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Cosmology : The Scale of the Universe
“Space is big. You just won't believe how vastly, hugely, mind-bogglingly big it is. I mean, you may think it's a long way down the road to the chemist's, but that's just peanuts to space.” 

Douglas Adams “ The Hitchhikers Guide To The Galaxy
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Earth 
Earth is our home planet– the third of the rocky planets orbiting our local star  Sol – The Sun. It orbits the sun at a distance of 150,000,000,000m (150 million km or 8 light minutes) with an orbital period of  approximately 32,000,000 seconds ( 1 year).  Earth’s age is 4,700,000,000 years. 

Earth has  a mass of 6 x 1024 kg with an iron core giving a strong magnetic field  and a mantle consisting mostly of light elements like silicon and aluminium in combination with oxygen. It has a natural satellite “The Moon” which is unusually large by comparison to the planet. Its surface is covered in an active rock crust and  liquid hydrogen oxide or water, an extremely unusual substance both chemically and physically. The surface temperature on Earth varies from around 200K to 320K These highly unlikely conditions may be responsible for the existence and survival of cellular  organic life in and on Earth’s crust. 

It is thought there have been hundreds of millions of species on Earth– including us  (Homo Sapiens ) bipedal , social primates capable of interplanetary journeys and interstellar communication. It is not known if life exists elsewhere in the universe.
The Solar System 
The sun is about 1.4 million kilometres across and  about 330,000 times more massive than the  earth. The sun is a star. 
Stars are huge balls of hydrogen and helium gas formed from the collapse of dust and gas nebulas left over from the catastrophic explosions at the deaths of earlier stars. As these nebulae collapse under the force of gravity the potential energy of the cloud is converted into kinetic energy and heat in the centre of the star. If the cloud contains enough stuff the temperature rises high to fully ionise the gas and then to allow nuclear fusion reactions as nuclei collide. This happens around  120,000,000K.
The remainder of the solar nebula cloud has formed a planetary system on a flat plane around the sun. A planet is an object which is large enough to have become spherical under its own gravity and has an almost circular orbit – other bodies are considered to be asteroids (rocky) or comets (icy)  
“Planet” literally means “wanderer” – these relatively close objects move significantly due to parallax compared to the distant fixed stars. 
The movement of the planets also led Copernicus to suggest that they, and Earth, revolved around the sun – an idea that was literally revolutionary at the time. Galileo, Kepler and Newton eventually made observations and presented theories which showed that the force of gravity explained the orbits of the planets and comets. 

In the solar system the rare metallic and heavy rocky substances, stable in the high temperature zones, formed planets  close to the star, while  gas ( especially hydrogen) with lower boiling temperatures only condensed far from the sun. Of particular interest is the  region where liquid water might be found-this is called the “Habitable Zone” or “Goldilocks” region where the temperature appears to be just right for life to evolve. The outer solar system contains huge numbers of icy comets in the Kuiper Belt and the Oort Cloud. 
In the 21st century the discovery of planetary systems (exoplanets) around other “nearby” stars has meant that ideas about the formation of planetary systems have changed. It is now clear that the early planetary systems are extremely hostile places. In our system huge collisions must have taken place to form the Earth’s moon, to upset the rotation of Uranus and to carry water from the comets to the rocky planets. 
The Voyager probe launched in 1977 has now collected evidence to show that it has passed beyond the sun’s influence into true interstellar space about 100 times more distant from the sun than Planet earth (100 astronomical units) 
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The Local Group 

The earth is around 150,000,000km from the sun , a  distance called one astronomical unit (a.u),with interstellar space beginning at 100 au. 
Despite its enormity the a.u  is hopelessly inadequate for interstellar space, a better unit being the light year, the distance light travels in one year 

                                      d=vt     
                                                      v=300,000,000m/s ,t=60x60x24x365s

                                    d = 1015m  or 1012 km
This is a truly incredible distance and our nearest stellar neighbours in alpha centauri are 4ly away !  If you wanted to fly there on a jumbo jet (not that you could) you’d have had to check in at the airport around 4 million years ago about the same time as your ape ancestors first stood on two legs .
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The Milky Way Galaxy

On a dark night away from the light pollution of cities a huge sweep of white stars spreads across the sky in a long wispy line, a bit like the logo for Cadbury’s Dairy Milk Chocolate. This is our view of our own galaxy “The Milky Way” (“Galaxia” is an ancient word for milk ). 
The Milky Way is staggeringly huge about 100,000 light years across and contains about a hundred billion stars but is an unremarkable galaxy in the same way as the sun is an unremarkable star.

