Spooky Space Sounds
Teachers notes to accompany PowerPoint presentation
Purpose of this Presentation

During discussions with primary school teachers in the North East, I was asked to put together a presentation to showcase sounds from space. The accompanying PowerPoint presentation is my attempt to produce such a resource.

The presentation aims to introduce general concepts and give a sense of how dynamic the universe is. These notes do not contain a lot of detail and essentially provide links to web sites for each slide where much more information is available. I would welcome comments, criticism on this format……………

Detailed Notes

In this section I aim to provide brief interpretative notes for each slide, including descriptions to accompany the images. In general each slide has a sound associated with it. In most cases you have to use the mouse to click on the image to play the sound, but one or two sounds play automatically. The sound only stops when you move to the next slide by hitting the return key. If a slide title is shown in RED there is NO SOUND associated with this slide.
As you all know, sounds will not travel through the vacuum of space so you couldn’t hear these noises if you were in a spaceship. With the exception of the ‘ringing’ star sounds on slides 15, 17, 18 and 19, and the sounds from Titan on slides 27 and 28, all of the sounds in this presentation are recordings of radio emission from the phenomena in question.
Slide 1 – Title Slide
Notice the ‘spooky’ Witch Head Nebula as the backdrop to the title slide:

http://antwrp.gsfc.nasa.gov/apod/ap061211.html
Slide 2 – Radio emission from Sputnik
Sputnik first artificial satellite in space launched by Soviets in 1957.
Had on board a radio transmitter which broadcast radio signals which were picked up by receivers on Earth. I put this first to emphasise that in most cases we are listening to radio emission.
http://history.nasa.gov/sputnik/
Slide 3 – The Earths atmosphere
Just setting the scene.

There are also natural radio transmitters broadcasting in our atmosphere.
This picture shows the Milky Way:

http://antwrp.gsfc.nasa.gov/apod/ap040223.html
Slide 4 – Spacecraft that can record the radio transmissions
Spacecraft like those in the Cluster mission can detect and record these transmissions:
http://www.esrin.esa.it/export/esaSC/120383_index_0_m.html
Slide 5 – Radio emission from lightening
Lightening strikes can produce ‘whistlers’ in the atmosphere:

http://www-pw.physics.uiowa.edu/space-audio/sounds/sounds.html
Slide 6 – Radio emission from shooting stars

Shooting stars can also produce radio transmissions – here is a recording of the radio emission and a picture and of the Leonids meteor shower which can be seen in the sky from the UK at certain times of the year:
http://antwrp.gsfc.nasa.gov/apod/ap031118.html
http://www.esa.int/esaSC/SEMLAJWO4HD_index_0.html#subhead8
Slide 7 – The Sun our star
Stars are simply formed from mostly hydrogen gas that collapses under it’s own weight gathering more and more hydrogen as it goes. As the gas collapses down, the energy it has gets concentrated into a smaller and smaller space and the gas gets hotter and hotter. As the temperature of the hydrogen goes up, the atoms of the gas move faster and faster bashing into each other with more and more force. Eventually the hydrogen atoms hit each other so hard that they stick together to form atoms of helium – this is called nuclear fusion. When the hydrogen atoms stick together to form helium we also get some energy back. It is this energy that powers the star and makes it shine. You can show that squeezing a gas makes it hotter by using a bicycle pump. Pump the air a few times and feel the temperature of the pump cylinder increase due to the rise in temperature of the squashed gas.

Lots of things happen at the surface of the Sun:
http://antwrp.gsfc.nasa.gov/apod/ap051109.html
Slide 8 – The surface of the Sun
Movie showing the Sun in action.
Plumes of hot gas shoot across the surface on even an average day on the Sun:
http://antwrp.gsfc.nasa.gov/apod/ap061204.html
Slide 9 – Radio emission from a solar flare
Sunspots are associated with Solar Flares. These release a cloud of charged particles, the Solar Wind, which can blow towards the Earth producing radio emission:
http://hesperia.gsfc.nasa.gov/sftheory/
Slide 10 – The solar wind
The image depicts the solar wind and the effect it can have on the Earth. A strong solar wind can hit the Earth’s atmosphere, causing it to light up like a fluorescent lamp:

http://www-istp.gsfc.nasa.gov/istp/outreach/cmeposter/hurricane.html
Slide 11 – Auroral radio emission
This is what causes the Northern (and Southern) lights – the Aurora Borealis (North) and Aurora Australis (South). These also produce radio emission that we can record:
http://antwrp.gsfc.nasa.gov/apod/ap041117.html
Slide 12 – Auroral radio emission
A second example of the radio emission from an auroral display:
http://www.ast.leeds.ac.uk/haverah/spaseman/aurora.shtml
Slide 13 – The Southern lights from space
Aurora Australis (Southern Lights) from space – see later picture of aurora on Saturn:
http://antwrp.gsfc.nasa.gov/apod/ap051105.html
Slide 14 – Back to the Sun
Back to our Sun:
http://antwrp.gsfc.nasa.gov/apod/ap040330.html
Slide 15 – Our ‘ringing’ Sun
The Sun also ‘rings’ like a bell

These sounds are NOT radio emission.

