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From the Director

OUR WEBSITE IS CHANGING

Thomas Richards tom.richards@uvarstars.org

Variable Stars South is a totally online organisation, a phantom in cyberspace with no
earthly home, no "headquarters"”, no mailing address. It communicates with us mortals
through www.varstars.org, and allows us to communicate with each other via vss-
members@googlegroups.com. The success of our organisation relies on these media; and
the present website is not adequate to our growing needs.

I set up this website a year ago in some haste, as without it VSS had little to offer its many
members. I used a simple and easy website development tool, which within its rather se-
vere limits worked quite easily. But now we need to move beyond that; and we need to
move beyond having me play Webmaster. It's a hat I really don't need to wear - I have
enough others to wear in VSS.

I'm very pleased indeed to announce that David O'Driscoll, a name known to many of
our Australian members, has volunteered not only to take over as Webmaster, but to re-
make the site totally in a much more interactive and user-oriented style, as a content
management system. If you want to have a look at some of David's work, visit the web-
site of the Astronomical Association of Queensland, http://www.aaq.org.au/cms/
index.php. It's his creation.
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David writes of himself "David O’Driscoll joined the As-
tronomical Association of Queensland in 2005 after many
years interest in astronomy, including 2 years as a mem-
ber of the Northern Districts Society of Amateur As-
tronomers in Sydney in the late 1980’s. As an IT profes-
sional for some 25 years, David has naturally gravitated
to the world of online, remote astronomy, which allows
him to combine his interests in astronomy with his IT
skills. In recent years he has been balancing interests in
variable star photometry and double star astrometry.
While David loves using remote scopes to take images,

he acknowledges that none of them will ever win a
David Malin award!!" He modestly didn't add that he received the Astral Award for the
best paper at the recent NACAA conference in Canberra, for his paper on using remote
robotic telescopes. I first got to know David about three years ago when I discovered we
were working together in an American project on some eclipsing binaries in Ara. I was
using my backyard observatory - everyone else including David was using the GRAS re-
mote robotic scope in Moorook, South Australia. Now David is collaborating on our
Equatorial Eclipsing Binaries Project - using the New Mexico GRAS telescope!

The new website is now largely constructed, and we expect to launch it in September.
Closer to the time we will have a lot more to tell you about it. Meanwhile, here are some
of the major changes:

. The website will have a new domain name, more mnemonic of Variable Stars
South. The old website will remain for quite a while with redirections in place so
that nobody gets lost.

. The website is being hosted at no charge by Flexihostings (http://
www.flexihostings.net.au/web/) to whom we are very grateful. This will be a
major saving for a not very affluent organisation.

o It will have a login area for VSS members only, to contain member information
and other organisation-specific material, including a members-only forum to re-
place vss-members@googlegroups.com.

. It will host as many forums and blogs as members wish to set up. Thus for ex-
ample people working on Delta Lib can have their own forum.

o  There will be a forum open to anyone, member or not, interested in southern
hemisphere variable star work.

. It will be easy for nominated people to add news items and other material di-
rectly - not just me!

e  People in charge of projects or specific campaigns will be able to set up areas of
their own to which they can add content themselves, and have their project col-
leagues upload their data and other information.
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David writes of the new site: "The new VSS website has been designed with two primary
aims: making the site more friendly and useful for members, and making it easier for the
VSS project leaders to update their own information. The result will be a site that can be
supported by several people (rather than just the hard-working Tom Richards!) and at the
same time can grow with the membership and projects that are undertaken. Features that
may be of interest include: easier to access news articles that will be tailored to project ar-
eas; support for online discussion groups by project, allowing team members to exchange
information relevant to their projects; easier sharing of files between project members;
support for other collaboration tools, such as calendars and private messaging; and a new
modern look-and-feel that can be refreshed easily without extensive work by the team
managing the site."

It is very important at this stage to feed any ideas you may have for the website to David.
Many of you will be aware of valuable features on other websites that we could well copy,
or see possibilities for the use of the website that we've not thought of. Please email David
your ideas, at webmaster@varstars.org (for now).

One important associated change in VSS policy is that project participation is now open to
non-members of VSS. The members-only restriction was to encourage membership; but
now that we are growing strongly with much member activity, this no longer seems neces-
sary. But we will of course encourage non-members taking part in our projects to join up!

New Projects

There are also two or three more projects waiting in the wings to be launched via the new
website, rather than duplicating work by creating new areas for them on the present web-
site. A particularly exciting one is SPADES: Search for Planets Around Detached Eclipsing
Systems. This was first suggested by Dr Simon O'Toole of the then Anglo-Australian Ob-
servatory, now the Australian Astronomical Observatory, in a paper he presented to the
Canberra NACAA. He and I had a conversation about it, and since then have been work-
ing it up. It requires a lot of careful planning, especially since it will actively involve a
number of professional astronomers, and because we plan in the future to use some very
big telescopes indeed for the spectrographic aspects of the project. But more about that in
due course.

In addition, I'll be launching a project on southern eclipsing binaries, and Stan Walker and
Alan Plummer are cooking something up on CVs at minimum.

Reaching the Multitudes

Alan Plummer has an excellent spread on observing variable stars in the August edition of
Australian Sky and Telescope. It appears that Alan will have a regular column from now on.
Congratulations Alan, and let's hope that brings in a few more observers.

In the same edition there's a very good account of this Easter's NACAA in Canberra by
Ross Gould, giving due weight to the variable star presence. And with articles by Yaél
Nazé on massive stars and Renée James on jets, it's a great read for variable star observers.



THOUGHTS FROM THE EDITOR

Stan Walker astroman@paradise.net.nz
Most of these thoughts don’t relate to editorial policy or anything of that nature. The ma-
terial is now coming through in a style I can handle more readily —although I'd like
rather more on the observational front.

I note Tom Richards refers to ‘something about observing CVs at minimum’ and this is
described on pages 21-24. Unfortunately the old idea of visual measures of variable stars
is disappearing and everything is being done by computer. The art of finding things in
the sky is being lost—we now need to own a ‘goto’ telescope which will get there faster.
And to measure anything it seems essential to use a CCD camera which immediately de-
mands a computer to see what the camera is seeing.

My own favourite project is the Bright Cepheids and there is a report on progress begin-
ning on page 32. We're still in the exploratory stages but some interesting things —such
as the offsets between U, B, V and the eye are important in any analysis of measures—
and the new methods, particularly Glen Schrader’s idea of three different pairs of com-
parisons, are producing the accuracy required to check these offsets and produce reliable
O-C diagrams.

Bob Nelson has produced the final instalment of his series on eclipsing binaries, begin-
ning on page 12. Once the new website is up and running, Bob has agreed that the whole
series will be accessible there permanently. After reading this article I've decided to get
out some of the old EB measures made at Auckland and see if I can get an a believable
model —something to do this summer . Many thanks to Bob for this interesting series.

Back in 1997 when I began making CCD measures the reduction method involved using
SBIG’s CCDOPS and 200 hours of 30s measures of V803 Centauri took forever to convert
into magnitudes. Then the first version of Munidos —based on Peter Stetson’s methods—
came along. A great set of software which even allowed the measurement of the crude
CCD measures of those days (no automatic tracking so many stars were trailed). Now it’s
been developed into a very useful reduction system and Phil Evans describes this in de-
tail from page 25. It’s inexpensive and it’s reliable and Phil uses it well!

Mention of V803 Cen brings me back to the CV ideas of page 21. The old VSS was strong
in this field but with the eyeball we couldn’t see too many at minimum. The 50cm Edith
Winstone Blackwell at Auckland could measure down to V = 16.3, but only by offset pho-
tometry as you had to place the star in a Imm focal plane aperture. Not a problem with
CCDs where anywhere withing 5-10 arcminutes is often good enough. So this is a good
project for any group wanting a change of scene on occasion. It needs an enthusiastic
armchair astronomer willing to learn a little bit about the field and reduction methods to
move it forward.

And, finally, Rod and Albert mention a couple of interesting objects which are worth fur-
ther study. And a rather belated UBV analysis of R Centauri reveals some difficult to ex-
plain colour changes during each cycle—but back in the 1970s. Is anyone looking now?
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STARS OF THE QUARTER

Stan Walker astroman@paradise.net.nz

V725 Sagittarii a Rod Stubbings target
Rod Stubbings drew attention to this star which was featured in the Star of the Season,
Autumn 2006, by John Percy, on the AAVSO website http://www.aavso.org/vstar/vsots/
fall06.shtml. Regretfully this has had only one noticeable effect—that Rod Stubbings has
joined Peter Williams in observing this star visually.

The star was identified in 1935 by Henrietta Swope as an unusual variable. From 1926,
when its period was 12 days with an amplitude of 0.3 magnitudes, its period had in-
creased smoothly to 21 days with an amplitude of over magnitude. A later analysis by
Percy et al, 2006, suggests periods of 5-9 days from 1899-1915 and 8-10 days from then to
1925. Ignored until 1968 it was then thought to have a low amplitude (0.4m) period of ~45
-50 days. Danie Overbeek in South Africa measured this star for a time and it seemed to
show a period of 60 +/-3 days from 1985-1996 after which a period of 75 days was evident
until the end of the century. Hugh Lund measured the star in 1997-8 and his data were
titted by two periods, a primary of 96.2 and a secondary of 74.0. Peter Williams” data
from 1999-2004 was analysed by Percy et al and a period of ~90 days found.

Rod has observed it on 212 occasions since 2006 and a search of his data reveals a strong
period of 74.598 days and a weak period of 53.094 days. In all of this confusion I turned to
ASAS3 data but this is quite poor with this star and shows nothing helpful, except that it
may support the other datasets of Williams and Stubbings with periods of little variation
mixed with periods of quick variation. All of this is fairly consistent with SR stars. Along

V725 Sgr Rod Stubbings uses the chart to the
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The illustration shows Rod Stubbings’s measures
since JD 2454000 folded to JD 2454000 + 74.59842.
But a greater density of measures would allow an-
nual epochs!

the way it was called a Type II Ce-
pheid —low mass, high luminosity, er-
ratic pulsations—but not this erratic!