We see it as a line because in fact it is a spinning disc which like the solar system has flattened out by its rotation like a pizza dough, although other older galaxies end up shaped like rugby balls after intergalactic collisions .

Galaxies commonly seem to have gigantic “black holes” at their centre but it isn’t known why this should be the case or if these are important in the formation of galaxies. Observations of stars close to the central black holes suggest that much of the universe may be made of “dark matter”, but it isn’t known what this dark matter might be.
Island Universes
Until the twentieth century the full extent of the universe wasn’t known, all objects were though to be part of  the same galactic structure.  Astronomer Edwin Hubble was researching  fuzzy looking stars using a giant optical telescope and realised what he was looking at were in fact other complete galaxies which he called “island universes”. Linked to a spectrometer he discovered that these other galaxies were in fact all moving away from us as the light was “red shifted” by the Doppler effect.
Hubble’s discovery eventually led to the understanding that the universe was expanding from an incredibly hot dense and orderly sate at the beginning of time which we now call the “Big Bang” (although this phrase was first used to dismiss the theory and is in fact rather a poor metaphor for what seems to have happened) . Although the evidence for it is strong it is not known how the big bang happened.  Measurements in the late 20th century have shown that the expansion of the universe is in fact, unexpectedly, accelerating and this, also, is not understood.
The Grand Scheme Of Things- “The Hubble Deep Field image”
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The Hubble space telescope took this picture of the darkest portion of the night sky. It is a photograph of an area far smaller than your fingernail seen from arms length.  Every dot of light is a galaxy containing 100 billion stars and 100,000 light years across. 
The most distant detectable objects in our universe are 13.6 billion light years away. It is not known, in fact it maybe cannot be known, if the universe extends beyond these objects. Some theories suggest our universe is one of a multiverse or just a bubble in a seething froth of other bubbles created in a constant turmoil of big bang explosions.
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As the Voyager spacecraft passed Saturn it was turned towards the sun to take a last picture of the inner solar system. 

Captured on one pixel as the image of a pale blue dot.
“Look again at that dot. That's here. That's home. That's us. On it everyone you love, everyone you know, everyone you ever heard of, every human being who ever was, lived out their lives. The aggregate of our joy and suffering, thousands of confident religions, ideologies, and economic doctrines, every hunter and forager, every hero and coward, every creator and destroyer of civilization, every king and peasant, every young couple in love, every mother and father, hopeful child, inventor and explorer, every teacher of morals, every corrupt politician, every "superstar," every "supreme leader," every saint and sinner in the history of our species lived there-on a mote of dust suspended in a sunbeam…
Our posturings, our imagined self-importance, the delusion that we have some privileged position in the Universe, are challenged by this point of pale light. Our planet is a lonely speck in the great enveloping cosmic dark. In our obscurity, in all this vastness, there is no hint that help will come from elsewhere to save us from ourselves.

The Earth is the only world known so far to harbour life. There is nowhere else, at least in the near future, to which our species could migrate. Visit, yes. Settle, not yet. Like it or not, for the moment the Earth is where we make our stand.

It has been said that astronomy is a humbling and character-building experience. There is perhaps no better demonstration of the folly of human conceits than this distant image of our tiny world. To me, it underscores our responsibility to deal more kindly with one another, and to preserve and cherish the pale blue dot, the only home we've ever known.”

Carl Sagan

In these notes I have placed deliberate emphasis on what is not yet known and what is yet to be discovered. This after all is often exactly what makes people want to study physics in the first place  - and seems an appropriate challenge for  bipedal apes taking a 4 million year break from the trees , having missed their flight to alpha centauri.  

As Captain Kirk might say “Space,  the final frontier” …but Lord Tennyson said it better .

