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Abstract. The Whole Earth Telescope (WET) saw first light in 1988.
It was invented by scientists from the Astronomy Department, Univer-
sity of Texas at Austin. The idea was to generate a world-wide net-
work of cooperating astronomical observatories to obtain uninterrupted
time-series measurements of some variable stars. The technological goal
was to resolve the multi-periodic oscillations in these objects into their
individual components; the scientific goal was to construct accurate
theoretical models of the target objects, constrained by their observed
behavior, from which fundamental astrophysical parameters could be
derived. This approach has been extremely successful, and has placed
stellar seismology at the forefront of stellar astrophysics. The network
is run as a single astronomical instrument with many operators, and
the collaboration includes scientists from all continents on our planet,
taking part in the observations, data reduction, analysis and theoretical
interpretation. The expertise of Lithuanian astronomers in photometry,
and their access to the observing station Mt. Maidanak in Uzbekistan,
has been important for the success of the network.
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1. INTRODUCTION

In 1968 A. Landolt accidentally discovered the first pulsating
white dwarf star HL Tau 76 (Landolt 1968). The star was a hydrogen-
rich white dwarf of type DA. It had quasi-periodic variations with a
main period of 12.5 minutes and an amplitude of 0.3 magnitudes.
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Fig. 1. The Texas two-channel high-
speed photometer – principles of design.

Soon after, all sorts of
white dwarfs showed varia-
tions, and theoreticians de-
spaired. The controversy was
solved when the two-channel
photometer was constructed
in the University of Texas at
Austin in 1972.

This photometer had a
guide box that made it pos-
sible to direct the light from
another star in the field to a
channel with the same sen-
sitivity as the main channel.
If one assumed the compari-
son star to be constant and it
showed variations, these vari-
ations were due to changing
properties of the atmosphere, and would also be present in the light
curve from the primary star, which then was corrected fore these
variations. Figure 1 shows the principle of the two-channel pho-
tometer.

After observations with the two-channel photometer it became
clear that many of the variable white dwarfs reported in the litera-
ture, simply showed variations generated in the Earth’s atmosphere.
The two-channel photometers enabled Robinson & McGraw (1976)
to find real pulsators, in total 8, which all seemed to be hydrogen-rich
white dwarfs (DAs) and 35 non-pulsators of the same type.

2. THE PULSATING WHITE DWARFS

Soon it became clear that there exist four classes of white dwarf
pulsators: the DAV’s with hydrogen-rich atmospheres and Teff be-
tween 11 000 and 12 500 K, the DBVs which are helium rich and
have temperatures Teff between 22 000 and 27 000 K, and the DOVs
and the PNNVs which are much hotter. The discovery of the white
dwarf pulsators opened a possibility to investigate their interior and
previous evolution by the methods of asteroseismology.
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2.1. Properties of white dwarf pulsations

The pulsating white dwarfs are gravity-mode, or g-mode, pulsators.
The pulsations are characterized by the mode numbers k,�,m:

k: radial wave number – usually low (<7) for DAVs, 8–18 for DBVs
and >20 for DOVs;

�: angular wave number – only observed: 0,1,2,3;

m: azimuthal wave number = 2�+1.

The number of detected modes varies. Some stars like the simple
DAVs have few modes. One example is G 117-B15A which has been
followed for almost 30 years (Kepler et al. 2003). The measured period

change Ṗ = (3.2± 1.0)× 10−15 s/s is directly related to the cooling of
the white dwarf (Winget et al. 1983):

Ṗ

P
= −a · Ṫ

T
+ b · Ṙ�

R�
. (1)

On the other extreme we have the DOV star PG 1159–035 which
temporal spectrum from XCov9 was resolved in 125 frequencies, out
of which 101 were identified with specific quantified pulsation modes
(Winget et al. 1991).

2.2. What can we learn from white dwarf pulsations?

A model for g-mode pulsations driven by cyclical ionization of hy-
drogen in white dwarfs was developed by Winget (1981). In this model
it is argued that the period of driving by a partial ionization zone is
determined approximately by the thermal time-scale at its base:

Π ∼ τth =
CvTMp.i.

