Variable stars — an
introduction

We have seen already that not all of the stars *| m v
the night sky are the same coleuthe brilliant b

16
Star Vega IS blUISh, Arcturus |n Bootes the Herd: 2451000 2451200 2451400 2451600 2451800 2452000 2452200 2452400 2452600
man iS Ol’ange and soon. The ||ght from stars Cul?wnbolKey: Crosses = Negative observation, Triangle = Brighter than, Otherwise: Circle = Visual, Diamond = CCD, Square = Everything clse
tell us important things about a star’s temper:
ture and age, but for some stars the light the
emit is not constant: it varies over time. Thes
are called ‘variable stars’, and the members (,
the Variable Star Section (VSS) of the BAA haw
been studying these stars since 18%0e year
our Association was formed.

Some of these variable stars can be observ
with the naked eye, many with binoculars, and
telescope will reveal thousands of them.

Variable star observing can be done at ar*
level of experience some amateurs (like me) - | ..
simply record the magnitudes of a number ¢. ===

variable stars as part of a wider observing pro- _ ' - o , ) - _
gramme. Gary Poyner is a dedicated variabfdgure 2. Lightcurves of the [very!] irregular eruptive variable R Coronae Borealis.Top:

enthusiast and has made over 275.000 variat}lggg July—2002 NovemberBottom: 2007 January—2016 April.

star observations! Others take on advanced

projects and collaborate with professional aDifferent types of variable  Although astronomers have several different
tronomers. Regular observations of a star’s classifications for variable stars, broadly speak-

brightness (called itpparent magnitude) pro-  Star ing they fall into two groups: intrinsic and ex-
duce a lightcurve which can tell us a great deal trinsic variables. Examples of intrinsic variables
about the physics of these stars. In the modern era, the first variable star to b@clude:

The main observation involved in variable staidentified as such was the red giant Mira (Omi= Pulsating variables. These are stars which
magnitude. Details of how to do this can be foungh 1638, the astronomer Johannes Holwarda no-pjra (Figure 1) isa good example; over a pe-
on the VSS websitétp://www.britastro.org/  ticed that Mira's magnitude varied over the course riod of 332 days the surface of Mira expands
VSS/abSO|Ute_beginners-htm in this article of 11 months. Algol the ‘demon star’in Perseus and contracts producing Changes in tempera_
however I'm going to stick to the basics andvas described in 1669 by Geminiano Montanari yre and brightness. At its maximum bright-
look at the different types of variable star thagnd gradually over time, others were found. Once pess Mira at mag +2.0 is an easy naked eye
can be found in the night skies, and make somotography was employed, many thousandsopject, but it can dim to as little as +10, re-
suggestions on which stars to begin observingsf variables were catalogued. quiriné binoculars or a telescope to see it

— Eruptive variables are stars which undergo

: violent flare activity, expelling material into

* © £ space which causes them suddenly to vary in
brightness. They do this at irregular or semi-
regular intervals. The star R Coronae Borealis
(Figure 2)is an eruptive variable, although
rather than becoming brighter, it suddenly fades
by as much as 9 magnitudes as clouds of dust
and debris obscure the star from view!

%

2 o — Rotating variables are stars which have vast

L 1&? 3 ‘sunspots’ on their surface, which as the star
& ﬁ ﬁé“ o % rotates causes it to change in magnitude. None
- N\ » ‘7!5.. & are currently known to be observable with
= amateur equipment.

Figure 1. Lightcurve of Omicron Ceti (Mira) from 2008 January to 2016 April. (Except where — Cataclysmicvariables(CVs) are, as the name
noted, all lightcurves supplied by Roger Pickard from the BAA VSS database). suggests, stars which have occasional violent
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- ] . - Observing variable stars
. o : . E " o i . o o
— i =z g 8 T ¢ § 3 5 % Observing variable stars is a fairly straightfor-
wisin "y, 2 ik ﬁ' mﬂ‘ W 423 aﬁog "3 o 8, . e ward task. You can either observe them visually,
ISR T Ll T e kg W88 =0 i #®  orwitha CCD or DSLR and the VSS gives de-
- tails on how best to do this. You can choose to
make naked eye or binocular observations, or
Soaubol Kev:  Crgenes = Negative obeervancn, Triangle = Brghter than. Otherwise: Cirele = Visual Diassond = CCD. Square = Everythung she

you can make observations with a telescope.

Not all stars are circumpoldrd. visible all year

3.2 ments are returned into theround),so_to begin wit_h it might be best to choose
y intergalactic medium, ready to @ star_whlch is high in t_he sky so you can ob-

form new stars and planets. serveitona re_gl_JIar basis. .