V725 is worth following because of these
dramatic changes. But it needs a better
approach than has been used to date. The
visual observers will, no doubt, do most
of the observing but they need assistance.
Visual measures would usefully be made
several times a week if possible. Along-
side these, a season of colour photome-
try, fully transformed, would be interest-
ing. UBV, BVRI or whatever is possible.
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Peter seems to have gone away from this star and his data is now too sparse for analy-
sis—there are too many aliases present to determine a good period. What is needed is at
least 100 measures per observing season from each visual observer.

If you decide to participate please use the chart on the previous page—or at least the
magnitudes provided which are far better than those provided by the AAVSO (Not a
criticism of the AAVSO but in many cases the only magnitudes available below V =10 are
from surveys for other purposes, often with unusual filters. Measures should be sent to
the AAVSO in the normal manner, but keep the website informed.

R Centauri and other DM Miras
Peter Williams sends in measures of these stars each month and with these and other his-
torical data a picture is beginning to emerge. Whilst there are only a few of these objects
see NL 2009/2 pp 21-22.—

they seem to comprise a T ' iy

AAVSO DATA FOR R CEN - WWW.AAVSO.0RG

rather diverse bunch. R Cen-
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The last 4000 days of R Centauri from AAVSO measures.
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V837 Arae = CPD-56 8032 = He3-1333 Albert Jones
As I had been monitoring V348 Sgr for years, when I read about three other similar stars,
they were put on my “to do” list. One was too far north but the other two were well
placed. One object scarcely varied but the other one, CPD-56 8032 did vary. Warrick Law-
son accepted the offer of my estimates and produced a paper for the “Observatory”
which led to its being named V837 Ara.

Periodically it suffered RCB like fadings
and then latterly it faded after a briefer
rise to maximum and thereafter stayed
around minimum. The black points

DR 7]

show my estimates.

Fortunately, around the time of my fall, I
asked Rod Stubbings to monitor it, so its
behaviour is still being recorded. There

are many references to be obtained over
the internet.
Albert

1
=200 o] 2344 4000
HJZ-2450000 (coys)

Albert sends in Figure 2 from a paper in which he is a
co-author.

R Centauri and other DM Miras — Continued

V415 Velorum and R Normae show the classical symmetrical double maxima light
curves and their periods are not changing. R Cen’s light curve is more like the normal
Mira with a fast rise and slower fall. But the second maximum is much smaller in ampli-
tude as the wavelength decreases—unlike the normal Miras. It appeared earlier that R
Cen might evolve into something like R Hydrae but this may not be the case.

0.00 0.25 0.50 0.75 1.00 To the left is shown a CompOSite VBU graph

5.5 - - - of R Cen from 1972-85 where the measures
‘(‘Vs oS8 V) have been phased in accordance with the
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N oS . . .
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cycles of each of these target stars—plus a
few normal Miras for comparison purposes.
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EQUATORIAL ECLIPSING BINARIES PROJECT
CU HYDRAE

Tom Richards tom.richards@uvarstars.org

CU Hydrae is a target system in the joint VSS-BAA Equatorial
Eclipsing Binaries Project. This report summarises the observa-
tional work carried out in the recent observing season, February
to May 2010. Seven observers, three from the Northern Hemi-
sphere, submitted a total of 32 nights of CCD time series data.
From these data we can derive very accurate light elements and
a good light curve. In this report we do not investigate the col-
our data, evidence of period variation since discovery in 1933,
or stellar modelling. Those are reserved for a future paper.

CU Hydrae (RA 08 54 20.56 Dec +03 42 23.4 J2000) was included in the Equatorial Eclips-
ing Binaries Project because although moderately bright, very little is known about it. It is

light curve), discovered in 1933. Its GCVS light elements are HJD 2427155.4070 +
0.7190774 x E. (Samus 2007), and mags 13.5-14.5 pg. This data is repeated in the AAVSO
VSX portal. The Krakow elements (http://www.as.up.krakow.pl/ephem/) are much more
up-to-date: HJD 2452500.5309 + 0.71907148 x E. (Kreiner 2004). (Brat 2009) lists 10 times of
minimum since 1933, which effectively confirm the Krakow period and epoch. However
only the four most recent are CCD measures, and the five visual estimates can be disre-
garded - the other is the original 1933 photographic measurement. The Svechnikov cata-
logue (Svetchnikov & Kuznetsova, 1990) gives the spectral class as FO + G7IV but this is
speculative and apparently not based on colour photometric or spectroscopic data, and
nor are the other astrophysical parameters listed in the catalogue.

Observations

Observers contributing to the campaign are listed in Table 1, along with the number of
nights of data they contributed (all time series up to several hours' duration), and the
measurable primary and secondary minima recorded. All observers used CCD cameras.

Observer Country Nights Filter Minima | Minima 1!

Terry Behlsan Australia 11 V.R 1 0
(transformed)

David Boyd UK 4 unfiltsred 4 0

Phil Evans Cookls 5 unfittered 1 2

Yenal Ogmen Narth Cyprus 1 Vv 0 1

Roger Plckard UK z unfittered 1 0

Tom Richards Australia 3 V (one night 2 0
unfiltered)

Margaret Australia & unfilterad 1 Q

Streamer

Totals 32 10 3

Table 1. Observer information


http://www.sai.msu.su/gcvs/gcvs/iii/iii.dat
http://www.as.up.krakow.pl/ephem/

All observers used as comparison star GSC 0217:0020 (star "2" in Figure 1 below) and as
check, GSC 0217:0456 (star "1"). David Boyd kindly provided V magnitude measurements
on the comp and check. See Table 2 which also includes V-R information derived by
Boyd from the 2MASS catalogue .
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Figure1. A13
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Table 2. Comparison and check star magnitudes. Note the close colour agreement.

Star GSC 0217 :x%XxxX V mag V mag error V-Rmag

CU Hya 0.33

Comp "2" 0020 13.32 002 0.39

Comp "1" 0455 12,65 2.02 0.35
Analysis

Altogether 10 observation sets included well-captured primary minima. These were all
measured separately using Bob Nelson's Minima program (http://members.shaw.ca/
bob.nelson/softwarel.htm). This program measures the light curve data around a mini-
mum using six different algorithms, and produces a weighted mean of the results. A typi-
cal primary eclipse light curve is shown in Figure 2 (from Phil Evans).

The ten resulting times of minimum are listed below as HJD, with observer initials. The
parenthesised figure shows the uncertainty in the rightmost decimal place. Note that
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Figure 2. Primary eclipse observed by Phil Evans on 2010-03-21 UT.

Boyd and Pickard observed the same minimum separately, with indistinguishable re-

sults!
2455229.40931(5) DB 2455260.33015(5) DB
2455247.38718(6) DB 2455268.95901(3) TR
2455250.98280(6) TR 2455273.99295(8) TB
2455257.45284(6) DB 2455276.86934(7) PE
2455260.33013(5) RP 2455304.91128(5) MS

The first minimum was taken as a working initial epoch, and using a trial period of
0.719d to obtain epoch numbers for the times of minima, a linear least squares regression
was performed of the times of minima against their epoch numbers. See Figure 3.

CU Hya Times of Minima 2009-10

5310
5300 - y=07191Ix
5280 =1

5280

5270 - /
5260 -
5250

5240 -
5220 A ; T T T ¥ }

0 20 490 &0 80 100 120

HID-2450000

Epoch

Figure 3. Observed times of minima (HJD) of CU Hya (y-axis) against epoch numbers (epoch 0 at HJD
2455229.41016).
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The regression gave the following results:

EO0 = HJD 2455229.41016(45)

P=0.719067(8) d
The mean residual of the regression was 42.46 s. The phase plot folded on these light ele-
ments (Figure 4) exhibits the typical profile of two well-separated stars of different lumi-
nosities partially occulting each other. The "straggler" data points that can be seen are due
to either noisy data from a setting target, or the use of different filters.

145

Mag

Phase [1:68: 14:10]

Figure 4. Phase plot of CU Hya, folded on 0.71907 d.

Conclusion and Future Work
Six observers obtained ten primary minima data sets for CU Hya in 2010. Each time of
minimum was derived using six methods. A linear regression on these times of minima

gave the following light elements:
HJD 2455229.41016(45) + 0.719067(8) x E

Further work on this system using existing data will comprise:

Times of Minimum of secondary eclipses,

(O-C) comparisons with earlier data from other observers,

Derivation of colour information,

Stellar modelling.
When concluded, the work will be submitted for publication under the names of the ob-
servers as a refereed article.
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ECLIPSING BINARIES FOR FUN AND PROFIT PART V

LIGHT CURVE MODELLING
Bob Nelson, PhD

Introduction

In this article I shall describe how to do light curve modelling for eclipsing binaries. What
are we talking about here? Recall from previous articles that eclipsing binaries (EBs) con-
sist of two stars that revolve about their centre of mass. They are almost without excep-
tion too distant for any Earth-bound telescope to see them as anything but a point source
of light. We know that they are eclipsing because if we follow their light intensity over a
full period (getting a light curve), we see dips in the intensity which correspond to one star
passing in front of the other (or eclipsing). In previous articles, I have talked about the
types of EBs, the distinguishing shapes of the light curves, how to observe them, what
equipment one needs, and how to determine accurate times of minima.

In this article, I will to describe how to derive real, physical parameters from the light
curves. The software is freely available to anyone with a pc. (Sorry Mac and Linux - I
don’t use these platforms.) The using of it, however, requires a somewhat lengthy learn-
ing curve. For beginners, there is much that can be done here; however to become accom-
plished, you will need lots of experience.

The Problem

You have these light curves, hopefully in several passbands. B, V, R, I are the usual filters;
you might use the subset BVI (if the star is bright enough to do B), or VRI (if B is just too
faint, especially if the star is later in spectral type). What we would like to determine are
the real parameters such as the stellar masses, the surface temperatures, the radii, and the
orbital inclination.

