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❖ Installing the first seismograph in 1875, the development of
seismology as a science underwent a turning point and experienced a
significant boom in its advancement.

Modern seismological studies



Foundation of asteroseismology

In 1926 in the opening paragraph of “The Internal Constitution
of the Stars”, Sir Arthur Eddington lamented,
“What appliance can pierce through the outer layers of a
star and test the conditions within?”

There is now an observational answer: ASTEROSEISMOLOGY



Neutron stars belonging to the magnetar group, in which pulsations
(oscillations) of varying duration have been recorded, are the main element of
the study of asteroseismology, and the oscillations that are recorded are
known as starquakes.
An additional requirement for separating stars subject to the study of
asteroseismology is that the star must have at least two (2) different modes of
oscillation.

The oscillations of stars are a result of large changes in the equilibrium states 
of the material within the star.

Asteroseismology and starquakes

Magnetar Pulsar Magnetar+Pulsar



These changes on the planet Earth are manifested through different wave 
phases—for local variations—or through different modes of oscillation—
for global changes in the body's shape.
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Starquakes – oscillation modes



There are two types of pulsation (oscillation) modes in neutron stars:

➢ р modes (pressure modes) – pressure is the primary restoring force for a star 
perturbed from equilibrium. (acoustic waves, with primarily vertical orientation)

➢ g modes (gravity modes) – buoyancy is the restoring force (primarily horizontal)
The duration of the different oscillation modes varies, ranging from a few seconds to 
several tens of minutes, depending on the overtone and mode type.
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Starquakes – internal structure

Occur on bodies with a layered internal structure
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Starquakes – recordings

Earthquake seismogram

X-ray intensity emitted by starquake
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Starquakes – energy released

Physically, the magnitude of an earthquake or starquake can be
determined by measuring the amount of energy released at the
moment of oscillation.

The strongest earthquake ever recorded on Earth was the May 22, 1960, 
earthquake, with its epicenter located in Valdivia, Chile, with an estimated 
magnitude of 9.5 degrees on the Richter scale (8×1017 Ј )



➢ The most data available today is for the starquake of December 27, 2004,
recorded on the star SGR 1806-20 at a distance of 50,000 light-years from
our Solar System.

➢ 3 minutes after the starquake, a burst of radiation was released carrying
~1.85×1039 J (32 Richter degrees)
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Future Perspectives in Asteroseismology

✓ In the last two decades, asteroseismology has experienced unprecedented 
achievements.

✓ Observational astronomy shows that for now, there is no danger to the 
Earth’s atmosphere from the strong radiation released by a starquake on 
nearby stars.

✓ Research in the field of asteroseismology and nearby stars is of particular 
importance, due to the discovery of the possibility of the occurrence of 
starquakes on "small" stars like the Sun.

With this, asteroseismology confirms its importance in modern scientific 
disciplines.



Thank you for your attention!
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