street , LONDON, W C 1 E 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 tp : / / s t a r -www. r l . a c .uk / 

Starlink contacts at RAL: 
Tel: 01235-821900. All  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: Brian  X6254  
Software Librarian: Martin  X5363 (ussc) 

Starlink contract programmers: 
David Berry, Manchester, dsb@ast.man.ac.uk, Tel: 0161-275-4226 
Clive Davenhall, Edinburgh, acd@roe.ac.uk 
Peter Draper, Durham, P.W.Draper@durham.ac.uk 
Norman Gray, Glasgow, norman@astro.gla.ac.uk 
26.02.98 
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