Star modelling attempts date back to Russell and Merrill (1952). In this method, “light
curves were ‘rectified” to get rid of the ‘ellipticity’ and ‘reflection” effects, and such other
perturbations from the light curve as could be modelled by a truncated Fourier se-
ries” (Kalrath and Milone, 1998). Needless to say, this complicated and messy approach —
while the best that could be done with the limited computing power available at the time —
left much to be desired. Other approaches were also tried.

The modern analysis procedure of choice is the Wilson-Devinney (WD) method (Wilson
and Devinney 1971). In it, the program uses stars with real, Roche star shapes and calcu-
lates the light intensities that an observer — placed at a specified angle (or inclination, i) off
the normal (or face-on position) of the orbit -- would see throughout a full period. Modern
stellar atmosphere models, together with limb-darkening values are used. In this way, a
tull light curve for each passband is calculated. This is the process of light curve synthesis.
You start with some basic parameters and calculate the light curves.

Later on, we will tackle the inverse problem — that is, starting with real, observed light
curves, how do you end up with the basic parameters? I shall not go into any theoretical
12



considerations but would refer the reader to Kalrath & Milone (1998) for full discussions.
What is needed here is a bare-bones description of what you, the reader, need to get going.

Software

Before I get started, I'd like to mention that there are many resources on the web to help
you, as well as commercial packages such as Binary Maker 3 [www.binarymaker.com].
BM3 is superb for allowing you to input some parameters and see immediately what the
light curve will look like (as well as other goodies such as the radial velocities and ani-
mated 3-D shapes of the stars). If you want to get into EB modelling, I'd encourage you to
buy BM3. (It, of course, uses WD code as its “engine’.) However, in order to actually solve
the system, you will want to use the full WD code.

The full WD code, available from Bob Wilson’s website at the University of Florida, is in
FORTRAN 4. The raw code needs to be compiled and linked to become an executable.
Different platforms require different compilers. I have one for the pc, and have done the
necessary compiling and linking to get the executable files. Next, in order to run these,
you need to create large and complicated text files that the executables will read and run
the software in a DOS window. Sadly, Bob Wilson uses formatted input code which re-
quires you to get the many data fields perfect, or the software will not run correctly.

Some years ago, I wrote a Windows interface WDwintxx.exe (where xx is the version num-
ber) that writes the correct files, runs the (DOS) executables, and reads and displays the
output files. (The latest version is available on my website at members.shaw.ca/
bob.nelson.) This windows front end, written in Visual Basic, uses all the convenient Win-
dows tools, such as drop boxes, menus, short-cut keys etc. It also has clickable labels that
open help boxes for the many quantities, and much more. It makes modelling a lot easier
and quicker.

To use this software, you need to set up the program and some included files in a suitable
folder, and create a separate sub-folder for the data files for the star you want to model.
Owing to the limitations of DOS, no folder name in the path can contain a space. (The un-
derscore is fine.) Failure to adhere to this condition will mean that the DOS executable
will not run.

Initial Steps

Before you get started, you should get a coil notebook or a scribbler into which you record
tirstly the basic data for that star: spectral type, temperature T1, log g, and the limb darken-
ing values (see below). Include all references and be thorough. It pays to be methodical.
After that, I recommend assigning a row for each trial fit with typically 10 columns, one
for each parameter to be adjusted (such as inclination, temperature T», etc.). That way, you
can keep track of the changes, look down the page and see which way the fit is going.

Note: By convention, the star that is eclipsed at the primary (deeper) minimum is called
star 1; its companion, star 2.

The next thing that you need to do is prepare the light curve data files, one for each band-
pass. You will have somewhere (I use Excel spreadsheets for everything) differential mag-
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nitudes, m, and the corresponding Heliocentric Julian Dates (HJDs). The former need to
be converted to light values using the formula I = Ce10-%4™, where C = arbitrary constant.
This conversion, of course, is done on a spreadsheet. Adjust C so that the maximum be-
tween eclipses is close to 1.0.

Although the WD software allows you to work with HJDs, I recommend working with
phase. The latter can be calculated in the spreadsheet by the formula ¢ = (HJD-HJDo)/P -
INT((HJD-HJDo)/P) where H]JDo = heliocentric time of minimum of some initial primary
eclipse, and P = period in days. You can get a set of elements from the appropriate O-C
tile on the AAVSO website (Nelson, 2010). Your data (text) file will then consist of pairs of
values (phase, light) with one line for each pair of values. Again, see the documentation for
more details.

The next thing that you need to do is determine the surface temperature T: of the brighter
star. The simplest way is to get on SIMBAD (simbad.cfa.harvard.edu/simbad/sim-fid), key
in the star name (e.g., AC Boo, V0839 Oph) and scan down the page for the spectral type.
If that is not available, try to get the infrared colour index J-H, available from the same
page. If that is not available, use the visible colour index, B-V. (The problem there is that
there may be interstellar absorption, in which the B-V index will be subject to reddening.
The infrared index is less susceptible to absorption. Do your best.)

With the spectral type or colour index in hand, you can go to tables which will yield Ti.
Another quantity you need is the log g value, where g is the acceleration of gravity at the
surface of the star, in cm/s2. (I have a table on my website, MS_PROP5.xIs, which lists
these and other quantities as functions of spectral type.)

#: Van Hamme Limb Darkening Tables Version 1:1 =1 x|

The next set of quantities you

Pandgiass X Y Temperature and Log g need are the limb darkening values,
a 0671 0257 | = x.1, x2, y1l and y2 (or.le set for each
v 0641 0258 filter plus bolometric). These are
b D0 Ghss [sanEsiaylew the coefficients that describe the
w03 050G | EESrCet upper atmosphere of each star
U 069 0217 TP and how the intensity fades as
0 050 wamp: | Sl you move towards the edge.
V0247 0590 These values are available from
R 0113  0.638 Temperatun the very convenient interpolation
I 0032 0624 program VHLimb, written by Dr.
J  -0.067 0.640 Log g Dirk Terrell (see Fig. 1); this also
K -0159 0.604 is available from my website. For
L  -0070 0.389 further information about which
M -0.037 0.283 limb darkening law (logarithmic,
-0.025  0.169 square root) to use, etc., please
Rc 0.133 0.640

see the documentation that comes

o €06 6 2 l with the WDwint package. Write

Dommntoc 0l 1O down all the values in your note-
Figure 1. The program VHLimb with the limb-darkening val- book.
ues for CV Boo.
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| & WDwint - C(V_Boo173V.kci =10
' File RadfConv CritPotls Adjust Datafies Spots isc, RunlC DisplaylCO Load DCO  Display DCO  Contours Help

O

frac <] frsmoe <] [o] 1] e sam =] o
[o-phose <[ o2zc63 ][ 847 ][0 [ 0017 ] [ O ][iyes =][ 13847207

 ooomo)[ 1am][ or0] [z
2 dsteched <] [0 [1] [1] [20][®0) 523500 [ 000000+00

7:v__[Ei) 5500 R 6.5ell 59520 2454 2o3 591 558 [ 0.000c) 0 J§ 0008 1.000

Fig. 2. The main screen of WDwint with the final values for CV Boo.

Now, once you have started WDwint, carefully look through the values on the main screen
(see Fig. 2). Yes, it's bewildering at first! However, if you click on any label, a window ap-
pears with an explanation of that quantity. Many of the quantities are simple specifica-
tions for which you can use the default values. However, you need to set the following;:

Row 1: Box 1: select “1:LC’; Box 5: select ‘2:Log” or “3:5qRt” depending on which limb dark-
ening law you are using (click on 'Limb dark" for further info). Also make sure ‘LC’ radial
control is chosen.

Row 2: For ‘JDPHS’, select “2: phase’. Do not worry about the period, which only enters
the picture if you are using HJDs instead of phase, and/or using radial velocity data as
well.

Row 4: For MODE, make the choice that corresponds to the type of light curve you have.
Mode 2 = detached systems, Mode 3 = overcontact binaries, Mode 5 = semidetached (Algol
-type) systems. You should be able to look at your light curves and get an idea. See Part I
of this series for descriptions and pictures of the types of light curves.

Row 6: Enter into the last four boxes the bolometric limb darkening values you got from
VHLimb. (Note that x2 and y2 are for the slightly different temperature of star 2. For start-
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ers, you can use the same values as for star 2. The choice is not critical but one likes to get
it right.)

Row 7: For ‘band’, select the type of light curve you are fitting (B, V, etc.), for boxes 5-8,
enter the limb darkening values for that band. Note that the Cousins filters R. and I. are at
the bottom of the list.

Rows 3 & 5: No changes needed.

Here are the five key parameters: T = temperature of star 2; q = mass ratio, M2/My; i = or-
bital inclination; (1, (2 = potentials; and Li1 = light intensity for star 1 (for mode 3, you
don’t adjust L2 -- the program does that).

For starters, set T2=T1, set q=0.3, seti=80° and set Li=6 or 8.

Note that, in mode 3 (overcontact binary), by definition (1 = ()2, so you can only adjust the
former. Similar restrictions apply in mode 5 (Algol-type), where (2 = Q;, the inner Roche
potential. The Roche critical potentials are a function of the mass ratio alone. You can get
these by clicking “Crit. Pot’ls” on the menu bar.

Omega i (i) is the inner potential, the potential of the Lagrangian point 1. When a star is
tilled out to this point, it starts to spill matter over to the other star.

Omega o (Qo) is the outer potential, at which matter can leave the system of two stars. It
represents the largest possible physical size for an overcontact binary.

Note that the potentials, always positive, increase as the radius decreases. Therefore Qi>
Qo

You need to get the potentials right for the type of system you have:
Mode 2 (detached): Q1> Qiand Q2> Qi

Mode 3 (overcontact): Qi> Q1> Qo and Qi> 2> Qo

Mode 5 (Algol): Q1> Qiand Q2= Q)i

Pick values for (1 and (- that satisfy these conditions; don’t worry about the exact val-
ues, you will get to adjust them later.