L
, (2)

where Π is the driving period, τth is the thermal time-scale, Cv is the
heat capacity, Mp.i. is the mass above the base of the partial ionization
zone, T is the temperature and L is the total stellar luminosity. If
the driving periods resonate with an available mechanical oscillation
mode of the star, this mode may grow to a large enough amplitude
to become observable. This formula immediately tells us that as the
star cools, the oscillation periods become longer, which is observed for
DAVs (Clemens 1993).

Table 1 shows which stellar parameters we can get from observa-
tions of white dwarfs (Bradley 1993):
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Table 1. Asteroseismological parameters.

Stellar parameter Observational quantity

Stellar mass (M�) Mean period spacing (〈ΔP 〉)
Core composition (C/O) Rate of period change (Ṗ )

(Also: mean period spacing)
Surface layer mass (Msurf) Period spacing (ΔP ) or

deviations from the mean period spacing (dP )
(trapping amplitude)

Transition zone thickness Trapping amplitude
Rotation rate (Ω(r)) Fine structure splitting within a multiplet
Magnetic field strength (B) Fine structure splitting within a multiplet
Nonlinear pulsation Frequency and amplitude of

mechanisms combination frequencies peaks
Driving region energetics Amplitude changes of oscillation mode peaks

3. WHOLE EARTH TELESCOPE – THE BEGINNING

When pulsations in DA white dwarfs were discovered, it became
clear that one group of such stars showed relatively simple behavior
– nearly monoperiodic, dominated with a single frequency ν0 with
a large amplitude and some harmonics of this frequency. Another
group showed power spectra that varied from night to night causing
many observers to conclude that they were unstable pulsators. This
instability was believed by theorists as arising from “mode switching”
due to non-linear effects. Some observers did extensive observations,
and showed that this behavior was a result of overinterpreting un-
dersampled data and resulted not from nonlinear effects but from
the beating of closely spaced frequencies from multiperiodic pulsators
(Winget 1988).

3.1. The problem – the sampling function

In addition to undersampling, we also have the problem of aliasing
because of peaks introduced in the Fourier Transform due to gaps in
the data. To demonstrate this we calculate the sampling function or
“window function”, which is a simple sine function sampled the same
way as the data is taken. Figure 2 left shows the window function for
a light curve taken without interruptions, which is a δ function, while
Figure 2 right shows the window function when we observe three con-
secutive nights with daybreaks in between. The extra side peaks will
be present for all real frequencies, and make the temporal spectrum
difficult to interpret.
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Fig. 2. The left panel shows the sampling function or “window func-
tion” (in amplitude units) for a continuous light curve of 54 h duration.
The right panel shows the window function for a light curve of the same
length but with two day breaks.

3.2. The solution – a world-wide network

The solution to the sampling and aliasing problem was to make
a global network. This could be done by searching for big funding
to build dedicated instruments at strategic places around the world
as it is done for the GONG project studying solar oscillations. But
E. Nather and D. Winget from Astronomy Department, University of
Texas, Austin, thought this would take too long time and cost too
much money and administrative work. Instead they proposed that
students from the Department could travel to various observatories
with Texas two-channel photometers and do coordinated observing
(Nather 1993). This was tested out between Texas (McDonald Ob-
servatory) and South African Astronomical Observatory in 1986 and
between Texas and Tenerife in 1987.

At the same time a Texas graduate student C. Clemens constructed
an interface to be used to connect a Personal Computer (PC) to the
two-channel Texas photometer, and E. Nather made his data collection
program Quilt run under DOS control. Another student B.P. Hine
made the first Data Reduction Program (DRED) to correct the light
curves for bad pointing, atmospheric variation and extinction.