 

 Tho' much is taken, much abides; and tho' 

   

We are not now that strength which in old days 

   

Moved earth and heaven, that which we are, we are 

  

 One equal temper of heroic hearts, 

   

Made weak by time and fate, but strong in will 

   

To strive, to seek, to find, and not to yield.
For interest

NASA Voyager home page

http://voyager.jpl.nasa.gov/
Universe: Journey to the edge of the cosmos

http://www.youtube.com/watch?v=EIxAPFYDsnQ
Voyager leaves the solar system

http://www.youtube.com/watch?v=NN3ppVemVhQ
Exoplanets: In Our Time (BBC radio)

http://www.bbc.co.uk/programmes/b03brwql
Extraterrestrials: In Our Time (BBC radio)

http://www.bbc.co.uk/programmes/p00548cq
Galaxies: In Our Time (BBC radio)

http://www.bbc.co.uk/programmes/p003c1cn
Radiation: : In Our Time (BBC radio)
http://www.bbc.co.uk/programmes/b00nqljy
The Age Of the Universe; In Our Time (BBC radio)

http://www.bbc.co.uk/programmes/b00yz3gy
The Life Cycle Of Stars: In Our Time (BBC radio)

http://www.bbc.co.uk/programmes/p00548w8
Galaxy Zoo – your chance to do real astronomical research

http://www.galaxyzoo.org/ 
Cosmology : The Astronomers Toolkit
Finding out about the universe requires the gathering of data and analysis to yield information. This means collecting energy from other parts of the universe.

The energy collected by astronomers is mostly in the form of electromagnetic radiation though this does not have to be just visible light but can be from across the spectrum, with the colour ( frequency) of the emitted radiation depending on the temperature of the source.

EM Spectrum
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EM sources in the universe 

Radio – Pulsars (rotating collapsed neutron stars)

Microwaves – Cosmic Background Radiation

Infrared – Dust nebula

Visible – Stars and galaxies 

UV – Hot stellar atmospheres

Xrays – Hot stellar atmospheres

Gamma Rays – Feeding “Black hole” - supernovae 

Detecting EM Radiation

High Frequency/ Low Wavelength                                               Low Frequency/ High Wavelength

Gamma       X ray     Ultraviolet              Visble light            Infrared                Microwave      Radio   

Detected by…

 Photographic film      c.c.d                  the eye              thermistor            radio receiver

The Astronomical Telescope

For thousands of years it was thought that the earth was the centre of the universe but in 1543 , the Polish priest and astronomer Niccolo Copernicus proposed that in fact the earth and the other planets rotated around the sun. This was a very controversial claim at the time, and the church tried to suppress his opinion. Eventually evidence was gathered to support his conclusion using the newly invented telescope, and the theories of Kepler and Newton finally confirmed  his hypothesis over 100 years later. Interestingly our own age has added further evidence of  ordinariness of the Earth ; within the last ten years it has become possible to detect planetary systems around other stars.
The Refracting Astronomical Telescope
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The ray diagram  shows how the telescope is  used to increase the apparent size of distant objects.

· The objective lens controls the amount of light entering the telescope, the larger it is the brighter the image.
· The larger the objective lens the larger the image can  be.
· The eyepiece controls the magnification, the more powerful it is ,the more
     magnified the image
· The length of the telescope is the sum of the focal lengths of the lenses, this helps reduce eyestrain in the user.
· The image in the astronomical telescope is upside down.

The ray diagram below shows how the eyepiece acts independently as a magnifier.
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The Red Shift

The “red shift” is an example of the Doppler effect, the same thing that makes the sound of a train or motorbike appear to change as it goes past you.


[image: image1]
As the source moves the waves produced are stretched away from the observer on the left and squashed towards the observer on the right changing their wavelength. Light from stars moving away from us will have slightly redder (or longer ) waves.

This was first noticed by Edwin Hubble (after whom the space telescope is named) and is one of the greatest discoveries in astronomy. 

It suggested

· That there were galaxies other than our own

· That all galaxies were moving away from us (as if there had been a giant explosion sometime in the past)

· That the radiation of this gigantic explosion at the beginning of the universe will be stretched , but still detectable as much longer microwaves.

In more modern times as detectors have become more precise it has become possible to use red shift to detect the tiny wobble of a star as it responds to a planets orbit and so planetary systems have been discovered around other stars too

It is possible to accurately measure the red shift because the light from individual atoms is made up of individual lines  like a barcode, these line spectrums from can be compared using a spectroscope.

Spectroscopy - Fingerprinting Atoms
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The light from a star forms a complete spectrum of all wavelengths or frequencies , But generally if the light is observed using a spectroscope (basically a prism!)  the spectrum is found to be  missing specific colours! This is because some of the light has been absorbed by the the atoms in the atmosphere of the star ( or by intervening gases in space.

