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Measuring orbital periods 

Goodricke, 1783, Philosophical Transactions of the  
Royal Society of London, Volume 73, pp. 474-482 



Goodricke, 1784, Philosophical Transactions of the  
Royal Society of London, Volume 74, pp. 287-292 

… eclipsing binaries … 
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Masses and radii of stars 



Stellar parameters from eclipsing binaries 

Andersen 1991, A&ARv 3, 91 



Spectroscopic binaries 

Doppler effect: 



Stellar parameters from eclipsing binaries: A primer 



Stellar parameters from eclipsing binaries: A primer 

Need primary & secondary eclipse 
or ellipsoidal modulation to measure i,  
usually using a 3D geometric model 



Masses & radii from eclipsing spectroscopic binaries 



Masses & radii from eclipsing spectroscopic binaries 

only M & R accurate to <3% need to apply 



The Hertzsprung-Russel diagram 
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White dwarfs: electron degenerate stars 

Chandrasekhar 1935,   
MNRAS 95, 207 

mass mass 



White dwarfs: electron degenerate stars 

Chandrasekhar 1935,   
MNRAS 95, 207 

mass mass 

White dwarfs  become smaller with increasing mass! 



SNIa at Cosmological distances 

SNIa are standard candles  

... probing the structure  
   of the entire Universe! 

distant SNIa are too bright:  
 

The expansion of the 
Universe is accelerating 



The “composition” of the Universe 

"for the discovery of the accelerating expansion of the Universe  
through observations of distant supernovae" 

2011 Nobel prize in Physics for  
Saul Perlmutter, Brian Schmidt & Adam Riess 



White dwarfs: electron degenerate stars, but... 

Corrections to the equation of state, 
core-composition, finite-temperature,  
He & H envelopes, magnetic fields...  
See e.g.:  
 
• Hamada & Salpeter 1961, ApJ 134, 971 
• Vennes et al. 1995, A&A, 296, 117 
• Panei et al. 2000, A&A 353, 970 
• Suh & Mathews 2000, ApJ 530, 949 
• Althaus et al. 2005, A&A 441, 689 

Chandrasekhar 1935,   
MNRAS 95, 207 



White dwarfs with accurate distances 
(e.g. Hipparcos, open clusters) 

see e.g.:  Schmidt 1996, A&A 311, 852; Provencal et al. 1998, ApJ, 494, 759;  
              Casewell et al. 2009, MNRAS 395, 1795 

Koester & Reimers 1996,  
A&A 313, 810 

}

NGC2516 

If radial velocity known:  



White dwarfs in astrometric binaries 

see e.g. Barstow et al. 2005, MNRAS 362, 1143; Holberg et al. 2012, AJ 143, 68 

Astrometric orbit, Kepler’s 3rd law  Mwd 

Spectroscopic surface gravity, GR redshift, “flux scaling factor”  Rwd  

Mwd = 0.94±0.05M๏ 

Rwd = 0.0084±0.0025R๏ 

Teff = 24790±100K 

Sirius B 



V471 Tau – the first eclipsing WD binary 

Nelson & Young 1970, PASP 82, 699  



... 30 years later ... 

Mwd = 0.84±0.05M๏ 

Rwd = 0.0109±0.0007R๏ 

Teff = 35125±1275K 

Werner & Rauch 1997, A&A 324, L25 
O’Brien et al. 2001, ApJ 563, 971 



NN Ser: an eclipsing WD+MS binary 

White dwarfs are small → eclipse very fast 

ULTRACAM, a triple beam camera, can observe at up to 500Hz 
(Tom Marsh, Warwick & Vik Dhillon, Sheffield) 



NN Ser: a hot DAO WD + very low mass dM  

Mwd = 0.535±0.012M๏ 

Rwd = 0.0211±0.0002R๏ 

Teff = 57000±3000K 

Parsons et al. 2010, MNRAS 402, 2591 

1-2% precision in M, R 



SDSSJ1210+3347: a cool DZ + dM 

Mwd = 0.415±0.010M๏ 

Rwd = 0.01570.0161R๏ 

Teff = 6000±200K 

Pyrzas et al. 2012, MNRAS 419, 817  

... a definite He-core WD ... 



