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Introduction 

Modern cosmology, as well as ancient mythologies, cosmologies and cosmogonies, bear 

witness to the immense power that drives us humans in our continuous search for a 

deeper understanding of the Universe and our place in it. They also bear witness to the 

insufficiency of our search for understanding, of the need for something or someone out 

there, beyond oneself. From time immemorial we have always sought this further 

understanding in a person with whom we could converse, someone who shared our 

capacity to love and be loved and our desire to understand and to accomplish. 

Our attempts, therefore, to understand the Universe have as much to say about ourselves 

as they do about the Universe. In fact, in us the Universe can reflect upon itself and from 

our reflections there grows the conviction that we are part of that upon which we are 

reflecting. As soon as we set out with the powerful instruments for telescopic 

observations, together with those of mathematics and physics, to understand the Universe 

and our place in it, we are made aware that we are standing on the shoulders of giants and 

that the path which has led to what we know today has been, with respect to a human 

lifetime, a long and arduous one and that many have gone before us. But, in comparison 

to the age of the Universe, it has really been quite a short trek. Let us review some of the 

important things we have learned about the Universe during that trek. 

The Universe of Modern Science 

If we look in infrared light at the center of Orion we see boiling gas and dust. If we look 

even closer up, we see incandescent regions buried in that gas, and with the Hubble 

Space Telescope we see the fine separation of blue gas and red gas in the midst of a 

rather chaotic structure. The fact is that stars are being born in this gas. And where the 

hottest, most massive and, therefore, brightest stars are already born, they are irradiating 

the gas, and it is giving off hydrogen alpha radiation. In this way we can identify star 

birth regions. 

The region of star birth in Orion is just a small part of our Milky Way. Our Milky Way, 

like most other spiral galaxies, measures 100,000 light years across and it contains about 

a hundred billion stars. It has several beautiful spiral arms and the Sun is located in one of 

the outer arms, about 2/3 of the distance from the nucleus of our galaxy. 

We have reconstructed the plane of our galaxy the Milky Way with a mosaic taken by an 

infrared satellite. We see myriads of stars but we also see dark areas where there are no 

stars or very few stars. It is precisely this dark stuff out of which stars are born. These 

dark areas are really veils of gas and dust hanging down and hiding the stars that are 

imbedded in them. 

How is a star born? It happens by the laws of physics. A cloud of gas and dust, containing 

about 100 to 1,000 times the mass of our Sun, gets shocked by a supernova explosion or 
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something similar and this causes an interplay between the magnetic and gravity fields. 

The cloud begins to break up and chunks of the cloud begin to collapse. And as any gas 

collapses, it begins to heat up. In this case the mass is so great that the internal 

temperature reaches millions of degrees and thus turns on a thermonuclear furnace. A star 

is born. Thermonuclear energy is the source whereby a star radiates to the Universe. 

Stars also die. A star at the end of its life can no longer sustain a thermonuclear furnace 

and so it can no longer resist against gravity. It collapses for a final time, explodes and 

expels its outer atmosphere to the Universe. This may happen nice and peacefully or it 

may happen in a violent cataclysmic explosion, called a supernova. The most famous of 

these is the Crab Nebula, which has a pulsar at the middle as its dead star. 

So stars are born and stars die. And as they die they spew left over star matter out to the 

Universe. The birth and death of stars is very important. If it were not happening, you and 

I would not be here. In order to get the chemical elements to make the human body, we 

had to have three generations of stars. A succeeding generation of stars is born out of the 

material that is spewed out by a previous generation. But now notice that the second 

generation of stars is born out of material that was made in a thermonuclear furnace. The 

star lived by converting hydrogen to helium, helium to carbon, and if it were massive 

enough, carbon to oxygen, to nitrogen, all the way up to iron. As a star lives, it converts 

the lighter elements into the heavier elements. That is the way we get carbon and silicon 

and the other elements to make human hair and toenails and all of those things.  To get 

the chemistry to make amoebas we had to have the stars regurgitating material to the 

Universe. 