Each individual element  filters out a very characteristic set of colours , due to their differing number of protons and electrons , rather like  an atomic fingerprint. A good way to think about it is like a barcode for each type of atom , this is certainly what they look like.

The spectrum of light collected from a star tell us the elements that are present in space by matching the it to the fingerprints of known elements. 

[image: image3]
Tiny variations in the wavelengths in the fingerprint , are due to the Doppler effect or red  shift  .This is because of the expansion of the universe after the explosion of the big bang. 
The Cosmic Microwave Background
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In the 1960s radio astronomers discovered an odd form of interference in their signals which seemed to come from every direction in space. Although this was a mystery to them exactly this form of radiation had been predicted by cosmologists as being the signal which would be left over by the hot dense start of the universe – the big bang.

This radiation is extremely faint and stretched by the exapansion of the universe so that it is now in the microwave part of the spectrum. 

Although the picture looks very varied these colours in fact represent variations of the very tiniest nature imaginable indeed their amazing uniformity across the universe is immensely hard to explain. 

This though was also consistent with the prediction of theoretical physicists ideas of the “inflation of the universe” only a fraction of a second after the big bang when the universe would have grown almost unbelievably fast. 

This week’s ( March 2014) discovery of the polarisation ( a vector property ) of the cosmic background seems to give very strong evidence that this inflationary period id actually take place and rules out the possibility of  cyclic universes or the “big bounce”. (This is exactly what we were talking about in Physics on Monday as a great mystery and the mystery has been solve on Tuesday ( A.O)
This new evidence is also consistent with the ripples in space or gravitational waves predicted by Einstein’s Theory and which have been a major research interest in Glasgow for 40 years.  It is hoped that gravitational wave astronomy might give us the potential to investigate the very early universe and to see parts of the cosmos which light cannot penetrate. 
Is There Anybody Out There?

Its not easy to explain why the question of whether there is life on other planets is so compelling, but it obviously is . 

There was a time when astronomers confidently stated that markings seen on the surface of Mars represented evidence of canals, cities and forests but this has now been shown to be no more than a fantasy or a “wish fulfilment dream” . It is by no means impossible that life might exist on Mars, or on the moons of Jupiter and  Saturn (and there is tantalising evidence which points towards the possibility)  but it seems almost impossible that any such life could be like us or even like the higher multicellular life on Earth.  In the last fifteen years planets have been discovered around other stars some of which may also host life.
But why is the Earth so suited for life? 
“The Goldilocks Hypothesis” and “The Habitable Zone”
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You will remember that in the nursery story Goldilocks strays into the bears’ house and finds some things too hard or hot or high, some too soft or cold or low but some things to be just right…The earth seems to be just right for life  (but we have to remember in making this statement that life must adapt to the conditions it is in in order to survive, that life on earth has been adapting to its home planet for at least 3.5 billion years and that Earth is very different now than it was then)

What it really seems be “just right for life” is that a rocky planet or moon should have orbital conditions which allow liquid water to be stable at its surface. This is what is generally meant by The Habitable Zone around a star and that damaging ionising radiation form its host star should be absorbed in some way – either by an atmosphere or deep ocean. This is why the search for water on Mars is so significant. 

Liquid water is an ideal medium for promoting the chemical reactions which life depends on as it is an excellent solvent, is stable over a much wider range of temperatures than other similar molecules and has the very useful property that its ice floats in the liquid forming a protective and insulating layer. It is also significant that DNA, proteins and enzymes critical to life on earth are stable at the temperatures common in liquid water on earths surface but break down chemically at higher temperatures. This temperature stability seems to be why DNA, rather than the related RNA, compound is used almost universally in passing on genes in Earth’s organisms.
(While it isn’t impossible to imagine life based other chemistries which might thrive in other conditions  it is worth remembering that carbon is by far the most abundant element with a sufficiently complex chemistry and that complex carbon compounds are present in deep space having been identified in interstellar clouds by spectroscopy and in cometary and meteorite fragments)
It is tempting to imagine, then, that if a planet is in the habitable zone of its star that life is going to happen and that therefore intelligent life will eventually arise on every suitable planet. This optimistic position is very likely to be a mistake. 
It is now clear that Mars was once very firmly in the Habitable Zone ( as Venus might also have been ) but that these planets are now far less than ideal in the case of Mars and utterly hopeless in the case of Venus. (The only space ships ever to have landed on Venus only survived for a maximum of two hours in the intense heat and acidity of the surface.)
and its worth remembering some of  the deeply unusual characteristics of Earth.