Save the settings under a convenient filename in the folder for that star, e.g.,
CV_Boo001.Ici. By convention, .Ici is for the LC input files, while .Ico is for the output
tiles.

Now you can run the program. Click [menu] ‘Run LC” > ‘Standard’. A black DOS screen
should appear for 1-5 seconds. If it lasts for only a fraction of a second, the program did
not run and there was a problem. (Was the pathname free of spaces? If this was not the
problem, look at the output file with a text editor and see if you can sniff anything out. If
all else fails, read the documentation or email me.)

If the program ran successfully, you can look at the output by [menu] ‘Display LCO” >
‘Standard’. A nice graph should appear (see Fig. 3) and you can load your data by [menu]
‘File’ > ‘Load LC Data Points ...” in the graph window. The computed LC won’t match
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your data, of course. Read on.

. CV_Boo173V.lco + CV_Boo_V.csv
File Plot Options Print Help

6.548

1.0 T l“"vqu_\ T /{Mt T T T
0.5
0.0 1 1 1 | | | | | 1 | |

u.0 0.5 1.0

Mode: 2 Inclin: 87.89 LCOFile: CV_Bool173V.Ico Phase

T1(°K): 5784 Pot'l 1:  4.8441 M2 7 M1: .97081

T2 (°K): 5639 Pot'l 2: 4.7585 DataFile: C¥_Boo_V.csvy

Fig. 3. The output screen of WDWint, LC side, using the final values for CV Boo.

Fitting Procedure
Now you are into an area that is a bit of an art; however, there are some guiding princi-
ples.

1. To make the eclipses deeper, either increase the inclination or increase the mass ratio
q=M2/M1. (But if you make the inclination too close to 90 degrees, you will generate
a flat bottomed minimum, which may not be what you want.)

2. To make the secondary eclipse shallower, decrease To.

3. To make the eclipses narrower, and with more of a shoulder, increase (1 or 22 (this
makes each star smaller). The shoulders mark the first and last contact times — in be-
tween is the partial (or total) eclipse.

4. Adjust L1 to make the computed curve lie near 1.0 at phases 0.25 or 0.75. The number
at upper right on the plot page is the suggested value of L1 for this to happen.
Now save the file, re-compute, and re-examine the output curve. In this way, going
back and forth, you should be able to obtain a preliminary fit.

There is a glitch in this fitting. Terrell and Wilson (2005) proved, by using artificial data,
that it is impossible to attain an accurate solution for mode 3 (overcontact binary) or mode
5 (semidetached, Algol-type) in the case of partial eclipses. If your binary makes complete
or total eclipses, fine. However, if your system undergoes only partial eclipses, you will
need radial velocity data to ‘break the degeneracy between inclination and mass ratio’.
(This latest bit of jargon means that, for the computed curves of the partial eclipse case, in-
creasing the depths of the eclipses by increasing the inclination can be cancelled out by de-
creasing the mass ratio.)
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Once you have a reasonable fit, you can switch to the DC (Differential Corrections) side of
the program. (Note that the screen will be slightly different from Fig. 2.)

This is the implementation of WD that allows you to zoom in on the best fit. For every set
of parameters, it calculates the sum of the deviations squared for each data point (which is
a measure of the goodness of fit). What happens is that you now specify which quantities
are to be varied in turn (by increments you can set). The program runs with the different
parameters and, from analysing the resulting sum of deviations squared for each case, the
program calculates the corrections to each of the parameters you need to make to make the
tit better. (It also calculates the predicted sum of residuals squared.)

To start, merely click on the LC/DC radial button at the right of the main screen. You will
then need to load all your light curves, together with the limb darkening coefficients that
you got from VHLimb. (Click on [menu] ‘Datafiles’, select the number of files that you
have, and fill in the boxes and load the files (see Fig. 4). Type in the appropriate digit for
‘band” and the appropriate wavelength appears. (For a list, click on ‘band” on the main
screen.) Type in values for L: (one for each filter) that would correspond to the value(s)
you found in the LC fit. Do not worry about L2; the program sets that. For ‘Sigma’, put in
the estimated random error in the LC data. This might be 0.02 mags ~ 2% for example.
For ‘Noise” and ‘EL 3’, use 0.

Print

Data Files and Parameters

0K I Cancel I
Radial Velocity Files
# of Files [P~ Load ot pand wavel L1 L2 x1 %2 y1  y2  Sigma
Load | [0 (4100 6] [& ] [0799] [o78] [072] [00%3] [07]
File 2 [CV_Boo_RV2-100.cs Loadl EH 4100 6 || 6 [[0.799][0.799]]0.12|[0.093| | 0.1 |
Photometry Files
Kotk [ T band Wavel L1 L2 x1 x2 oyl y2  Sigma Noise EL3

tond | [7]
File 4 L""’dl @1 -7890] [ 6.555 | [ 6.555 | [0.055] [0.086] [0.632] [0.606] [0.015] E] [ 0]

File 5

{ .55uu|| s.sss” 6.538||0.24s||0.283|[0.591]|0.558| |0.015| E [ 0 ]

File 6

File 7

Figure 4. The Data File window for WDWint. The values are for CV Boo.

.Now you are ready to look at varying the parameters. These will likely be the five pa-
rameters mentioned above (i, T2, q, Li, (1-- and (:for detached systems) and you may
want to add phase (in case you did not get the elements HJDo and P quite right) and spots.

But wait — not so fast! It turns out that you cannot vary all the parameters at once — this is
because some of the parameters are correlated (for example, (1 and L1 in Fig. 6). What you

18



Print

Adjust Parameters

A selected item means that the parameter will be adjusted to fit the data.

Cancel I

LY 7o) | p— Orbital ——--—--- Physical
[ Spot Latitude [0 Semi-major Axis [ F1 (star1 rotation) [ Star 1 Potential Figure 5.
[ Spot Longitude [ Eccentricity [ F2 (star2 rotation) [ Star 2 Potential
[ Spot Radius [ Arg. Periastron [ g1 (grav. darkening) O M2 7 M1 The Ad]'ust
[J Temperature Factor [] dPer / dt [ 92 (grav. darkening) [ L1 (star 1 Luminosity) page for
Spot B - O ¥ gamma [ T1 (star 1 temperature) [ L2 (star 2 Luminosity) WDWint.

[ Spot Latitude
[ Spot Longitude
[ Spot Radius

Inclination [ T2 (star 2 temperature)
[ J.D. zero [ Star 1 albedo

[ Period [] dP/ dt [] Star 2 Albedo

[ Phase Shift

[ X1 (star 1 limb darkening)
[ X2 (star 2 limb darkening)
[ EL3 (Third Light)

Increments |

[ Temperature Factor

need to do is vary all the parameters as we did above, run the program and look at the
correlations, listed on the [menu] ‘Display DCO’ >Correlations” page. Then, from this ma-
trix, set up subsets of the set of all parameters whose bilateral correlations are less than 0.5
in absolute value. You then vary the parameters, rotating from one subset to the next.
[For this case, i-T2-Q1, i-T2-L1, and i-T>-q would be those subsets. Note that there can be
other parameters to ,be included if one has radial velocity (RV) data or spots. CV Boo
used RV data.

. Correlations - CV_Boo173.dco 73

Print
Correlation Matrix
Inclin. T2 Potl1l M2 7M1 L1

Inclin. | 1.00000” .30735|| .18338“ -.05537|| -.17794|| ]| || || ||

T2 .30785|| 1.nnuuu|| -.us123|| .un1ns|| -.25098|| || || || ||
Pot’l 1 _16838|| —.08123|| 1.uuuuu|| _5547s|| -.91999|| || || || ||
M2 7 M1 -.0553?|| .00103|| .854?8“ 1.oooou|| -.?8813“ ]| || || ||

L1 -.1?794|| -.25098|| -.91999|] -.?8613” 1.uuunu|| ]| || || ||

| || || || || | || || ||

|| || || || /| | | ||

|| || || || | || | || ||

I
|
I
I
| || || || || || || | || ||
I
I
|
I

| || || | || | || | ||

Fig. 6. The Correlation page for WDWint with the basic five parameters. (The RV
parms are absent.)
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The process can be complicated and long, but you should be able to zero in on a solution.
(A solution is reached when, for each subset, the suggested corrections are less than the
estimated errors by some percentage (like 50% or 10%, etc.). It is recommended that you
try the sample files that come with the WDwint package. One of these is for the relatively
simple detached system, CV Boo which has had a solution published (Nelson, 2004).

. I/0 Parms - CV_Boo173.dco 1 x|

Print
Input/Output Parameters

No. Curve Input Parm. Comrection Std.Dev. Output Parm.

Inclin. El [ 87.8920000 | [-3733 | [ 1132 | [ 87.5187074 | Update| Figure 7.
12

@ [ 5639.00000 | [ 3232 | [ 4459 | [ 5671.32097 | Update| One sub-

Pot'l 1 [0] [ 48441000 | [-0552 | [ 0074 | [ 4.78892385 | Update| set of the

basic pa-
rameters
for CV
Boo

Sum{W*Res**2] - Input values 01462 Sum[W*Res**2] predicted 01258

Fig. 7 shows the screen shot for the input-output parameters for CV Boo. Note that the
standard deviations of the suggested corrections are less than one third of the actual cor-
rections in each case. If this condition applies to all the parameters (which it does), we are
therefore at solution.

The preceding was, for sure, a brief explanation of WD modelling. There will undoubt-
edly be glitches and setbacks in your modelling attempts. Feel free to email me for help.
Be assured, however, that the results are worth it!
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CATACLYSMIC VARIABLES IN QUIESCENCE

Stan Walker astroman@paradise.net.nz

All of you are familiar with the work previously carried out by the RASNZ VSS in measur-
ing cataclysmic variable stars. Due to their efforts we were able to determine types of CV,
intervals between outbursts, types of outbursts and a large amount of useful information.