Humans Come on Stage 

Obviously this story of star birth and death is very important for us. Out of this whole 

process around one star, which we call the Sun, a group of planets came to be, among 

them the little grain of sand we call the Earth. An amazing thing happened with that little 

grain of sand. We know it happened and we deal with it every day, but we should still 

pause to think about the amazing occurrence in the 16
th

 and 17
th

 Centuries with the birth 

of modern science. We developed the capacity to put the Universe in our heads. We do 

that by using mathematics and the laws of physics, of chemistry and of biology. 

How is it that I can claim without hesitation, as I did above, that there are a hundred 

billion stars in our galaxy and that the galaxy is 100,000 light years across. I obviously 

could not go out there and measure those quantities directly. And yet I claim that those 

measurements are as accurate as the measure of my height and weight. I can have the 

same certainty because I have been able to use the laws of physics and mathematics and 

chemistry and biology to put a galaxy, the Universe, in my head and work with it. Of 

course some measurements in cosmology are more certain than others, but we really are 

certain about the mass of our galaxy. Because it rotates we can use the law of gravity to 

measure the mass of the galaxy in the same way as I measure the mass of the earth and 

the other planets going about the Sun. The law of gravity will give you the total mass of 

the galaxy. 



 

 

3 

The Questioning Human Brain 

Once we developed this capacity to put the Universe in our heads, we became 

passionately interested in asking all kinds of questions. I would like to ask a few. Did our 

planetary system come about by a miracle? Absolutely not. Although we do not know 

everything about how it came about, we know that it happened in conjunction with the 

formation of the Sun. Gas and dust were left over from the birth of the Sun, and this gas 

and dust had to form into a disk by the law of physics to conserve angular momentum.  

Once all of this mass is concentrated into a disk, there is a much greater chance that the 

particles of gas and dust will collide and, in some cases, stick together. And, just like the 

rolling snowball effect, planetesimals, about 100 kilometers in diameter, are built up 

through accretion and finally planets are accreted from the planetesimals. We do not 

know everything about this process, but we know enough about it to know that it did not 

happen by a miracle. It happened by ordinary physical and chemical processes. 

So, a further question arises: Did what we have just described happen elsewhere? First of 

all we look at those nearby stars that we suspect may be something like the Sun. We have 

detected thus far more than 100 planets about other stars due to the center of mass motion 

of the star. That is an indirect way but a very solid one of detecting planets. We detect a 

wobble in the star due to the fact that there is mass outside of it so that the center of mass 

of the system is not at the geometrical center of the star. Furthermore, with the Hubble 

Space Telescope we have discovered disks around very young stars. We know for certain 

that they are very young stars by their spectra. We call the disks proto planetary because 

we have indirect evidence that the first planets have begun to form in the inner regions of 

the disk. We are beginning to see about other stars the process that we think formed the 

planets about the Sun. 

Since we have the capacity to put the Universe in our heads, a further question comes to 

us. Where did galaxies come from? Galaxies are the building blocks of the Universe. 

Hubble Space Telescope has been able to photograph some of the most distant objects we 

have ever seen in the Universe. They are at a distance of about ten billion light years from 

us. So we are seeing these objects as they were ten billion years ago. 

We think that Hubble is seeing proto galaxies. We see, for instance, a case of two blobs 

that seem to be merging and perhaps building up a galaxy. However, this is very 

controversial. We are uncertain about galaxy formation, whether it is bottom up with 

small units that build into a galaxy, or top down with a big cloud that collapses to form a 

galaxy, and then the stars form within it. Nevertheless, when we compare distant galaxies 

to nearby galaxies, we see clear differences in the stellar populations. Galaxies as they are 

born and age go through an evolutionary process. Galaxies are participating in the 

expansion of the Universe. When we look at them on a large scale we see that they are 

not distributed homogeneously. There are large empty spaces and many dense 

alignments. 