Why Earth is Unusual
· The solar system  is just the right age to have large amounts of heavier elements like carbon oxygen and nitrogen. The very distant universe is too young to have enough of these elements for life as they require generations of stars to have existed before to have made them.
· The sun is a relatively small cool star which burns for a long time allowing time for evolution giving us as the poet says “world enough and time”
· The solar system is far out from the galactic centre reducing the radiation and the possibility of interaction with other star systems.
· Earth / Moon was formed by an intense collision in  the early solar system making the earth very dense and its satellite disproportionately large. This has stabilised the earths rotation and given the earth enormous internal heat . The heat preserves the planets magnetic field and so the atmosphere – protecting it from the “solar wind”. (this seems to be what has eroded the smaller  planet Mars’ atmosphere)
· The internal heat drives continental drift leading to long term changes in geography thus driving evolutionary adaptation. The distribution of the continents effects the climate through the motion of ocean currents and the distibution of ice caps There is now research that suggest that the continental crust itself may be related to early life processes.
· The high continental land masses and amount of water mean that the earth isn’t entirely covered in water leading to erosive processes and sedimentary rocks

· The large moon gives tidal variation driving evolution. 

· Oxygen produced by photosynthesis is very effective in shielding the surface from UV rays

[image: image25.wmf]
Why indeed is the universe so suited for life?
The Anthropic Principle ( this is difficult and more philosophical than scientific)
“Anthropic” is a word from ancient Greek related to humanity. In the 1970s it was suggested that aspects of the universe were so finely tuned to the existence of life that it was consistent with the cosmos being designed for or necessitating intelligent life. These coincidences were in the deepest and most poorly understood parts of Physics. A more cautious scientific approach would be to observe that given that intelligent life exists in the universe ( us ) that conditions in the universe must be consistent with its evolution. The universe does not exist in the state it does so that we can exist but rather our existence is symptomatic of  the conditions prevailing in the universe – we could no more be observing a universe which disallowed our existence through the laws of Physics and Chemistry than we can fly in the air or walk through walls.
The anthropic principle is reminiscent of the “Argument by Design” which you might have encountered in Religious and Moral Education , or the religious /Creationist movement of “Intelligent Design”. 
The ( apparently) unusual tuning of conditions in the cosmos for life leads some to suggest that this is evidence for a multiverse in which an infinite number of universes each with different properties might exist making our existence in one of these universes inevitable. 
While the cosmos may indeed be an infinite multiverse this does not guarantee that every possible thing will exist somewhere.  It is worth emphasising that this is a misunderstanding of the nature of infinite sets as has been demonstrated by “Cantor’s Diagonal Argument”  although this theory is considerably beyond school level. (A similar sort of technical objection can be given to the somewhat similar “many worlds interpretation of quantum mechanics” which is often mentioned in this context : again this theory is mentioned for your interest and lies well beyond the scope of school physics.)
I trust you will forgive mention of these interesting arguments even though the answer to that time honoured question “Do we need to know this for the exam?” is a definite “No!” …sometimes stuff is just interesting to think about for its own sake
Space Exploration  - Why bother?

In the half century or so since the launch of Sputnik ( the first Soviet satellite ) in 1957 or the first human space flight by  cosmonaut Yuri Gagarin in 1961 space exploration has had a gigantic impact on our knowledge, economy and culture – so much in fact that things we take entirely for granted now depend completely on spaceflight.

Knowledge and the Economy

Communications –although global telecommunications are not new – in the nineteenth century intercontinental communication at the speed of light by telegraph became possible. In the 1960s and 1970s communications satellites allowed for the use of radio and TV signals to be transmitted globally and for a huge expansion in telephone traffic. A network or constellation of satellites also allowed for global radio and telephone connectedness an essential for the modern explorer and adventurer who wants to update her blog from the south pole or tweet from the summit of K2.

Although some satellites are in low earth orbit these apparently move in the sky because of their short orbital period – this is why the satellite dishes on the BBC on Clyde-side move around. The dishes on our homes are fixed because they are focused on geostationary satellites which orbit the earth every 24 hours and so stay above the same point on the equator – this is also who our satellites dishes point south. Geostationary satellites orbit at a much higher altitude (36000km up) giving them the longer period and making the dish reflectors and transmitters essential to concentrate the signal into a beam or onto the receiver.