Whilst a couple of dozen stars were visible during outbursts the number observable dur-
ing quiescence is much smaller - hence our knowledge of the fainter parts of the light
curves was restricted to a few bright objects like VW Hydri, BV Centauri and some others.

10 20 a0 40

2445380.0+

Figure 1: This image shows 50 days of visual measures of VW Hydri in 1984. Contrast it with Figure 2!

In recent times the advent of CCDs has seen intensive study of the outbursts and orbital
and superhump periods have been found for most stars brighter than magnitude 20. Not
all CVs are suitably inclined to our line of sight to show orbital humps - and superhumps
have only been recognised in the SU UMa stars with periods of ~2 hours and less.

55170 55195 55220
8 1
3¢ o
. L4
*
.
1 ¢
.
)
.
- .

* 0 * o o o 4 L L * ¢ °

14 - — .

Figure 2: A similar 50 day period including the January 2010 superoutburst showing the decline in ob-
servations of this, the brightest and most popular of the southern CVs.

At this stage it would probably be useful to find out more about these stars in the non-
outburst states. Observing these can reveal something about the structure of the systems
which, in turn, determines the frequency and nature of the eruptive outbursts. Because of
the sensitivity of the CCD as compared to the eyeball - and its ability to make long expo-
sure images - the number of targets is extended dramatically.
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The proposed project involves monitoring the stars in range, but with only one or two
images a night. Since there are less than a hundred of these stars brighter than V =17 this
is not an onerous task. So how do we go about it? We want to observe in the V range,
similar to that of the eye. These days almost every group has access to a 'go to' telescope
and a CCD camera, usually with standard RGB filters. A few may have BVRI or some
combination of these. The goto telescope removes one of the problems, locating the star
with a pointing precision of several arcminutes, as it should be somewhere on the frame.
The filters remove most of the atmospheric effects - but sacrifice a little light at the faint
limits. Unfiltered photometry suffers in accuracy and may introduce spurious effects
when the time scale we're looking at is considered —but this could be experimented with
as it adds another magnitude—and the CBA has something similar in mind with the in-
frequent outbursters.

All participants will be provided with access to free professional data reduction software
for those without this. A review of one of the best appears on page 25. As well, mentors
are available to take you through some of the necessary incidentals such as flat fielding
and dark frames where necessary. Some of this will be familiar if you have been making
images of deep sky objects. The reduction software produces a compact numeric datafile
file which can easily be emailed. You would have between 10-100 of these a night. You
don't even need to identify the target star on the image frame but we will determine
which one for your information. After that, it's a simple task, if you wish, to keep track
yourself of what's happening.

We suggest that in each field you take two or three exposures, say 40 to 60 seconds de-
pendent upon the size of your telescope. If we can build up a team of people willing to
spend an hour or two a night on a regular basis then the object of the exercise, to provide
one or two datapoints a night, will be achieved. What will we find out? These features
should be resolvable:

e What is the frequency of outbursts?

e Are there different types of outburst - shape and duration tell us this?

e The shape and duration are themselves important.

e Some stars with superoutbursts show normal outburst precursors.

e There are conflicting reports of almost flarelike outburst. Are these real?

Previously unknown orbital periods may be noticed in a few cases.

The stars are obviously seasonal, due to the Sun's presence at times, but even a year will
provide a lot of information. We do not see this as an exclusive project, rather as some-
thing a little different from whatever you're doing at present and when you feel you need
a change. And if you're part of a group, either locally or through this project, we've found
in the past that this makes astronomy much more enjoyable.

All measures will go to the International Database, operated by the AAVSO, where they
will be attributed to you as the observer. First, however, they need to go to the project co-
ordinators for translation into magnitudes as they appear in the sky - a process which
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may need a few more observations - simple to make but which allow transformation into
the standard system. About 20 minutes work spread over a month or two for each star.
As with all such cooperative projects all participants with a reasonable number of meas-
ures will be co-authors of any papers published. This won't be immediate but within the
next 12 months there should be suitable material in the case of the best objects. Some sug-
gested targets will appear on the website in the next few days.

One of the most studied southern objects is VW Hydri. The November, 2008, Newsletter
contained some thoughts about this star on pp 8-10. The phenomena described are proba-
bly quite common but as comprehensive measures of only a few stars are available who
can make any definite comments? For those not familiar with the CV mechanism a brief
summary appears on page 24. The overall mechanism is very simple but the ways in
which this is seen are very complex. So, if you're feeling a little bored with whatever
you're using the CCD camera for at the moment try this idea out. Contact me initially if
you're interested and I'll provide the necessary backup
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'Y L 4 ..
¢ * °
* * ..
14 1 . 0
IIIIIIIIIIIIIIIIIIllllllllllll..............
16 VW Hydri - Normal outburst and superoutburst
-1 3 7 11 15 19

This figure was originally published in the November, 2008, newsletter but illustrates some of the points
mentioned. The normal outburst begins as a ‘single shot event’ with part of the overfull disc being
dumped onto the white dwarf primary. But the primary is partially obscured as this happens and the sys-
tem becomes redder—as shown by the dip in the B-V colour—with the light coming from the hot disc
and the cooling infalling material. There is a noticeable slowing at V = 12 but then the accretion heating
on the primary begins to dominate the system. Once maximum brightness is reached the star begins to
get dimmer and cooler. A simple story.

But when conditions are right—about every 180 days for VW Hydri —the normal outburst appear to trig-
ger a continued and enhanced flow of material from the secondary star. This can be found in the brighter
green triangles of the plot as enhanced orbital (obeying the orbital period of the system) humps. Nor-
mally the orbital humps are drowned out by the light from accretion onto the primary during outburst
but if they are visible it shows that mass flow has increased by 30-40 times and this is what drives the
superoutburst. The disc becomes distorted, it precesses and the apparent period becomes different from
the orbital period by a few percent. When we first noticed this in Auckland about 1970 —before the su-
peroutbusts were modelled —we were completely bemused by how the orbital period could change like
this. Our original paper on the system provided the correct period —but we had to admit that the similar
appearing superhumps were something different!

So the type of measures proposed in this article may reveal similar unknown information about CVs—
and the vast majority have not been studied in any depth at quiescence.
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WHAT DRIVES THE CATACLYSMIC VARIABLE PHENOMENA?

A study of the literature relating to CVs reveals a bewildering array of types of CV and a similar variety
of phenomena. The field has become exceedingly complex at first glance and the amateur wishing to
make contributions in this field is often overawed by what is read. But it's not as complex as it seems.
Like all stars the events depend upon a simple energy source and how it reacts with its surroundings.

It is often forgotten that, except for the rare nova outbursts, all the energy is being provided by the cooler,
mass losing star (normally called the secondary) and it is only the variations in the rate of mass loss and
flow that produce the almost bewildering variety of CV types. The energy being released is heat from the
kinetic energy of material falling into the deep gravitational well of the compact primary white dwarf
star—but the series of stages can appear confusing and complex. We can liken the whole process to a se-
ries of waterfalls in a river where the various stages on the way to accretion by the primary star resemble
a series of ledges at different altitudes —and with multiple branches in each fall —and with interlacing
water streams. Sounds complex, but then so are the observed phenomena!

The initial event is the formation of a disc resulting from the mix of gravitational attraction by the pri-
mary and the angular momentum of the material peeled off the secondary star through the L1 point. The
material falls toward the white dwarf but it’s no longer in that precise direction —so the gas stream be-
comes curved, links up with itself in the chase and eventually forms a disc. Without this material and the
resulting disc the system would be a simple binary star of rather short period. We see this type of thing in
the low states of some CVs when mass transfer ceases, usually because the cool star shrinks away from
the L1 point. This is often a consequence of prolonged mass transfer.

During quiescence, which is the state of the CV when mass is being transferred, but outbursts are not in
progress, the disc is the main source of luminosity. Since it cannot exist without the stream of material
from the secondary there will be a gas stream where flickering seems to occur, and a collisional point
which is hotter than the rest of the disc. We see this as the orbital frequency humps in these systems
when the inclination is greater than about 50-60 degrees.

The normal outbursts of a star like VW Hydri result from material being lost from the disc onto the sur-
face of the white dwarf. Once again kinetic energy is transformed into heat. The outburst shows the
shape of a single event—a sharp rise in brightness and a slower fall —and the UBV colours support this
idea. It is even possible to see the initial obscuration of the WD star before the infalling material reaches
it as a temporary slowing in the rate of brightening and a reddening of the system overall.

The superoutbursts are a more prolonged event with continuous mass transfer providing an ongoing
source of energy for a period. This has been observed in greatly enhanced orbital humps —clearly a sign
of greater and ongoing mass transfer.

So far all of this is simple but once we move away from the single-shot events of the normal oubursts of
the SU UMa stars the scene becomes much more complex. Various parts of the systems become luminous,
the disc is distorted and revolves at a slightly different rate and in many systems there is a variety of out-
burst types, many of which are hard to categorise. Thus we have SS Cyg types, Z Cams where there is a
"hung up’ state and a good number of CVs which don’t appear to fit anywhere such as TU Mensae. But
all of these can be explained—if the observations are adequate —by the facts mentioned in the second
paragraph above.

In a few rare cases the secondary is itself a white dwarf star, often peeled down so much that all the hy-
drogen has been lost and the system is now a helium CV. Such objects cannot become novae as the tem-
peratures in the accreting star will never be hot enough to cause a surface ignition of helium. In other
stars—polars and intermediate polars —magnetism has a strong role, usually by inhibiting the formation
of a disc and also, in time, producing synchronised rotation of the white dwarf primary.