Origins of Intelligent Life 

How did we humans come to be in this evolving Universe? It is quite clear that we do not 

know everything about this process. But it would be scientifically absurd to deny that the 

human brain is a result of a process of increasing chemical complexity in an evolving 
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Universe. After the Universe became rich in certain basic chemicals, those chemicals got 

together in successive steps to make ever more complex molecules. 

Finally in some extraordinary chemical process the human brain came to be, the most 

complicated machine that we know. I should make it clear that, when I speak about the 

human brain as a machine, I am not excluding the spiritual dimension of the human 

being. I am simply prescinding from it and talking about the human brain as a biological, 

chemical mechanism, evolving out of the Universe.  

Did this happen by chance or by necessity in this evolving Universe? The first thing to be 

said is that the problem is not formulated correctly. It is not just a question of chance or 

necessity because, first of all, it is both. Furthermore, there is a third element here that is 

very important. It is what I call “opportunity”. What this means is that the Universe is so 

prolific in offering the opportunity for the success of both chance and necessary 

processes that such a character of the Universe must be included in the discussion. The 

Universe is 15 billion years old, it contains about 100 billion galaxies each of which 

contains 100 billion stars of an immense variety. 

We might illustrate what opportunity means in the following way. Einstein said that God 

does not play at dice. He was referring specifically to quantum mechanics, but it can be 

applied in general to his view of the Universe. For him God made a Universe to work 

according to established laws. This is referred to as a Newtonian Universe. It is like a 

clock that just keeps ticking away once you supply it energy. Today we might be 

permitted to challenge this point of view. We could claim that God does play at dice 

because he is certain to win. The point being made is that God made a Universe that is so 

prolific with the possibilities for these processes to have success that we have to take the 

nature of the Universe into consideration when we talk about how we came to be. 

For 15 billion years the Universe has been playing at the lottery. What do I mean by the 

lottery? When we speak about chance we mean that it is very unlikely that a certain event 

would happen. The “very unlikely” can be calculated in mathematical terms. Such a 

calculation takes into account how big the Universe is, how many stars there are, how 

many stars would have developed planets, etc. In other words, it is not just guesswork. 

There is a foundation in fact for making each successive calculation. 

A good example of a chance event would be two very simple molecules wandering about 

in the Universe. They happen to meet one another and, when they do, they would love to 

make a more complex molecule because that is the nature of these molecules. But the 

temperature and pressure conditions are such that the chemical bonding to make a more 

complex molecule cannot happen. So they wander off, but they or identical molecules 

meet billions and billions of times, trillions if you wish, in this Universe, and finally they 

meet and the temperature and pressure conditions are correct. This could happen more 

easily around certain types of stars than other types of stars, so we can throw in all kinds 

of other factors. 

The point is that from a strictly mathematical analysis of this, called the mathematics of 

nonlinear dynamics, one can say that as this process goes on and more complex 

molecules develop, there is more and more direction to this process. As the complexity 

increases, the future complexity becomes more and more predetermined. In such wise did 

the human brain come to be and it is still evolving. 
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Summary 

It makes us dizzy to contemplate billions of years in the evolving Universe and then to 

think that we are on a little planet orbiting a quite normal star, one of the 200 billion stars 

in the Milky Way. And the Milky Way is just one galaxy and not anything special among 

the billions of galaxies that populate the visible Universe. 

Cosmology today is ever more human; it stimulates, provokes, questions us in ways that 

drive us beyond science in the search for satisfaction, while at the same time scientific 

data furnish the stimuli. In this context the best cosmology, to its great merit, does not 

pretend nor presume to have the ultimate answers. It simply suggests and urges us on, 

well aware that not all is within its ken. Freedom to seek understanding and not 

dogmatism in what is understood characterize the best of cosmology. It is, in fact, a field 

where certainties lie always in the future; thus it is vital, dynamic and very demanding of 

those who seek to discover the secrets of the Universe. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


