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Music from the Stars - 12 Jan 2007 

By Marie McCulloch    

Sounds produced by stars are helping astronomers find out more about their internal structure.
Courtesy of Don Kurtz
A graphical representation of resonating sound waves in the interior of a star similar to the Sun.
Thinking of stars as giant musical instruments is proving to be a useful technique for finding out what they look like on the inside. On December 27, 2006, the COROT spacecraft was launched on a mission that will use asteroseismology – the study of vibrations that are generated from deep within a star – to determine the age, mass and chemical composition of a variety of stars. Past research in this branch of astrophysics has proved that stars pulsate and even produce unique musical sounds – now it is the most precise way of determining a star’s inner structure.

Singing stars?
The idea of singing stars, or the Music of the Spheres, was proposed by Pythagoras more than 2,500 years ago. He claimed that the universe was based on harmony, and that the spinning of planets and stars created music that only the Gods could hear. Mythology turned into science when the field of asteroseismology took off in the 1970s. Astronomers found that stars do pulsate, and are not stabilised by their strong magnetic field as was previously thought.

In fact, this idea is just an extension of the study of seismology on Earth. By examining earthquakes and waves that move through the Earth, scientists have determined the internal structure of our planet. Professor Don Kurtz, a leading expert in asteroseismology from the University of Central Lancashire in the UK, says that after an earthquake, the Earth rings like a bell and the analysis of sound waves that resonate through the planet have allowed scientists to determine that it has a molten iron core, the depth of its mantle and that its internal temperature is 6,000 C.

The pulsations in stars, commonly called “starquakes”, are similar to earthquakes and send ripples across the star’s surface. These vibrations are actually low frequency sound waves out of the range of human hearing, but by boosting these frequencies into the audible range, Kurtz has created sounds that have even been used in nightclubs! When sound waves travel through a star, they cause it to get hotter and cooler, brighter and dimmer, bigger and smaller and to change shape. For experimental purposes, instruments usually detect the corresponding changes in brightness of a star.

Inside a star
But how does this all relate to a star’s internal structure? A star is fundamentally a large body of gas. The gas molecules within a star are continually banging into each other and the frequency with which the molecules collide determines the speed of the sound, or pressure waves, produced. A wave resulting from these collisions, which can cause a “starquake”, moves more quickly the more often the gas molecules collide. Therefore, by measuring the speed of sound – or associated changes in brightness - from various places on a star, astronomers can work backwards to obtain information about what was going on inside it.

Mathematical techniques are used to deconstruct the complex interactions between the various waves produced inside a star. This is not a straightforward procedure: a star is a three-dimensional object that can oscillate in three different directions and is affected by forces like gravity, the Coriolis force and pressure. A star vibrates with specific modes, similar to the behaviour of a musical instrument.

By looking at the different frequencies of vibration in a star, astronomers can get information about the density of the regions where the waves originated from and travelled through. The spectrum (or range of frequencies) obtained relates to the star’s chemical composition. As with ultrasound techniques, these sound waves can be interpreted as an image, with various colours corresponding to various components and their location within the internal structure.

The COROT mission
Astronomers have already been able to identify different classes of pulsating stars by studying their modes of vibration. The COROT (Convection, Rotation and Planetary Transits) mission, led by the French space agency (CNES) and six international partners, will attempt to extend our knowledge of the interior of stars by measuring variations in brightness caused by “starquakes”. Its satellite contains a 27 cm long telescope and a four-charged-couple-device (CCD) camera, which will be capturing images from January 3rd for a period of five months.

For years, similar research has been conducted on the Sun, revealing how it rotates, its helium abundance and other important information about its structure. The data obtained from the COROT mission will be compared to what we know about the Sun, and will continue to help astronomers develop more precise and complete theoretical models of stars and better understand how they form and evolve.

But the music produced by stars also makes for entertaining lectures: Kurtz has recently presented his “space tracks” at conferences. A star typically produces music covering a range of a couple of octaves and one star song has been likened to African drumming.
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Fed up with pop music? Then listen to some real stars... right here

By ELEANOR MAYNE 
Forget David Bowie's Life On Mars or Elton John's Rocket Man - the next music you hear could truly be out of this world.  A British scientist has recorded sounds from across the universe to make a collection of unearthly 'songs'. 

LISTEN TO THE SOUNDS OF THE STARS AT THE BOTTOM OF THIS ARTICLE 

Professor Don Kurtz gathered dozens of the 'space tracks' including those of the Sun and our third closest star, Alpha Centauri. 

The astrophysicist said: "The stars have sounds in them. In a sense they ring like giant bells or musical instruments. One of them sounds like African drumming and has been used in nightclubs in Belgium for youngsters keen on dance music." 

The professor, who works at the University of Central Lancashire, presented his recordings at a conference last week and said: "We had an extremely good response." 

Stars vibrate at very low frequencies which have been boosted so they can be heard by humans. Each star has a unique sound - while some resemble a beating heart, others are more like an orchestra tuning up. 

The vibrations are caused by reactions in the intensely hot core, creating waves of pressure that ripple through to the surface. 

Because space is empty, the sounds cannot be carried to Earth. But the vibrations constantly affect the stars' brightness, the changes in which can be measured and converted back into sound. 

The 'voice' of each star typically covers a couple of octaves in the range of musical notes it produces. The sound of the Sun, which pulses every five minutes, would have to be about 12 octaves higher for the deep rumbling to be audible to humans. 

The study of the stars' songs, called 'asteroseismology', also has a serious side, allowing scientists to discover new information about how stars are formed. 

Sounds can give vast amounts of information about an object, just as a baby can be pictured using ultrasound. 

Professor Kurtz added: "We can measure the speed of the sound through the star, which then tells us the temperature, the chemicals it is made of, the density, how it's rotating and its magnetic field." 

The idea of stars singing can be traced to the Greek mathematician Pythagoras in the 6th Century BC. He suggested the movements of the planets formed patterns corresponding to 'the music of the spheres'. 

Listen to the distant sounds of the universe... 

  HR3831 Discovered by Professor Hurtz. A new class of star with a very strong magnetic field. It pulses every 11.7 minutes. Listen here 

  Xi-hydrae (Xi is written as the greek letter) An old star located in the constellation Hydra (the Water Monster). It is 130 light years away and 60 times brighter than the Sun. This soundtrack, similar to African drumming, has featured in clubbing music in Belgium. Listen here 

  The Sun's nearest neighbour. It is 4.39 light years (26 trillion miles) from Earth in the constellation Centaurus. It is famous in the southern hemisphere as the outermost pointer of the "Southern Cross", used for navigation. Listen here 

  This is a "white dwarf" or dead star - as the Sun will be in about 7 billion years. It is 50 light years away, also in the constellation Centaurus. It is known as the "diamond star" because it has collapsed into an extremely dense crystal of carbon about the size of the Earth but the mass of the Sun. Listen here
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