And, of couse, the systems of each type will lie anywhere between the two extremes. Returning to the
waterfall analogy, think of the CV phenomena as similar to a waterfall with multiple parallel paths, with
perhaps only the polars —where magnetism inhibits disc formation —showing a single event along each
path.
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SOFTWARE REVIEW—-MUNIWIN V1.1.27

Phil Evans Rarotonga, Cook Islands phil@astrofizz.com

Good things are often said to come in small packages and with a download size of just
2.3MB Muniwin v1 is a classic example. If you are doing CCD photometry then this little
package is one that ought to be in your software toolkit, and you can’t complain about
the price as it is freeware distributed under the GNU General Public License.

Muniwin won’t control your CCD camera nor will it control your telescope or your fo-
cuser, it is not ASCOM-compatible because it doesn’t need to be. Its sole function is to
take your raw FITS or SBIG files, reduce those using bias, dark and flat frames then re-
port back either the instrumental magnitudes of selected stars or differential magnitudes
for selected variable and comparison stars. The report can be text or graphical.

MuniWin was written using the C language by David Motl of the Czech Republic as an
update to an earlier version called Munipack written by Filip Hroch. The package is
based on Peter Stetson’s DAOPHOT (Dominion Astrophysical Observatory PHOTome-
try) package. The program, source code and documentation are all freely available from
http://sourceforge.net/projects/c-munipack/files/

There are two versions available at the time of writing. Version 1 is Windows specific and
I have used it without problem on W2K, XP (all SPs) and Win 7. Version 2 is functionally
identical to version 1 but has been re-written to be platform-independent and is still a
work-in-progress. I've used it only on my Win 7 computer and found no problems but I
do miss the right-click functionality of the native Windows version. In what follows I will
only refer to version 1.1.27 which is the latest stable release.

When you first run Muniwin you are presented with a clean spreadsheet-like interface
onto which you load your CCD images. You can import either FITS or SBIG’s special
compressed format.

Files Corrections Photometry Matching  Plotting Tools Windows Help
o+ o 8w

¥ Input files

File: Name | Drate and time: | Julian date | Exp. | Temp. | Starz | Original file name | Results

Figure 1. Muniwin’s opening screen showing its spreadsheet-like interface

You can add your files through the ( + ) button or by dragging and dropping from an
Explorer window. If you opt to use the button you can filter the filenames from a Win-
dows folder or add all at once. The filtering function is able to distinguish between sci-
ence images and calibration images (bias, darks and flats).
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You can switch at any time between the spreadsheet interface and a preview or slide
show interface by right-clicking and selecting “Window Style”. Once I've got my images
into Muniwin I usually switch to the slide show and check each image carefully. If there
is a problem then I'll delete that image from the set by right-clicking and selecting
“Remove files”.

Also from the right click menu you can opt to see the original image and view the FITS
header information. When viewing the image you can have it fit the viewing window or
scale it up to 2000% and there are options to have Muniwin automatically adjust the con-
trast and to invert the image. Both of which I find useful. When you select a star on the
frame with your cursor you can see more information including the intensity in ADU, the
sky value, the FWHM and the SNR (but in magnitudes, not as a simple ratio).

[ 00050t - Munivn [E=EE ™
Image ]Info ] Details]
_ X Close ‘
] I - B E:-:pc-rt‘ F'rint ‘
| eI
| |
= Zoony
[ Fit o window
B00.0 % Figure 2.
[v Autocontrast o o
[v lreeert Orlglnal
¥ Show bad pixels image
[ Pseudocolors
[ Show scale data
[ Show apertures from the
[ Show selected stars .
right-
click |
Open
Profile of the star: menu

Center(x) = 245.0 p=
Center(y] = 260.0 px
law = 13611.0 ADU
Skywal =377.0A0U
Std. dev. =138 4DU
P Hb[2] = 2.30 px
PuHbd[w] = 2.03 px
PuHM = 216 p
SMR =-9.1 mag

Once you have added your CCD images the next step is to ‘convert’ them using the ( o )
button (in the spreadsheet view). If they were SBIG format they are converted to FITS
and stored in a temporary folder. If they were already FITS then they are just copied to a
temporary folder. Information is read from the FITS header and used to populate the
rows on screen. Doing this conversion means that your precious original files remain un-
touched. From now on the program only uses the temporary files.

The function buttons along the top of the screen are designed to be used in succession

from left to right and next after the convert button is the time correction button ( tﬂl})
which is useful if your computer clock is off by a known amount. This button will add or
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subtract time in seconds or days and you can apply it to all or a selection (using standard
Windows selection keys) of your images. Repeated use of the time button is cumulative.

The next three buttons are for the reduction process — bias removal (B), dark subtraction
(D) and flat-fielding (F). Of course, if you are using darks at the same temperature and
exposure as your lights, then you do not need to subtract the bias. If you haven't already
got master calibration frames for these Muniwin will make them for you.

To make a master dark or flat-dark frame, add your individual darks, convert them then
go to the Tools menu and select ‘Make Master Dark Frame’. You'll be asked if this is to be
a scalable dark for use at different temperatures or exposures and for this you'll need a
master bias frame.

. e
.

Files Corrections Photometry Matching Plotting Windows Help

D+ @%BDTF]|g¢ Make master bias frame ~ Ctrl+Alt+B
2 Inputfiles Make master flat frame ~ Ctrl+Alt+F
File Name | Date and time | Julian date 9\ Find variables Ctrl+Alt+V  hal file name | Results -~
f tmp00001 fts 20100615 041249 2455362.6] 12 tronomp\STAXEA201 08 uned10..  OK. ‘
f tmp00002.fts 20100615 041551  2455362.6] [ StronomyASTIKEA201 00 uned10..  OK. =
+ trp00003 fts 20100615041853 245536261 [ Process new files Ctrle AltsN  StonomiSTEXES2010Munet10... OK.
« tmp00004. fts 2010-06-15 04:21:55 245536261 % Express reduction Ctrl+ Alt+X stronomp\S TIKEN2010%uneh10... 0K
o tmp00005 fts 2010-06-15 04:24:58  2455362.6¢ StronompAS TEXEA201 08 uned10.. OK.
o tmp00006 fts 2010061504:28:00 24553626 g stronompAS TSXEA201 08 uned 10, OK.
o \mpQ0D07. fts 20100615 043102 245536261 8 Merge frames Ctrl+ Al M nomphSTIXEN2010Muned 0. OK.
+ tmpO000S fts 20100615043404 24553626 Jo JD converter CtreAlte) - Gronomp\STEKE2010unet 0. OK.
o tmp00009 fts 2010-061504:37.06  2455362.6¢ e Heliocentric correction  Ctrl+Alt+H  Stronom\STEXEN20104uneh0..  OK. 52
®,_ Air-mass coefficient Ctrl+Alt+S
|$ Preferencies... Ctrl+Alt+P
Figure 3. Making a master dark frame

Master flats are made in a similar fashion but the individual flats are normalised to a
value you specify in the preferences. The default normalisation value is 10,000 ADU.

Muniwin uses a ‘robust mean” algorithm for making master bias and darks. Robust statis-
tics largely follows classical statistics but is very tolerant of outliers and “small depar-
tures from modal assumptions”. (It's over 40 years since I did my maths/physics degree
and I had to check this out on Wikipedia). In private correspondence with David Motl he
tells me that the algorithms are “based on M-estimators” and produce a value “very close
to the median. Pixels are processed one-by-one independently.”

Once you have your files properly calibrated the next step is to click the photometry but-

ton ( v )- This brings into play two of the original routines from DAOPHOT to firstly
tind stars on the frame and secondly perform aperture photometry on them. When find-
ing stars the program relies on the preferences you set under the Tools menu.

The max and min pixel values are set to bound the linear portion of your CCD’s re-
sponse. For my ST9XE I set my upper bound to be 55,000 ADU (I've previously tested my
camera for linearity) and lower bound to the bias level of 100 ADU. You would generally
set these once then forget all about them unless you change your detector. The read noise
and gain I have previously got from another program (which may have been MaximDL
but I can’t remember now). The FWHM should be set to approximately that of the stars in
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your frame as this sets the width of the Gaussian used to find stars. For the image shown
in Fig 2 this would be 2.16. The detection threshold is the level above the lower bound
below which the program should not claim a bright spot to be a star. This is set in units of
the standard deviation of the sky value and the default value for this is 4 but you can see
I've set 5. In the figure 2 example the sky standard deviation is shown as 19.8 so this
would mean that anything between 199 ADU (5 x 19.8 + 100) and my lower bound of 100
ADU would not be classified as a star and would be ignored.

-

eI _____...- (o e |

General] Calibration  Phatornetry l.-'-‘-.petures] Matching] F'Iutting] Toolz ] Eatalugues]

ok ]

Read naise [&-] Wg Law sharphes cutoff Wg X Cancel | Figure 4.
Gain [e-A800; 1 frame] ITQ High sharpness cutoff |'|.|:||:| ﬂ St dafaults |
Min. pisel value (2DU] [1000 2| Lowroundness cutoff [1.00 2 = Setting
Max. pizel value [ADU] lmg High roundness cutoff Wﬂ Backup | I the phO-

FuwHM of objects [pixels) |215 g Besture | 1 tometry
Dietection threshald |5.00 ﬂ

2 bep | [ Parame-
| ters in the
| prefer-
MNurmber of frames averaged [ Auto I ences
1 =
J menu

Murnber of frames summed |1 g

The low and high sharpness cut-offs are minimum and maximum values for the sharp-
ness of a bright spot and are intended to help the program decide whether the bright spot
(or dark spot) is a pixel belonging to a real star or a bad (hot or cold) pixel. It will also
eliminate low surface brightness galaxies. These values should be left at their defaults.

Similarly the low and high roundness cut-offs are minimum and maximum values for the
roundness of a bright spot and are for the program to use in deciding whether the spot is
a star or a bad column or row. It will also eliminate edge-on galaxies. Again leave these
values at their default settings. FWHM, Threshold, Sharpness and Roundness are pa-
rameters used in the FIND routine of DAOPHOT.

Your image may be the result of summing or averaging several frames and if so you need
to tell Muniwin how many frames are summed or averaged. But the figure you enter for
the gain must be the gain for a single frame not for the sum of frames.