One of the basic ideas was that the observer should watch the data
collected in real time on a computer screen, and that the raw data
should be transferred to a headquarters for further reductions and
analysis as soon as the observing night was over. In the first tests in
1986-87 the data transfer was by slow telephone lines, but already the
next year e-mail became possible between certain observatories, and
this really made communication easy. The inaugural WET campaign
(Extended Coverage 1 or XCov1) took place in March 1988. Only 6
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Table 2. Objects observed during the WET campaigns.

No. Type Designation

3 IBWD CR Boo, V803 Cen, AM CVn
10 DAV G 29-38 (2)1, G 117-B15A, GD 165, GD 154, G 226-29

G 185-32, L 19-2, BPM 37093 (2), HL Tau 76, R 548
1 ICBS V 471 Tau

4 DOV PG 1159-035(4), PG 1707+427, PG 2131+066
PG 0122+200 (2)

7 DBV GD 358 (3), PG 1115+158, PG 1351+489, EC 20058
KUV 0513+260, PG 1654+160, PG 1456+103

1 PNNV RXJ 2117+3412 (2)

2 roAp HD 166473, HR 1217
3 CV 1H 0857, RE 0751+14, DQ Her
3 δ Sct WET - 0856, FG Vir, CD 247599
5 sdB PG 1336 (2), Feige 48 (2), PG 1605+072

KPD 1193+2762, HS 2202+2610
1 Number of campaigns – if more than one.

sites participated (Provencal et al. 1997). From then on one or two
campaigns have been conducted every year, the last one was XCov23
in August/September 2003, where 18 sites participated. Instead of
students travelling from Texas, observers now come from all over the
world.

3.3. The next 10 years: WET 1994–2003

In the next decade WET grew slowly in number of participating
sites and scientists. The two-channel photometer evolved into a three-
channel photometer, where the third channel was used to continuously
monitor the background sky. This improved the results significantly
(Kleinman et al. 1995). A new series of three-channel photometers
were made in Vilnius (Kalytis 1999), while at other institutions CCD
photometers were tested and slowly entered the network (O’Donoghue
1995). Due to the termination of the Soviet Union, Mt. Maidanak was
lost as an observing site, and two observatories in Kazakhstan were
tried, but conditions were found not acceptable for the WET work
(Meǐstas, these proceedings).

4. THE WET TARGETS IN 1988–2003

The first campaign was devoted to Interacting Binary White
Dwarf Stars (IBWD). The next campaigns concentrated on pulsat-
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ing white dwarfs, and also roAp stars, δ Sct stars and cataclysmic
variables were investigated. It became clear that WET did best for
modulations with periods between 100 and 1500 s. In 1997 a new
type of multiperiodic pulsating stars with periods between 100 and
600 s, the sdB pulsators, were discovered, and many campaigns have
been conducted on those objects. Today 32 stars are known in this
new pulsator class (Solheim 2003). Table 2 gives a list of stars ob-
served in the WET campaigns so far.

Table 3. Home institutions
of the WET Principal Inves-
tigators.

Location No. of P.I.s

U.S.A. 13
Europe 11
S.Africa 4
Others 6

Total 34

In total 39 objects have been ob-
served of 9 different types. What
they have in common is they
are all multiperiodic and the ex-
tended coverage is needed to solve
their temporal spectra. A com-
plete table of the campaigns and
the status of publications is pro-
vided at the WET Internet address:
wet.iitap.iastate.edu. In this ta-
ble we find that for each object one
or more Principal Investigators (P.I.) are listed. Their geographical
locations are shown in Table 3. We find that the WET is a truly
global undertaking.

5. CONCLUSIONS

The WET is a collaboration of astronomers, observing the same
objects in a coordinated campaign under near real time control from
the headquarters. It makes use of existing telescopes and equipment,
two- or three-channel photometers or CCD photometers, equipped
for on line data reduction. The collaboration has participants on
all continents. The targets are multiperiodic variable stars whose
temporal spectra cannot be resolved from one location only. The
collaboration was inaugurated in 1988, and will continue as long as
the participants find the science challenging.
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