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Introduction
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Types of variable stars 1

What are variable stars?

Stars, whose brightness vary periodically, semi-periodically or irregularly as

seen from earth

• extrinsic variables: variability is due to the eclipse of one star by another or

the effect of stellar rotation

• intrinsic variables: variation is due to physical changes in the star or stellar

system
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Types of variable stars 2

Extrinsic variables

Transiting planets/Eclipsing binaries

Rotating variables
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Types of variable stars 3

Intrinsic variables

Pulsating variables Eruptive variables

Cataclysmic variables
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Binary Stars: Overview
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Binary stars: Overview 1

Binaries

50% – 80% of all stars in the solar neighbourhood belong to multiple sys-

tems.
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→ stellar evolution cannot be understood without understanding binary

evolution
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Binary stars: Overview 2

Types of Binaries

Rough classification:

apparent binaries: stars are not physically associated, just happen to lie along

same line of sight (“optical doubles”).

visual binaries: bound system that can be resolved into multiple stars

(e.g., Mizar); can image orbital motion, periods typically 1 year to several

1000 years.

spectroscopic binaries: bound systems, cannot resolve image into multi-

ple stars, but see Doppler effect in stellar spectrum; often short periods

(hours. . . months).
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Binary stars: Overview 3

Mass determination in binaries

To determine stellar masses, use Kepler’s 3rd law:

a3

P2
=

G

4π 2
(m1 + m2)

where

• M1,2: masses

• P: period

• a: semimajor axis

Observational quantities:

• P – directly measurable

• a – measurable from image if and only if distance to binary and the inclina-

tion are known
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Binary stars: Overview 4

Mass determination in binaries

i=45deg

i=70deg

i=0 deg

View from Earth View from the side

Towards Earth

Problem when analysing or-

bits: orientation of orbit in

space: “inclination”

In simplest case: real semi-

major axis:

aobserved = areal cos i
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Binary stars: Overview 5

Spectroscopic Binaries

Spectroscopic binaries: Components close together: orbital motion via periodic

Doppler shift of spectral lines.

SB2 = both spectra are visible

SB1 = only one spectrum visible

in eclipsing SB2 systems the inclination (close to i=90 ∘) and masses for

both components can be determined.
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Binary stars: Overview 6

Spectroscopic binaries
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Binary stars: Overview 7

Spectroscopic binaries

Double-lined spectra, case SB2

Assume circular orbit (e = 0)

K1, K 2 velocity half amplitudes of components 1 & 2

P orbital period

2πa1/ 2 orbital radii of components 1 & 2

K1/ 2 =
2πa1/ 2

P
sin i

=⇒ a1/ 2 sin i = P
2π

K1/ 2

again sin i remains undetermined
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Binary stars: Overview 8

Spectroscopic binaries

Centre of mass law:
M1
M2

= a2
a1

= K2
K1

Kepler’s third law:

M1 + M2 = 4π2

G P2a
3,

a = a1 + a2 = P
2π

(K1 + P
2π

K2)/ sin i

=⇒ M1 + M2 = 4π2

G P2
P3

(2π)3
(K1+K2)3

(sin i)3
(⋆)

=⇒ M1 + M2 = P
2πG

(K1+K2)3

(sin i)3

(M1 + M2)(sin i)3 = P
2πG

(K1 + K2)3

=⇒ two equations for three unknowns ( M1 + M2, sini ),

sin i can only be determined for eclipsing binaries
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Binary stars: Overview 9

Spectroscopic binaries

Single-lined spectra, case SB1

(only one spectrum visible):

K2 Unknown: K2 = K1
M1
M2

Insert in equation (⋆):

(M1 + M2)(sin i)3 =
P

2πG
(K1 + K1

M1

M2
)3

M2(1 + M1
M2

)(sin i)3

(1 + M1
M2

)3
=

P K 3
1

2πG

Mass function f (M):

f (M) = M2(sin i)3

(1+
M1
M2

)2
= P K 3

1
2πG



Spectroscopic binaries: Radial velocity 
curve



Spectroscopic binaries: Radial velocity 
curve

http://astro.unl.edu/naap/esp/animations/radialVelocitySimulator.html
https://astro-apps.org/BinaryStarSystem/index.html