Moving on to the aperture preferences you can enter up to 12 different inner apertures
but only one value each for the inner and outer sky radii.

That’s not generally a problem but look at those four-decimal-place default values (in Fig
5). With a little bit of arithmetic and the help of Excel I found that they lay on a portion of
a parabola y = 0.1818x2 + 0.1818x + 1.636 and to be blunt I have no idea why. More sur-
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Figure 5. Setting the aperture radii for photometry
prising is that the author David Motl does not know either!

In response to my query he writes: “These values originate from the original Munipack, which
was written by Filip Hroch from Masaryk University in Brno, and I believe that in turn they
originate from the P B Stetson’s DAOPHOT software. Originally, the Muniwin was started as a
fork from this project and I left the default values the same - why change something that works?”
Why indeed! Of course you can enter your own values for the inner star radii and I some-
times do.

The program is quite fast taking only a few minutes to scan and measure intensities of
several hundred stars in each of 12 apertures on several hundred frames. In a timed test it
took 1mb50secs to find and measure the instrumental magnitudes of up to 1600 stars on
133 frames. The computer was a 2.6GHz Core 2 duo with 2GB ram.

Next you need to match up the stars on each frame — just press the Match button ( )
and after choosing one of your frames as a reference frame sit back and watch the log
flash by. It took just 12 seconds to match the stars on the 133 frames used in the photome-
try test above but I've known it to take several minutes if the star field is dense

Although the log flashes by as it is working, you can inspect it once the routine has fin-
ished from the Windows | Show message log menu item.

With your photometry complete and stars matched on all your frames you can now plot

the results. Select the variable, comp and check stars using the Stars button ( % ) and after
clicking OK you get an immediate graph of your data. You can save the data and your
export file will be a plain text document with JD (or HJD), diff mag (or instr mag), std de-
viation, heliocentric correction and air-mass (if you've set your location in preferences).
You can set what data you want in the preferences.
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When you plot your graph you can choose which aperture to use for the photometry and
optionally show error bars. But it pays to first look at the Tools | Plot Deviations menu
item which will show you the best aperture to use. It plots the deviations between the
comp and check star for each aperture (see Figure 6) with the assumption being that the
aperture with the smallest deviation will be the ideal one. In Figure 6 this is aperture #3.
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Figure 6:

The Plot Devia-
tions function
from the Tools
menu will
show you the
best aperture to
choose. Here it
is aperture #3
which shows
the minimum
deviation be-
tween comp
and check stars
and is arguably
the best one to
choose.

Now comes the fun part and one of the best features of Muniwin. If you recall it stores
instrumental magnitudes for all stars on all frames so you can check you frames for other
Variables using the Tools | Find variables menu item. Here’s what you see:
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Figure 7.

The Find Vari-
ables function
lets you see
other variable
stars on your
frame besides
your target.
Here I've
found a new
variable and it
looks very
much like a
delta Scuti
variable. It

certainly was-
n’t my target
for the eve-
ning,.
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The program will scan its photometry listing and compute the mean brightness of each
star and its standard deviation then plot these on a graph of std dev vs magnitude.

The program will choose a comp star and you click on any point on the graph and see an
immediate light curve. Of course you can change the comp star at will. I've found several
new variables this way and I'll get around to publishing them one day.

There are a number of other useful features on the Tools menu including plotting a track-
ing list so you can check on your mount’s performance. The program will look up an ob-
ject’s coordinates from one of several catalogues if you provide paths to them. This is use-
ful for calculating the heliocentric correction or to compute the air-mass coefficient. When
you set up the program to make a light curve with heliocentric JDs or to include air-mass
coefficients to the output file, you have to enter the object’s equatorial coordinates. You
can either enter them manually or you can look them up in the GCVS, NSV, NSVS or
BRKA catalogues. You can also use your own images to make a catalogue file which is
useful if you plan on re-imaging the same area again in the future.

For programmers all the functions and commands of Muniwin are available to you as a
reference library that you can link to but I have not tested this as I'm not a programmer.
This library is detailed in the user’s manual which is available as a PDF file.

All in all it is a marvellous program with very little in it to complain about. I think my
biggest gripe is that I can’t set the sizes of the apertures interactively with an image and
circles on screen to guide me in my decision. Perhaps I'll suggest that as a feature for
David Motl to add. If there are any existing users in VSS who have likes or dislikes about
Muniwin (either version) please let me know so I can pass on your comments to him.

AN OBSERVING EXTRA

Mira time is coming round again—not only is Cetus visible about suppertime but Mira is ready to begin its
rise through six magnitudes or so. Visual measures are always welcomed on the International Database but
some of our CCD observers might like to try their hands at BVRI measures each week or so. Another star of
interest is R Hydrae but this is a bit late in the season for it.
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With some room to spare on pages 38 and 39 some light curves of Miras visible at this time are shown —
either rising to or near maximum, or with short periods so they are quick movers. These 100-200 day Miras
are interesting as they often show multiple periods and they’re certainly fun to measure and plot.
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BRIGHT CEPHEID PROJECT
Stan Walker astroman@paradise.net.nz

This project has been running for almost a year and we now have five regular observers,
Aline Homes, Bob Evans, Glen Schrader, John Homes and Peter Williams. Several more
would be appreciated. Some of the measures in 2010 are shown below. Some fit very
nicely, others, like R Muscae, are not as good. It’s possible that there has been a period
change with this last star but we do not yet have enough measures to comment. This
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fourth plot shows the Auckland Photoelectric Observers” Group (APOG) measures super-
imposed on the visual estimates.

From the measures we have so far a number of things are clear. Firstly, it takes a while
for new observers to build up the skill and confidence to reach the standard demanded
by the low amplitude targets. But all the observers are producing valuable measures —for
reasons which are explained on the next page. Secondly, not everyone sees the stars the
same way so we get light curves more or less in parallel but displaced in magnitude.

Note also that the epochs have been offset in all cases so that the maxima don’t appear at
phase 0.00 (they’re hard to visualise that way). One lesson learnt was to give all observers
a similar shape and colour symbol which is used on every star to make things clearer.
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We have selected 1 Carinae to do a case study to illustrate how these measures will be

used. To the left are shown the measures to date in 2010. There may be a few more to

0.00 0.25 0.50 0.75 1.00
3.2 . 5 .
L Carinae ¢ "nm R
46121.5652+ L
355564 @ ta . . . R R
n L L ] L ]
Mean V APOG . ¢ ¢
Epoch to .
fit Visual data -
-
3.7 ~— e - — -
| ° ." |
> .
[ o, ® [ ® [ . ®
s " -,
. - k]
Ae O |
CIPY o0 . *
[} n M ]
n . = AHomes |° =
s mo e ] .'5 . ° ;
Lo, + REvans .
= s ° =
R G Schrader ..
ae | L N J
x Schrader V
an
4.2 _ = * V APOG
* Williams
. + Not Used
[ ] o0 [ ]
. * JHomes . °

come and there are no V measures
by Glen Schrader of this star in
2010.

Overall the plot looks fairly messy
but what we’re seeing here is
largely the different eye responses.
As well, the period has changed
slightly —and then, the V of the
UBV
match the eye’s visual response.

system does not exactly

The object is to determine very ac-
curate epochs of maximum of these
stars and to plot them on an O-C
diagram to follow changes in the
pulsation period.

Such a diagram for 1 Carinae is
shown below. We can see one ma-
jor period change in the 1960s but
there is also the suggestion that
there are short term variations on
the scale of decades. But the meas-

ures are not good enough to be certain. The epochs shown have been determined using a

variety of comparison sequences and detectors—mainly visual, but a few photographic

and some photoelectric V measures from Auckland. The original diagram was very con-
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fused but this was redrawn using only epochs determined from observers who had made
more than 100 measures in total. This removed most of the measures by beginners’
groups as this is a favourite target for such projects. A preliminary set of epochs from this
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project is also shown at the end of this diagram. These were determined using the APOG
mean curve as current visual measures then were too few for a good ‘visual’ mean curve.

The next step was to determine this visual mean curve. The first stage is shown to the left.
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Two levels of running mean were applied
to the data. Since even the 9 point running
mean was too noisy a second stage —with
a fair curve drawn through the individual
points in this and values taken at 0.01
phase intervals—was necessary. This sec-
ond step is shown in the lower illustra-
tion.

In this second illustration we have also
included the mean peV light curve for
comparison. It is clear by using the bi-
sected chords method that the visual
maximum is later in phase than the V
maximum. This has been noticed in Mira
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Feature U B \% visual
Amplitude 1.9 1.2 0.77 0.79
Phase offset -2.17 days -1.70 days -1.23 days 0.00 days

If this correction was made in the O-C diagram of page 33 by moving the V epochs up by
1.23 days the fit would be far better. This has been done in our final figure and is shown
by the black crosses. There are indications of a slight period change about JD 2448000, or
1990. But as was noted in the original project proposal this will take time to determine.
Incidentally, the V range at Auckland is less than the catalogued value of 0.90 (3.28-4.18).
As well, the phase offsets show that care must be taken when using datasets with differ-
ent detectors—and the correction to the PEP data may be too large. Beverly Smith of the
East Tennessee State University has been measuring phase lags on Miras and Semi-
regular stars with somewhat confusing results. There are many papers on this phenome-
non, first mentioned in 1933, and we had to apply corrections between the U, B and V
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maxima determined at Auckland. This last graph shows uncorrected PEP in purple, cor-
rected PEP in black. The corrected epochs do tend to support the idea of a small period
change but the determination of the correction value is open to some question given the
comparatively small number of visual measures, the mix of observers with different eye
response and the time elapsed between the datasets. The AAVSO’s BSM measures of Ce-
pheids in the north may provide some answers.

At this stage it is not clear what the exact present period of 1 Carinae is, but the use of sev-
eral slightly different periods in the illustrations has no effect on the epoch determina-
tions—except in the O-C diagrams which are much more precise methods of determining
periods. The value used in our last figure is the best fit to the visual measures of Peter
Williams and Alan Plummer but these were made with a slightly different sequence.
With modern measures we now know that this comparison sequence will need no further
changes!