GK Vir & SDSSJ12120123 

Parsons et al. 2012, MNRAS 420, 3281 

Mwd = 0.564±0.014M๏ 

Rwd = 0.01700.0004R๏ 

Teff = 55995±673K 

GK Vir: 

Mwd = 0.439±0.002M๏ 

Rwd = 0.01680.0003R๏ 

Teff = 17707±35K 

SDSSJ12120123: 

SDSSJ12120123 



A first look at the M-R plane: no surprises so far 

Parsons et al. 2012, MNRAS 420, 3281 

He 
CO 



SDSSJ01380016: an ultracool WD + dM 

Parsons et al. 2012, MNRAS in press (arXiv:1207.5393) 

M5V 



SDSSJ01380016: an ultracool WD + dM 

Parsons et al. 2012, MNRAS 426, 1950 

SDSSJ1210+3347, Teff = 6000K  



X-Shooter spectroscopy & ULTRACAM photometry 

ellipsoidal modulation  
constrains inclination 



The coolest white dwarf with model-independent M & R 

Mwd = 0.529±0.010M๏ 

Rwd = 0.0131±0.0003R๏ 

Teff = 3570±100K 

 cooling age: 9.5±0.3Gyr ...  

Parsons et al. 2012, MNRAS 426, 1950 
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1950’s: Merle Walker & Robert Kraft 

Walker, 1954, PASP 66, 230 

Cataclysmic variables are white dwarfs accreting from low-mass 
companion stars → links to SNIa & gravitational waves 

DQ Her 
 
Nova 1934 
 
Porb=4.39h 
 
71s variability 



DQ Her, still among the all-time favourites 

Wood et al. 2005, ApJ 634, 570 



… one of the most rapidly rotating white dwarfs … 

Wood et al. 2005, ApJ 634, 570 







SDSS1035+0551: massive WD, light-weight donor 

Twd~12000K 

Sp(2)>L2 

VLT spectroscopy: eclipsing, P=82min  

    (Southworth et al. 2006, MNRAS 373, 687) 

WHT/ULTRACAM photometry: M2=0.055±0.002 

     (Littlefair et al. 2006, Science 314, 1578) 

and many more: Littlefair et al. 2007, MNRAS 381; 2008, MNRAS 388, 1582  



What are the masses of white dwarfs in CVs? 

Feline et al. (2004),  
Littlefair et al. (2006, 2007, 2008) 
Savoury et al. (2011) 

CV white dwarf  
masses 

Liebert et al. (2005) 

Single 
white dwarf  

masses 



<Mwd> = 0.83 ± 0.23 M๏ 

<Mwd> = 0.67 ± 0.21 M๏ 

<Mwd> = 0.58 ± 0.20 M๏ 

CVs versus pre-CVs and PCEBs 

can the white dwarfs  
in CVs grow in mass !? 
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The 2012 transit of Venus observed by SDO 



Exo-planets discovered by their transits (eclipses) 



Kepler-11: 6 transiting planets 



Estimating the mean density of exo-planets 



Estimating the mean density of exo-planets 

• Transit timing: planet radius  volume 
• Spectroscopy & Kepler’s 3rd law: planet mass 

e.g. Earth 5500 kg/m-3  &  Saturn 687 kg/m-3    
                    (water 1000 kg/m-3)  



Transiting planets  M & R  bulk densities 

large degeneracy 

What is the bulk composition  
of exo-planets? 



Underlying assumption: we know Mhost … 



… which we don’t always know so well! 

only M & R accurate to <3% need to apply 



… 50% of WD/MS binaries are low mass stars… 



NN Ser: a hot DAO WD + very low mass dM  

Mwd = 0.111±0.004M๏ 

Rms = 0.149±0.002R๏ 

Parsons et al. 2010, MNRAS 402, 2591 

1-2% precision in M, R 



Constraints on M/R of low mass stars  

Ribas et al. MmSAI 79, 562 

The best constraints at the lowest masses 
are from eclipsing WD + MS binaries! 
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The discovery of eclipsing binaries 
has led to many fundamental  

results  in astronomy,  
and still stimulates 

forefront  
science 



The end 