Try out these interactive simulators!

http://astro.unl.edu/naap/esp/animations/radialVelocitySimulator.html
https://astro-apps.org/BinaryStarSystem/index.html


Light Curves of Eclipsing Binary Stars



The Roche Model

R. Hynes

In a close binary system: Gravitational

potential described by the

Roche potential:

ΦR(r) = −
GM1

|r − r1|
−

GM2

|r − r2|
−

1

2
(ω x r)2

and where

ω𝜔 = (︂ 
GM

a3 )︂ 
1/ 2

Stellar surfaces are isosurfaces of this

potential

=⇒ stars are non-spherical

=⇒ Stellar magnitude changes with orbit.

Roche radius:

RL

a
=

0.49q2/ 3

0.6q2/ 3 + ln(1 + q1/ 3)
(3.11)



The Roche Model

Carroll & Ostlie

Approximations:

• stellar potentials are point-like (most

of the stellar mass is concentrated in

its core)

• Orbits are circularised (quickly estab-

lished by tidal forces)

• rotation axes are perpendicular to the

orbital plane

• stellar rotation is synchronous (tidally

locked to the orbit)



The Roche Model

Detached Binaries



The Roche Model

Contact Binaries



The Roche Model

Overcontact Binaries



The Roche Model

light curves of eclipsing binaries: detached, contact, overcontact (top to bottom)



  



  



  



  



  



  



  



  



The search for new hot subdwarf binaries

Research workshop on evolved stars



  

Hot subdwarfs(sdO/Bs)



  

Hot subdwarf = He-burning stripped star

He-flash!

He-burning

Thin hydrogen envelope remaining (~0.01 Mo)

Mass ~0.47 M☉

Radius ~0.1 - 0.3 R☉
Effective temperature ~ 20 – 100 kK

Extreme mass-loss is difficult for single star evolution to explain!



  



  



  



  



  



  

Different amplitudes in different bands



  



  

HW Vir systems

Constrain inclination and radius
Reflection + eclipsing

~ 200 known
+ radial velocities → companion mass

Average period ~5 hoursEclipse duration > 15-20 minutes



  



  



  



  



  



The photometry project
Over to you!



  



  



  



  

Max will show you how to obtain this catalogue



  

→ Faintest we can go with the Perek telescope is ~18.5 mag 
→ We want to observe a complete orbital period
→ At least 100 data points per orbit (don’t go too faint!)
→ Always prepare backup targets in case of poor weather!



  



  

Max will show you how to use TOPCAT after lunch!



  



  



  

ATLAS_auto.py and ZTF_interactive.ipynb

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Automatic! 
Save a csv .txt file of all you candidates 

In TOPCAT to create all ATLAS LCs 



  

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Automatic! 
Save a csv .txt file of all you candidates 

In TOPCAT to create all ATLAS LCs 

ATLAS_auto.py and ZTF_interactive.ipynb



  

ATLAS_auto.py and ZTF_interactive.py

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Automatic! 
Save a csv .txt file of all you candidates 

In TOPCAT to create all ATLAS LCs 



  

ATLAS_auto.py and ZTF_interactive.py

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Automatic! 
Save a csv .txt file of all you candidates 

In TOPCAT to create all ATLAS LCs 

An interactive script is also provided
ATLAS_interactive.ipynb



  

ATLAS_auto.py and ZTF_interactive.ipynb

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Interactive! 
Sources need to be downloaded 

and inspected one-by-one...

First create a directory called ‘ZTF’
mkdir ZTF

Where the data will be saved



  

ATLAS_auto.py and ZTF_interactive.ipynb

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Interactive! 
Sources need to be downloaded 

and inspected one-by-one...

First create a directory called ‘ZTF’
mkdir ZTF

Where the data will be saved

Pass...



  

ATLAS_auto.py and ZTF_interactive.ipynb

Step 5: We want to find the best targets from this final list

→ To do this you will inspect the light curves and do a period search 
(Lomb-Scargle periodogram). 
Two python scripts have been created for you to check ATLAS and ZTF

Interactive! 
Sources need to be downloaded 

and inspected one-by-one...

First create a directory called ‘ZTF’
mkdir ZTF

Where the data will be saved

Observe!
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