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DISTANCE CALCULATION



DISTANCE CALCULATION

▸ Light curve ➠ apparent magnitude & Period
m ≌ 15.5 

P ≌ 4.76 



DISTANCE CALCULATION

log P = log (4.76) = 0.68

-3.57

0.68

PERIOD 𝛼 LUMINOSITY



DISTANCE CALCULATION

▸ P ≌ 4.76 days 

▸ m ≌ 15.56 

▸ M ≌ -3,6

m − M = 5log
d
10

d ≌ 68 kpc



CEPHEID OVERVIEW



DELTA SCUTI

▸ @instability strip 

▸ A - F spectral type 

▸ Faint 

▸ Short period 

▸ Small mass 

▸ Pulsate radial & non-radial



DELTA SCUTI
SINGLE MODE PULSATORS

Data: OGLE



DELTA SCUTI
MULTI MODE PULSATORS

Data: OGLE



TIME

▸ Julian Date (JD): day number + fraction of the day 

   since January 1, 4713 BC 

   Example: 1 January 2000 = 2 451 545 JD 

▸ Heliocentric Julian Date (HJD): reference is Sun (8.3 min) 

▸ Barycentric Julian Date (BJD): reference is Solar system 

                     4 seconds 

                         since 1991



LONG PERIOD VARIABLES
▸ Mira:  

▸ Periodic red giant var. 

▸ 80 days < P < 1000 days 

▸  ∆m > 2.5 mag 

▸ Semi-Regular Variables: 

▸ Giant & Supergiants 

▸ Semi-regular / irregular 

▸ 30 days < P < 1000 days 

▸  ∆m < 2.5 mag



▸ First variable 

▸ 80d < P < 1000d 

▸ ∆m = 2.5 - 10 mag 

▸ Coolest & 

▸ Largest &  

▸ Most luminous Red giants

MIRA VARIABLES



MIRA

Image: HST

▸ P = 331 days 

▸ ∆m = 6 mag 

▸ Red giant 

▸ 1900K < Teff < 2600K 

▸ Visual binary 



MIRA

▸ 80 days < P <1000days 

▸ 2.5 mag < ∆m < 10 mag



SEMI-REGULAR VARIABLES



OVERVIEW
WHY DO STARS PULSATE

Radiation pressure > gravity

Radiation pressure = gravity

Radiation pressure < gravity



CLASSIFICATION



ERUPTIVE (CATACLYSMIC) VARIABLES

▸ Primary: White Dwarf 

▸ Secondary: MS Star 

▸ 75 min < P < 6 hrs



DWARF NOVAE

▸Close binary system 

▸White dwarf accretes matter from its companion 

▸ Instability in the accretion disk



NOVAE

See ref. for image credits

V1213 Cen



NOVAE

Data: AAVSO



NOVA
▸ NA: Fast; decline ~100 days 

▸ NB:  Slow; decline ~150 days 

▸ NC: Very slow; a decade or more

Data: AAVSO

What happened to V838 Mon?



RECURRENT NOVAE
▸ Repeating @ 10-80 years

Data: AAVSO



DQ HER - INTERMEDIATE POLARS

MAGNETIC CV

▸ Red star & fast rotation magnetic white dwarf 

▸ Magnetic Field around white dwarf: 1-10 MegaGauss



AM HER - POLARS

▸ Magnetic Field: 10-100 MegaGauss 

▸ Prevents accretion disk 

▸ Synchronous rotation

MAGNETIC CV



SYMBIOTIC VARIABLES

▸ Evolved red giant & hot component (MS / wd / ns ) 

▸ Nebulosity (common envelope) 

▸ Rare: a few hundred

MAGNETIC CV



SUPERNOVAE 



SUPERNOVA



SUPERNOVA

(Supernovae and Gamma-Ray Bursters, ed. K. Weiler, Lecture Notes in Physics, vol. 598,  pp. 21–36) 



SUPERNOVA



SUPERNOVA



HR DIAGRAM FOR VARIABLES



EVOLUTION OF STARS

MASS



EVOLUTIONARY TIME SCALES
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