
The Music of the Stars

EC14012-1446 (WD1401-147, mV =15.67) is a high amplitude DA pulsator discovered by 
Stobie et al. (1995). EC14012 has been observed by ground based telescopes, including the 
Whole Earth Telescope (Nather 1990, Provencal et al 2012). In 2015,  EC14012 was 
observed during campaign 6 of the K2 mission.  We revisited this data set.  

Figure 1: A slice of a stellar interior, showing how 
pulsations (blue and red lines) samples  different 
regions of a star.  

Fig 2: A light curve of the pulsating white dwarf GD358.  
The x axis is time, and the y axis is brightness. 
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Our analysis identifies 54 independent, or parent, 
peaks distributed in ~ 17 modes.  We also identify 
135 combination frequencies. We focus on the 10.7
±0.002 μHz frequency found in the K2 periodogram.  
Multiple modes show this exact 10.7 μHz splitting 
(Fig.3).  We interpret this frequency as the surface 
rotation period of the white dwarf (1.082 days).  
EC14012 joins a short list of white dwarf pulsators 
showing a surface rotation period in its Fourier 
transform (Hermes, 2017).  Fig.3 shows the pulse 
shape calculated at this frequency.  In this case, we 
would expect observed rotational splittings of 5.35 
μHz for l=1 modes and 8.9 μHz for l=2 modes.  

Fig 3: The K2 light curve binned into 1400 points, folded at 1.082 days 
and repeated for clarity. 

This is not what is observed.  Eleven modes show the exact, to within 0.004 μHz,  10.7 μHz 
splitting (Fig. 4)  The 1633 μHz mode (first panel) shows a clear triplet structure.  The 1887 μHz 
mode (2nd panel) shows the 10.7 μHz splitting at 1898 μHz, but no peak at 1877 μHz.  A similar 
pattern is shown for the 2504 μHz mode (third panel) but here we see an additional peak at 2508 
μHz (Δ=3.1 μHz).  Almost this exact frequency pattern is shown for the 1548 μHz mode (4th 
panel).   Finally, the 1470 μHz mode shows a doublet  with a splitting of 10.7 μHz.

Fig. 3: 40 Eri B is a nearby white dwarf.  This image 
shows a comparison between the volume of the Earth 
and 40 Eri B.  Despite their similar volumes, 40 Eri B 
contains half of the mass of the sun!

Fig. 6:  The general structure of a white dwarf 
star.  We use the information in Fig. 5 to 
determine stellar mass, the interior structure 
and how deep each layer is, how massive the 
core is, the exact composition of the core, ad 
the rotation properties of the star.  

We use a technique called differential 
aperture photometry to measure stellar 
brightness (Fig 5).  We compare the variable 
star to other nearby stars that are hopefully 
steady in brightness. We 

FIg 4: Aperture photometry of the white dwarf GD358.  We 
count the photons from GD358  in the center of the green 
circles  and measure the sky contribution using the ring 
between the green circles. Comparison stars are in red.  
Measurements from many images gives the light curve in 
Fig 2. Colors are inverted and so stars appear black.  

Studying  the Structure of Stars 
Using Asteroseismology

Asteroseismology is the study of stellar 
structure by observing stellar pulsations.  
Every star, including our Sun, pulsates. Many 
stars pulsate with multiple frequencies. Each 
pulsation samples a different region of the 
stellar interior (Fig. 1). As the star pulsates, its 
overall brightness changes with time (Fig. 2). 
We observe these brightness changes on 
Earth.  Using this information, we can build a 
model of the stellar interior.  A good analogy is 
to think about a bell.  A bell rings with a tone 
that depends on its structure and composition.  
Stars do the same thing.  How stars pulsate 
depend on their interior structure.  Why is this 
important?  Well, all of the photons we observe 
from any star come from the star’s surface.  
We can’t learn anything about the inside of the 
star from those photons.  We can only “look” 
inside a star by studying its pulsations. 

At Mt. Cuba Observatory, we specialize in the 
study of pulsating white dwarf stars (Fig. 3).  
White dwarfs are stars that have exhausted 
their nuclear fuel and populate the stellar 
graveyard.  Our Sun will become a white dwarf 
in about 4 billion years.  We learn about 
processes in our Sun and other stars and  
about the Milky Way’s history by studying 
white dwarfs.  

We use a technique called differential aperture 
photometry to measure stellar brightness (Fig. 
4).  We compare the variable star to nearby 
stars that are hopefully steady in brightness 
and create a light curve such as in Fig. 2.  

Once we have the light curve, we want to know 
the periods the star pulsates at (Fig. 5).  We do 
this using a tool called a Fourier transform.  
This tool breaks down a function into its 
component sine waves.  The distribution of 
pulsation periods gives us information about 
the stellar interior.  We can learn about the 
star’s mass, internal layer structure, rotation 
properties, and magnetic fields (Fig. 6).  For 
more info, go to mountcuba.org.

Fig. 5:  The pulsation frequencies of the white dwarf 
GD358.  This distribution is not random, and gives us  
information about the interior structure of the star.  

https://www.mountcuba.org/
https://www.physics.udel.edu/gp/darc/2015new/index.html
https://www.mountcuba.org/

