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Overview

• History of White Dwarf Variables
• Types
• G-Modes
• White Dwarf Formation Channels
• What can we learn from power spectra?
• Common Mixing Length Theories
• What can we learn from spectra?
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White Dwarfs

• Originally believed to be good standard candles
• In 1968, A.U. Landolt observed HL Tau 76

– 12 minute period
– Luminosity changed ~0.1 magnitudes

• Due to the size of WD populations, they are the most 
common type of variables

• >30 discovered
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Variable WD Characteristics
• DAV

– ‘ZZ Ceti’
– 28 discovered (as of 2004)
– Outer hydrogen envelope
– Lie on an ‘instability strip’
– 11,300K < T < 12,500K

• DBV
– 8 discovered (as of 2004)
– Outer He I envelope
– 22,000K < T < 28,000K

Winget 1988
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Variable WD Characteristics
• DAV

– ‘ZZ Ceti’
– 28 discovered (as of 2004)
– Outer hydrogen envelope
– Lie on an ‘instability strip’
– 11,300K < T < 12,500K

• DBV
– 8 discovered (as of 2004)
– Outer He I envelope
– 22,000K < T < 28,000K

• DOV / PNNV
– Peculiar because spectroscopically similar objects not variable
– 8x104 K < T < 1.7x105 K

Winget 1988
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Periods

Typical periods of WD variables are 102 – 103s
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Therefore these cannot be the result of p-modes.
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What else is there?
Gravity-modes
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G-Modes
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G-Modes
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G-Modes
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G-Modes

)1(
0

)1(
2 1

0

2

+

Π
=⎟

⎠
⎞⎜

⎝
⎛

+
≈Π

−

∫ ll

n
dr

ll
n

R

r
N

g
π

p

T g
adN λχ

χ
ρ

)(2 ∇−∇−=

eI

A
P
TkN

T
P

T
ρ

μρχ →≡ ∂
∂ )( ln

ln

⎩
⎨
⎧

→≡ ∂
∂

icrelativist
isticnonrelativ

T
P

3
4
3
5

ln
ln )( ρρχ

Brunt-Väisälä frequency



12

G-Modes
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Wave propagation theory suggests that in WDs
p-modes: deep interior
g-modes: envelope
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What causes these instabilities?

• As with the classical variables, 
these are probably related to 
the ionization of hydrogen, 
helium and carbon.

• Winget et al. 1982b 
discovered the first DBVs
which were previously 
predicted from theory.

• DAV and DBV star structure 
well understood

• DAVs typically only show a 
few g-modes. Winget 1988
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DOV/PNNV Instabilities

• Not as well understood as 
DAVs and DBVs.

• Spectroscopic information 
not clear enough to 
determine compositions

• PNNs can be particularly 
difficult to observe due to 
their surroundings

Winget 1988
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White Dwarf Formation “Channels”

• “Born DA”
– Result from hydrogen rich 

PNN
– H shell ~10-4M* minus what 

PNN wind stripped off

• He/C/O PNN that become 
DOVs
– As star contracts and cools, 

H is diffused to the 
atmosphere

– By 45,000K all stars have H 
shells

– H shell ~10-10M* - 10-4M*
– Recent evidence suggests 

this is not the major channel
Winget 1988
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10 Day Light Curve of PG 1159-035

Winget, D.E.., et al (1991)
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Power Spectrum of PG 1159-035

Winget, D.E.., et al (1991)
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Power Spectrum of PG 1159-035

Winget, D.E.., et al (1991)
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Power Spectrum of PG 1159-035

Winget, D.E.., et al (1991)
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035

What causes the splitting?

Winget, D.E.., et al (1991)



24

Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Power Spectrum of PG 1159-035
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Chemical Stratification of PG 1159-035

Winget, D.E.., et al (1991)
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Chemical Stratification of PG 1159-035

Winget, D.E.., et al (1991)
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Period Variability

• Are these periods constant?
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Period Variability

• Are these periods constant?
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Mixing Length Theory

H is the pressure scale height and l is the mixing length

• ML1
- a = 1 

• ML2
– a = 1
– Increased convective efficiency relative to ML1

• ML3
– Same as ML2 but a = 2

• ML2/a = 0.6
– Same as ML2 but a = 0.6

H
l≡α
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DAVs
• Using spectroscopy for a given filter x
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a is the amplitude of a g-mode in the Fourier spectrum
e is the dimensionless amplitude of the temperature perturbation
T0 is the unperturbed effective temperature
Yl

m is the Legendre function corresponding to an angle i

Wn
x is transmission function for filter x

H0,n is the unperturbed emergent Eddington flux
In is the emergent specific intensity
Pl(m) is the Legendre polynomial
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DAVs
• Using spectroscopy for a given filter x
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Behavior of Al
x and the Pulsation Amplitude

Fontaine, G., et al. (1996)
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Behavior of Al
x for Different MLTs

ML1 ML2 ML2/a=0.6

Fontaine, G., et al. (1996)
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Behavior of Al
x for Different MLTs

Fontaine, G., et al. (1996)
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The DAV Instability Strip

Kepler et al. (2000)

•Hotter group: Small 
number of short period modes.

•Cooler group: More 
modes, variable amplitudes, 
more non-linear effects 
(harmonics)
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Spectra of DAVs

Bergeron, P., et al (1995)
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Mass Dependence on MLTs

Bergeron, P., et al (1995)
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Color-Color Diagrams and MLTs

Bergeron, P., et al (1995)
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T and g Dependence on MLTs

Bergeron, P., et al (1995)
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T Dependence on MLTs

Bergeron, P., et al (1995)
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T Dependence on MLTs

Bergeron, P., et al (1995)
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Spectral Fits and the MLTs

Bergeron, P., et al (1995)
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Summary

• Three main categories of variable white dwarfs
• G-modes
• We can learn a lot from power spectra
• DAVs are harder to analyze with power spectra
• Can use spectroscopy
• All methods require a MLT assumption
• There are possible ways to reject/accept certain MLTs
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