Details and ideas for activities are in the Solar_Music.pdf file on the CDROM.
Slide 16 – Big stars and small stars
Different sized stars ‘ring’ with different notes

Slide 17  – Sound from Centauri
Alpha Centauri with a radius 1.3 times that of the sun:
http://www.solstation.com/stars/alp-cent3.htm
Slide 18 Sound from HR 3881
HR 3831 with a radius about 1.9 bigger than that of the sun and part of a binary star:

http://imagine.gsfc.nasa.gov/docs/science/know_l1/binary_stars.html
Slide 19 Sound from Xi Hydrae

Xi Hydrae – in the Hydra constellation with a radius 10 times that of the sun

Slides 20, 21 and 22 – Radio emission from dead stars - pulsars
A star lives by ‘burning’ Hydrogen gas but eventually it runs out of gas and begins to lose heat and collapse. As the star collapses it squashes the gas in its centre until there is no more room in which to fit this gas. The squashed gas in the core of the star then acts like a wall, which the rest of the inrushing gas hits bounces off and moves out into space.

This explosion of the star is very violent and lots of energy is produced causing many things to happen in a supernova explosion:
http://legacy.gsfc.nasa.gov/docs/snr.html
A supernova is so violent that the atoms of hydrogen and helium are able to stick together to make atoms of heavier elements like carbon, oxygen, iron etc.; as the star explodes it throws out the heavy atoms that it has made. It is worth remembering that all the atoms of the heavier elements in our Universe were made in stars and supernovae explosions – we are all children of the stars.

What remains after a star has used up its fuel depends on the original mass of the star. Commonly a neutron star is produced; a neutron star has so much mass that the force of gravity this mass produces is strong enough to bend light.
Most neutron stars have radio hotspots on the surfaces and are spinning. If the Earth just happens to be in the right position the intense beam of radio waves produced by the neutron star will sweep across the Earth. Using a radio telescope (a big satellite dish) we detect this radio signal as a ‘blip’ every time it reaches the Earth.
At first nobody really understood what these very regular radio signals from different parts of the sky could be. As new sources were found they were given the identification numbers LGM1, LGM2, LGM3 etc. The LGM stood for ‘Little Green Men’; some people thought aliens from other worlds were broadcasting the radio signals!
http://starchild.gsfc.nasa.gov/docs/StarChild/universe_level1/stars.html
http://imagine.gsfc.nasa.gov/docs/science/know_l2/pulsars.html
Slides 20, 21 and 22 – Radio emission from pulsars.

These slides show details of and contains three audio files which let us hear what the radio signals from three different pulsars sound like:
http://www.jb.man.ac.uk/~pulsar/Education/Sounds/sounds.html
The slides show:

· PSR B0329 – this is a typical pulsar which rotates once every 0.71 seconds

· Crab – this is a very famous pulsar in the Crab Nebula which rotates roughly 30 times every second. The Crab Nebula is very famous as the supernova that formed it was bright enough to be seen in the sky and recorded by Chinese astronomers in 1054 AD. The explosion was seen on July 4th, 1054, and was visible during the day for three weeks

· PSR B1937 – this is the fastest known pulsar, rotating at roughly 642 times a second

Slide 23 – Radio emission from a Black Hole
Following a supernova explosion of a star that is a little more than twice as heavy as our Sun, the material left behind continues to get squashed down to produce a black hole. The force of gravity near a black hole is so great that even light cannot escape its pull.

To see why this happens, imagine throwing a tennis ball into the air. The harder you throw the tennis ball, the faster it is travelling when it leaves your hand and the higher the ball will go before turning back. If you throw it hard enough it will never return, the force of gravity will not be able to pull it back down. The velocity the ball must have to escape is known as the escape velocity and for the Earth is about 11 kilometres a second. 

As a body is crushed into a smaller and smaller volume, the force of gravity it can produce increases, and hence the escape velocity gets bigger. Things have to be thrown harder and harder to escape. Eventually a point is reached when even light, which travels at 300 thousand kilometres a second, is not travelling fast enough to escape. At this point, nothing can get out as nothing can travel faster than light. This is a black hole:

http://antwrp.gsfc.nasa.gov/apod/ap060701.html
A black hole can swallow the atmosphere of a captured star as it slowly orbits to its doom. When this happens we get another kind of radio emission:
http://antwrp.gsfc.nasa.gov/apod/ap991219.html
Slide 24 – Back to the Solar System
Finally back to Cassini Huygens mission to Saturn:
http://antwrp.gsfc.nasa.gov/apod/ap040703.html
Slide 25 – Saturn from Cassini
No sounds, just a great picture:
http://antwrp.gsfc.nasa.gov/apod/ap031210.html
Slide 26 – Crossing Saturn’s rings
Sounds recorded as Cassini crossed Saturn’s rings:

http://www.esa.int/SPECIALS/Cassini-Huygens/SEMQNAM26WD_0.html
Slide 27 – Landing on Titan

Sounds recorded when landing on Saturn’s largest moon Titan, by the descent radar on Huygens. Titan is another world a billion miles from Earth:
http://www.esa.int/SPECIALS/Cassini-Huygens/SEM85Q71Y3E_0.html
Slide 28 – Sounds from the surface of Titan

Winds on Titans surface:
http://saturn.jpl.nasa.gov/multimedia/videos/video-details.cfm?videoID=80
http://antwrp.gsfc.nasa.gov/apod/ap050117.html
Slide 29 – Radio emission from an aurora on Saturn

Finally the radio emission from an aurora on Saturn as recorded by Cassini:
http://saturn.jpl.nasa.gov/multimedia/images/image-details.cfm?imageID=1613
http://antwrp.gsfc.nasa.gov/apod/ap050222.html
Further Developments

These notes are very much a work in progress and should be considered as such. If there is anything I haven’t explained too well or that you don’t like, or you have any ideas as to how I could improve things, please don’t hesitate to let me know.

I value and need your feedback - physics.outreach@durham.ac.uk.
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