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THE SKY CHANGES!

MIRA CETI

• David Fabricius discovered “omicron ceti” in 1596:

• It brightened from the 3

rd

 to the 2

nd

 magnitude, then 

disappeared.  Actually, it disappeared from view since it 

faded beyond the detection limit.

• It was re-observed in 1609 by Fabricius, and re-discovered in 

1631 by Johann Fokkens Holwarda who determined a 11 

month period.

• Johannes Hevelius observed it in 1639 and 1642, and named 

the star “Mira” – The Wonderful.

• Earlier ancient discovery records unclear. Hipparchus may 

have discovered Mira in 134 BC.



THE SKY CHANGES!

ALGOL

• Geminiano Montanari discovered “beta Persei” in 1667:

• Brightness varies from 2.1 to 3.4 magnitude in 2.87 days.

• Period of less than 3 days credited to John Goodricke in 1782-83.

• In 1881 Edward Pickering theorized (correctly) that it was an eclipsing 

binary star system.

• European, Arab, and Chinese cultures knew its variability and considered it 

evil:

• “Demon’s Head” – Arab

• “Mischief-maker” – Arab

• “Satan’s Head” – Hebrew

• “Lilith” – Adam’s legendary demonic first wife – Babylon/Hebrew

• “The  Spectre’s Head” - Europe

• “Piled-up Corpses” - Chinese



THE SKY CHANGES!

SUPERNOVA

• Chinese astronomers have been the first (maybe...) to 

record a supernova:

• Over 20 historical candidates identified over the past 

2000 years. 

• Confirmed dates include 185, 393, 1006 (brightest 

and also recorded in Egypt, Iraq, Italy, Japan and 

Switzerland), 1054 (Crab nebula remnant shown 

above).

• In 1572 Tycho Brahe observed SN 1572 and argued it 

was very far from Earth.

X-ray Image of Tycho SN

HST Image of SN 1054



A RICH ZOO!

• Pulsating Variables:

• Periodic expansion and contraction of their structure (Cepheids, 

RR Lyrae, RV Tauri, Long Period, Semi-regular, etc.).

• Eclipsing Variables

• Eruptive Variables:

• Supernovae, novae, dwarf novae, cataclysmic variables, etc. (we 

don’t discuss them here).





PROPERTIES OF VARIABLES

• Light curves are used to track the luminosity of a variable 

star with time.

• Measure period and amplitude

• Some stars are very regular, while others are irregular.



Light  Curves – Variation over Time
Maximum (Maxima)
Minimum (Minima) Period

Apparent Magnitude vs Julian Day 



INTRINSIC VARIABLES

• As giants, stars can become 

unstable.

• The temperature and 

luminosity fluctuate as the 

gas expands and contracts.

• These are pulsating variables.

unstable 
region
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PULSATING VARIABLES

RADIAL AND NON-RADIAL MOTION



EXAMPLES OF DIFFERENT TYPES OF 

PULSATING VARIABLES

Cepheids  Period 1-70 day
RV Tauri – Period  up to 100 days

1000 days

Henrietta Leavitt



MIRA, THE “FIRST” LPV, CONTINUES TO AMAZE

GALEX Ultraviolet 
Images detected a 13 
light-year long “tail” in 
2006.

In 1997 Hubble Space Telescope 
resolved the binary star in Mira, 
and detected matter either being 
swept from its surface  by its 
companion or having its 
atmosphere heated by the 
companion



A. Pulsating Variable Stars; 
     1) Long Period Variables (LPVs)

a) Miras
Omicron Ceti (Mira)

b) Semiregular Variables

80 – 1000 days, 2.5 – 5.0 mag

Betelgeuse 
  (Alpha Orionis)

30 – 1000 days, 1.0 – 2.0 mag



STANDARD CANDLES

The best measure of large distances are variable stars.

Pressure and radiation precisely oscillate

Luminosity directly related to the period

The apparent magnitude and period give the distance.

Pressure increases as 
helium heats up

Pressure decreases as 
helium ionizes and cools

Process repeats



RR-LYRAE

RR-Lyrae stars are low mass pulsating variables.
About 1 M◉

Period less than a day

Used for cluster distances



CEPHEIDS

• Large mass stars that pass through the 

unstable region are known as Cepheid 
variables.

• From 5 M◉ to 20 M◉• Period of 1 to 100 days

• Cepheids are important to measure 

distances to other galaxies.

• In star’s interior He

+

 looses e

-

 → He

2+

. 

As soon the star expands, it becomes 

brighter and cooler, and He

2+

 + e

-

 → 

He

+

.

• And the cycle repeats.



ECLIPSING BINARIES



EPSILON AURIGAE

•Eclipse begins Aug. 11, 2009
•Minimum light begins Dec. 19, 2009
•Mid-eclipse Aug. 4, 2010
•Minimum light ends Mar.19, 2011
•Eclipse ends May 13, 2011



ERUPTING VARIABLES 

Erupting variables are - stars that have occasional violent 
outbursts caused by thermonuclear processes either in their surface 
layers or deep within their interiors 

• Major Types

• Supernovae

• Recurrent Novae

• Cataclysmic Variables



CATACLYSMIC VARIABLES

Key Properties:

• Binary Star System
 
• Stellar Material Flows from red dwarf 
star onto accretion disk surrounding 
white dwarf companion

•Flow stops and starts

• Orbital period 78 minutes  up to around 
10 hours

• “Hot spot” where stream hits accretion 
disk is often hotter and brighter than 
either star



Notebook: Kepler  



Notebook: LINEAR  
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