Navigation –the recent tragic loss of the Malaysian airline and the news coverage of the search has shown how much modern navigation relies on satellite technology – whether it is the GPS (Global Positioning System) or the constant monitoring of the routine pings transmitted by our planes and ships to tracking satellites. Like so much technology these systems were first introduced for military uses, indeed the whole of  the space age has emerged out of ballistic missile technology in World war II and the Cold War, and extended to commercial navigation before trickling down to sat nav for cars and Google maps .

Environmental monitoring – satellite surveillance offers the ultimate overview or bird’s eye view allowing us to investigate the planet on a global scale – whether it is the development of a hurricane system, or measuring the melting of polar icecaps and glaciers. Satellites also allow us to view the earth at all wavelengths measuring the temperature of the sea and land or the composition of the atmosphere. This enhances our understanding of climate systems and climate change and gives us our weather forecasts. 
Military intelligence – “Spy” satellites can offer a view of troop movements or can monitor hotspots of communications or chemical or radioactive discharge or guide drone aeroplanes or cruise missiles. They probably do loads of things which we have no idea of.

In the 1980s the American Government proposed the “strategic defence initiative” suggesting that satellite mounted laser weapons should be used to provide a shield against hostile missiles, although this initiative was never fully realised some would argue that the investment into pure science was worthwhile and that it helped influence the end of the Cold War.

Pure Science
Space above the fuzzy atmosphere is, perhaps unsurprisingly, an ideal place for astronomy. The generation of instruments launched into orbit in the 1960s -1990s have offered spectacular insights into our own Earth Moon system, the solar system, our neighbouring planets and star and the deep universe beyond our galaxy and into the deep past with the cosmic microwave background.

Space missions have been successful in landing on several of our neighbouring planets and their systems and in intercepting comets and in returning valuable data to Earth. Challenges in space continue to inform research efforts on earth expanding the search for the extent of  life on Earth ( eg the drilling mission to the deep antarctic lakes like Lake Vostok is very similar to the technology required to investigate Jupiter’s icy ocean satellite Europa.)

The permanent space stations such as Skylab – Mir and the International Space Station are valuable as laboratories for low gravity research into material and biological systems, human physiology, particle physics and astronomy. 

Influence on Culture

It is hard to imagine now that at the time your grandparents were born the incredibly familiar picture of the earth from space had never been seen. The first images of the whole planet were made by the US Apollo missions.

The global audience for these amazing pictures and films  such as the “Earthrise” from the moon earlier in  these notes and the Apollo 8 astronauts reading from the creation story in the Bible, as the earth appeared from behind the moon had an enormous significance demonstrating that our planet was isolated fragile and home to us all regardless of  nationality and religion. It is perhaps not surprising that such profound insight illustrated so vividly should have had widespread influence.

It was at this time that the idea of the  “Global Village” was first suggested, that the Gaia hypothesis, of the earth acting as an organism was proposed, that the first inter-racial kiss was broadcast – appropriately enough on Star Trek.
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Afterword- “World Enough and Time”
For thousands of years humans have looked to the night sky and wondered.
When the mountaineer George Mallory was asked why he wanted to climb Mount Everest he is reputed to have answered “Because it is there”. Mallory gave his life for his dream, dying close to the summit it 1924.
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But if Mount Everest is there how much more extravagantly present is our solar system and the cosmos? At least 14,000,000,000 light years of space and time spreading, possibly infinitely, in all directions. 
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My experience as a teacher constantly confirms that there is something essential about human curiosity, courage and creativity. Space meets something of those needs and does so while also offering a perspective that perhaps, as we see the true place of our tiny blue dot in the scheme of things, encourages humility and compassion for our fellow creatures.


It is possible that the first man or woman who   will make their footprint on Mars has already been born.
It is possible that it is you.

                                         Thank you for listening A.O 
�


   Earthrise from Apollo 8, Xmas 1968





    Curtis . T. Crocodile  -   if found please return to
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   Paintings from Lascaux cave





Lives of great men all remind us�We can make our lives sublime,�And, departing, leave behind us�Footprints on the sands of time;


Footprints, that perhaps another,�Sailing o’er life’s solemn main,�A forlorn and shipwrecked brother,�Seeing, shall take heart again.
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