Later this year we will be updating the results on some of the main stars in the project
and submitting this to a refereed journal. Keep the measures coming]!
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CCD COLUMN HOW GOOD IS YOUR TIMING?

Conducted by Tom Richards Tom.richards@varstars.org

Much astronomical observational data has time as one dimension — we are interested in
how the stars change. Photometry is like that — its data are given as magnitude (or flux)
against time. Most CCD observers pay great attention to getting the magnitude as accu-
rate as possible, but pay less attention to the other half of the equation. Yet there are
many applications of photometry where getting the time accurate is at least as important
as doing a good job on the vertical axis. Consider times of minima of eclipsing binaries, as
one example. An even more demanding requirement for good timing is the upcoming
SPADES Project, where we need accuracy down to a few seconds. (See "From the Direc-
tor" in this issue about SPADES.). You will find a practical example in the report on VSS
work on CU Hya in this Newsletter. Figure 1 shows one set of eclipse observations from
that campaign.

K Figure 1.
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Careful measurement of the 61 data points in the eclipse yield a time of minimum precise
to 6 x 10~ day or 5 seconds — even though the exposure time was 90 s. (For details of the
measurement see the CU Hya report.) If a batch of data can yield a time measurement of
this precision, we want the timing of the data points themselves to be known even better.

Two factors influence the precision and accuracy of the timestamp in the FITS header of
an image you make: the time on your computer's clock and delays in stamping that time
onto the header.

For CCD work your telescope is run by your computer — any clock you have in your
mount's firmware should not be operational. Computer clocks are not very accurate —
they can drift quite fast. So they need to be synchronised to a very reliable external
source. There is a worldwide system of Internet time servers obeying a protocol called
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Network Time Protocol, keeping time extremely close to UTC. These can be accessed by
any NTP client application you install on your computer, thereby updating your com-
puter clock. Two are widely used, tested and recommended by Australia/NZ asteroid
and occultation observers (whose time demands are critical) for their excellent perform-
ance, and we should use these too. They are:

Dimension4 - http://www.thinkman.com/dimension4/

BeeperSync - http://hristopavlov.net/BeeperSync/ The website has a very good dis-
cussion of the issues.

I use Dimension4. When you set it up it will show you a list of NTP servers you can con-
nect to. Choose a few closest to you to minimise round-trip time delay errors. I have Mel-
bourne University at the top of my list. If you use a server within 1000 km or so of you,
you can expect accuracy of 20 ms or better — ignorable compared to your other problems.
You should set your client to update your clock on starting the computer, and thereafter
maybe every half-hour, or every 10 minutes at the most if you have an old computer. Do
not update more frequently, as the updating can interrupt timestamping an image in pro-
gress.

The bigger problem though is that your clock's output — the time it gives to other applica-
tions such as your screen clock or to timestamp a CCD image —is run by your computer's
CPU. It can suspend clock output for a noticeable time while processing higher-priority
interrupts, which happen all the time. Have you ever seen your screen clock jump a cou-
ple of seconds? Blame interruptions to the display, not your clock. What happens is that
your imaging software queries the clock when it starts an exposure, but that query may
be delayed getting to the clock, so the time returned is late.

We just have to live with these interrupts, so the only game in town is to try to see how
much they can affect the timestamp of a CCD image. A FITS header will timestamp the
start of an exposure, which you can hear as a shutter click from your camera.

So here's a good experiment. Set your watch or a wall clock as accurately as you can.
Check its agreement with your computer clock's on-screen clockface. This in itself is not
trivial. Once satisfied, close your on-screen clockface and commence a series of expo-
sures. Listen for the shutter click and note the time of each as accurately as you can
against your wall clock. With practice you should feel comfortable that you are within 1
second. Do that at least a hundred times.

Now write it up in Excel. For each exposure (row) you record the wall-clock time it
started, the FITS time-stamp, and the difference in seconds (FITS time minus time of shut-
ter click). Find the standard deviation of the entries in the difference column (Excel stdev
(). That is the measure of how precise your individual timings are.

What about the mean of the entries in the difference column? In Excel that's average(). If
it's around a second that may reflect just a systematic error on your part in reading the
wall clock — maybe you usually read a second late, or anticipate by half a second. People
do —it's called their Personal Equation. But if you have a mean difference that you think
is outside your PE, start to worry, for now you have a systematic error in the clock tim-
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ing. Maybe, if positive, it indicates a systematic delay in querying the computer clock.
Worse still, if you find evidence of a significant periodic error in those difference figures —
the difference trends up and down — then really worry, for that is very hard to allow for.
You just get a big precision error.

Hristo Pavlov's BeeperSync is designed primarily to control timestamp insertion into
video frames, and Dave Herald reports (private communication) that tests show that us-
ing auditory timing of shutter clicks agrees remarkably well with the video timestamps;
so don't feel your auditory PE must be to blame for a systematic error. But there are some
obvious ways of pinning down the time of the shutter click more accurately:

. Use continuous shortwave radio time signals plus a sound recorder that can also
hear the shutter. There is no such service in Australia or New Zealand. The least
worst from distant parts is WWVH from Hawaii, broadcasting at 2.5, 5, 10, and
15 MHz. Of course there's a reception delay time. For more information go to
http://tufi.alphalink.com.au/time/time hf.html. Preparing an Excel worksheet of
a hundred entries from the sound recording will be tedious, to say the least.

. Use the sound recorder and get a friend to tap the seconds from the wall clock,
calling out every minute and every ten seconds. This should reduce the PE to a
small fraction of a second.

So, by one of these methods you find the average delay (FITS time minus time of shutter
click). If it is significant compared to the precision error (standard deviation) of those fig-
ures, you need to subtract it from the FITS timestamp to obtain a more accurate time
reading for each image. This is best done when you port your photometry output file to
Excel. Remember that photometry software usually lists the time as the exposure mid-
point, so that's what you need to correct.

Finally, when reporting your data in a campaign that requires really accurate time infor-
mation, such as our upcoming SPADES project, you should correct the time of mid-
exposure if warranted, and always quote your timing precision error.

If you carry out the above experiment, it would be good to report on your experiences to
the vss-members egroup, so we can learn from each other. (I haven't carried out this ex-
periment yet since my telescope has been down for several months.)
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CAMERAS FOR LOAN

VSS has two Meade DSI Pro cameras available for 12-month renewable loan to members. These are suit-
able for entry-level CCD imaging - a good way to learn about CCD variable star observing. Or of course as

a guide camera. They come with the Autostar software suite.
The Pro is a superseded model so you won’t find out about it from Meade’s website. Try http://

www.cloudynights.com/documents/dsi2.pdf .The following specs are an excerpt from that site

Take in DSIspecs.jpg here

If you are interested please email me with a brief account of what you plan to do with it - which may be

as simple as "learning CCD photometry".
Tom Richards

tom.richards@varstars.org

SPECIFICATIONS
. et g
CCD Sensor fﬁxgh Sensitivity Sonv® ExView HAD™ Monochrome CCD
Sensor
Pixels 510 x 492 pixels (250,000 pixels)

Pixel Size in microns)

0.6 microns (W) x 7.5 micrans {H)

A/D Conversion

16-bat (greater image depth and contrast)

MMin. — Maox. Exposure Time

1/10.000 of a secaond to one hour

‘Housing

Anodized die-cast aluminom

USB Compatibility

High Speed 2.0 and 1.1

Size / Weight of product

325"x325"x1.25"/ 10 0z.

The CCD used 13 the Sony IXC234AL  The image area size as given by Sony is 3 6mm diagonal (fype 1/3 size CCD). The
horizontal by vertical imaging area 15 approximately 4.8 mm x 3.6 mm. This 15 the size that along with focal Iength will
determune the field of view of the image taken. There are FOV calculators available on the internet
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VARIABLE STARS SOUTH —Contact Information

Director Tom Richards Tom.Richards@varstars.org
Treasurer/MembershipBob Evans Bob.Evans@varstars.org
Editor Stan Walker Stan.Walker@varstars.org

Cataclysmic Variables Paddy McGee Paddy.McGee@varstars.org

Eclipsing Binaries Tom Richards Tom.Richards@varstars.org

Pulsating Variables  Stan Walker = Stan.Walker@varstars.org

Visual Research Alan Plummer Alan.Plummer@varstars.org
Website http://www.varstars.org
Webmaster Tom.Richards@varstars.org

VSS Members’ email group  http://groups.google.com/group/vss-members

Our website has a great deal of information for VSS members, and for anyone interested
in southern hemisphere variable star research. All VSS project information and data is
kept here too. It needs to be expanded a lot more however, and suggestions should be
sent to the webmaster.

All VSS members should belong to the VSS-members egroup, as that is the main channel
of fast communication between members. If you're a VSS member and still haven’t
signed up to it, please go to its home page (above) and apply.

MEMBERSHIP

New members are welcome. The annual subscription is $20NZ, and the membership year
expires on April 30th. Find out how to join by visiting the VSS website at
http://www.varstars.org/Join-VSS.html. There you will find out how to join by post,
email, or directly online. If you join by email or online you will get a link to pay by Pay-
Pal’s secure online payment system, from your credit card or bank account.

After you've joined and received your membership certificate, do please sign up to the
VSS-members egroup (see above). In its personal information section, it would help eve-
ryone if you added information about your telescope and equipment, your astronomical
interests and anything else you consider appropriate.

NEWSLETTER ITEMS

These are welcomed and should be sent to the Editor. I'd appreciate them unformatted,
with figures and tables separate, although if you wish a particular layout send a format-
ted version as well and we’ll ensure that this is followed as closely as possible. The main
problem occurs when figures or tables run over into the next page but this is not usually
too difficult to overcome. Publication dates are February, May, August and November —
the twentieth day of these months—copy deadline is the first of each of these months.
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