Anovais the result of a differ- e most difficult part of variable star ob-
ent type of explosion; the pro- serving is trackmg_ down and |_d_ent|f_y|ng the_ star
genitor star isn't destr’oyed put!N guestion. Even |fy0u’r(_e famlllar with the nlg_ht

' - .-sky, it may take some time to find the elusive

the system may brighten by 7 tOvariable. Naked eye and binocular variables are

16 magnitudes in a matter of one t 100 difficult to find as th I it
to several hundred days. After0t 100 diificultto ind as h€y are usually quite
bright or have brighter stars nearby which can be
the outburst, the star fades dt int in the riaht direction. Tel
slowly to the initial brightness YS€d 'O poin blyou In the rg Ilr'tet? '%r.]t' el
over several years, and may re€SCOPIC variables may require a little bit more
: . . work. The VSS produces star charts which will
main at thigjuiescent magnitude X .
45— ; | . : how the variable and a numbeircofmparison
for centuries or decades before® .
02 0.0 02 0.4 06 0.8 undergoing a new outburst stars which are known not to vary (these are
Phase ' needed to make estimates of the magnitude of
Classes of Extrinsic variablest"€ Variable starin question). .
include: There are two me;hods you can use to flnq a
] telescopic variable (if your telescope is not fit-
or cataclysmiooutbursts. These are caused- Eclipsing binaries. These are binary started with ‘goto’). Either use your setting circles
by thermonuclear processes either in the stars'systems, which to the naked eye (and tand slew to the correct position in RA and Dec,
surface layers or deep within their interiors. amateur telescopes) appear as a single starelse you can star hop to the variable.
The majority of them are close binary sys- Much of the time they are at a constant To get the best out of the star hop method, it
tems, with their components having strong magnitude but there will be times when thés best to explore the area around the variable on
mutual influence on the evolution of each star. secondary star passes in front of the prsome free software lik&tellarium (http://
Often the hot dwarf component of the sys- mary, temporarily blocking some of its lightwww.stellarium.org/en_GB). Try to find a
tem (t_he primary) is surrounded by an accre- and causing it to fade. There will also bébright and distinctivenearby star, therrdace
tion disk formed by matter lost by the other, times when the primary passes in front ofither stars which will point you towards the
cooler, and more extended secondary the secondary, causing a smaller drop in ligiariable. | would recommend using a low power
changes to the disk cause the primary star to(Figure 4). The star Algol in Perseus wagyepiece, and when you have arrived at the loca-
bnghte_n. The star SS Cyg(frigure 3) is a _ the first such system to be identified as ation where you think your variable star lives,
splendid example and undergoes a dramaticeclipsing binary. you then need to use the VSS star charts to iden-

brightening every 7 or 8 weeks. This type of - : tify the field stars i(e. the stars in the back-
CV is often referred to asdwarf nova. Planetary transit systems. Stars which have ground surrounding the variable).

_ large planetary bodies can also vary for th At first this might riricky. but ft
Novae and supernovae are alsgsometimes  same reasons as an eclipsing binary system. - ot IS MIGNt SEEMTICKY, but very often

classed as cataclysmic variablessuper- The drop in light levels is a great deal smalleyOU'll find that the field stars make nice little
nova is one of the most dramatic events in but nonetheless, amateurs with access to vefi?uPS Of triangles or other shapes which can
the Universe and marks the final end of a large telescopes are starting to undertake t Ip you identify the variable star correctly. Itis
supermassive star (called tpeogenitor  work. When | first started in amateur asProPably best to start off with binocular vari-
star). When a star becomes a supernova ittronomy afew decades ago, there were nf;\bles which are easier to find before you tackle
can produce as much energy as an entireextrasolar planets knowwe are now living 'S [IeSCOPIC ones.
galaxy. After this dramatic brightening the in an age where amateur astronomersvan Star colours can also be of help herese
star fades away, as gas, dust and new elehelp confirm their existence! Sellarium to see the colours of your star ho_p
stars, so you can be sure you are using the right

ones. If your target is a pulsating variable, it will
often have a deep red colour itself, and this can
also help with identification.

In the table | have given a list of some naked

Figure 3. Lightcurve of the frequently outbursting dwarf nova SS Cygni, 2015 June-2016 May.
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Figure 4. Phase diagram (a type of lighturve) of the eclipsing
binary Beta Lyrae. (Courtesy AAVSO)

Some naked eye and binocular variable stars

—— CTT=CIERE T2 LRI Olg =il e eye and binocular variables which will be good
magnitude method :

— : : targets over the next few months. Long period
Beta Lyr Lyra EcI|p3|_ng binary 3.34.4 B!nocular 13 days variables only need to be observed once a week,
Delta Cep Cepheus Pulsating 3.54.4 Binocular 5.4 days but short period variables and CVs should be
Mira Cetus Pulsating 2.610.0 N;‘_ked IIEye/ 332 days monitored as often as possible. Remember to send

inocular ; - .
. - in yourresults tahe Variable Star Section!
SSCyg Cygnus CEEEIEINE r#12.4 B.I'.g‘l)gsugigi c Iy Observing variable stars is great fand pro-
R CrB Corona Eruptive 5+15.2 Binocular/ Irregular V_'ded you send them to the VS@ur (_)b_serva-
Borealis Telescopic tions will be of value to astrophysicists who

R Sct Scutum Pulsating 4.68.6 Binocular 146.5 days study these dynamic objects.
R Leo Leo Pulsating 4411.3 Binocular 310 days

Paul G. Abel
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