




















































































































































































The more complicated answer is a little different. The Schwarzschild approximation for a black
hole is simply that -- an approximation. In general, the most correct description of gravity
everywhere is Albert Einstein's General Theory of Relativity. This a very mathematically
complicated theory in practice, so we only use it when we have to. Even then we make many
simple assumptions, just so that we can solve the equations.

When does general relativity become extremely important? Answer, when the sizes of
whatever we are studying become approximately the Schwarzschild radius. So, general
relativity becomes important in compact objects and it becomes important when we start trying
to understand the Universe as a whole. In the middle, like most things we deal with, we do not
have to worry about it because there are simpler theories that will give us the same answers.

I hope this helps. Thanks again for your insightful question.

Jonathan Keohane
-- for Imagine the Universe!
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(Submitted March 08, 1998)

My question: On PBS, an astrophysicist commented that other universes might have different
physics and natural laws. Is this possible and what are some differences that there might be?
I think that the formulas used to determine properties might just be different depending on the
amount of matter in the universe, but what do the REAL astrophysicists think?

There are a handful of constants that shape physics. The three main fundamental constants
that we measure but at this point cannot be determined are:

Speed of expansion of the Universe http://imagine.gsfc.nasa.gov/docs/ask_astro/answers/990210c.html
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c - this is the speed of light, it is important in electricity, magnetism and the conversion of
matter to energy.

h - this is Planck's constant, it is important in atomic and nuclear physics

G - this is the universe gravitational constant, it holds planets in their orbits and determines
the large scale structure of the universe.

We have no theory of why the values of c, h, and G are what they are. This begs the question
of why they have the values they do, and what the universe might have looked like were they
(and other constants like the mass of an electron) different. It turns out you can't change
these values much without making life-as-we-know-it impossible. Such consideration has led
to several variations of "Anthropic Principle."

These constants reflect fundamental characteristics of space and the quantum mechanical
vacuum. In the General Theory of Relativity, for example, G represents the response of space
to mass, and therefore is intimately connected with the fabric of space. While G reflects the
global, large-scale character of space, Planck's constant, h, reflects the nature of space on
atomic scales as it is expressed in the parameters characterizing subatomic particles and
photons (energy levels, angular momentum, linear momentum) and the waves associated
with matter. The speed of light in a vacuum, c, is the limiting velocity of matter through space
and the characteristic velocity of energy through space, and thus reflects, on the one hand,
the resistance of space to acceleration (the drag of the vacuum), and, on the other hand, the
density of the vacuum, in the same sense that the speed of sound reflects the density of the
medium through which acoustical waves travel.

In short, the only way these constants could really be different would be if the characteristics
of space were different. I've addressed space and not time here, but it is likely that, based on
the same theories mentioned above, the fundamental nature of the time component of
spacetime would have to be different if these constants were different. Since spacetime and
matter-energy come to us together courtesy of the Big Bang and are in some fundamental
sense inseparable, we can assume that G, h, and c could not be changed without
re-engineering the birth of the universe which, if you buy the theories that point to near-critical
density of matter-energy in the universe, all indicate that space, time, matter, and energy as
we know them are inseparable from the three fundamental constants that characterize them.
Although we cannot, at this point, alter these constants, one might wonder about how our
universe would be different if these values were changed.

Jeff Silvis and Mark Kowitt
For Ask an Astrophysicist
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Astronomy 162:
Introduction to Stars, Galaxies, & the Universe
Prof. Richard Pogge, MTWThF 9:30

Readings: Ch 26, section 26-5 & Ch 28, section 28-2

Hubble's Law
Galaxies are receding from us.
Recession velocity gets larger with distance.

The Hubble Parameter (H0)
Measures the present-day rate of expansion of the Universe.

Cosmological Redshifts
Due to the expansion of space
Redshift distances
Redshift maps of the Universe

1917: work by Vesto Slipher at Lowell Observatory

Measured radial velocities from spectra of 25 galaxies.

Found:

21 of the 25 show a redshift
speeds of some >2000 km/sec

Most galaxies are rapidly receding from us.

1929: Edwin Hubble measured distances to 25 galaxies:

Used cepheids for Andromeda and Local Group
Used brightest stars in the others
Compared distances with recession velocities.

Discovered:

Lecture 34: The Expanding Universe http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit5/expand.html
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Recession velocity gets larger with distance.

Systematic expansion of the Universe.

Edwin Hubble's 1929 expansion data

Refined version by Hubble & Humason in 1931
[Based on the data in the original Astrophysical Journal papers.]

v = recession velocity in km/sec
d = distance in Mpc
H0 = expansion rate today (Hubble Parameter)

In words:

The more distant a galaxy, the faster its recession velocity.

Lecture 34: The Expanding Universe http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit5/expand.html
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Hubble's Law demonstrates that the Universe is expanding in a systematic way:

The further away a galaxy is from us, the faster it appears to be moving away from us.
Hubble Parameter: Rate of expansion of the Universe
H0 is the value of the Hubble Parameter today.

Comments:

Hubble's Law is empirical - based only on data in its original form.
Not an exact law.

General Expansion of Spacetime:

All observers in different galaxies see the same expansion around them.
No center - all observers appear to be at the center.

What is the recession velocity?

NOT motion through space...
Expansion of spacetime: galaxies carried along.

As the Universe get 2x larger, the distances between galaxies get 2x larger.

Note:

While the distances between galaxies increase over time, the sizes of the galaxies remain the same.
This is because galaxies are bound together by gravitation locally, and so do not share in the global
expansion of spacetime around them.

0

Measures the rate of expansion of the Universe today.

H0 = 70 +/- 7 km/sec/Mpc

Lecture 34: The Expanding Universe http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit5/expand.html
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Best measurement to date is from the Hubble Key Project to measure Cepheids in nearby galaxies.

H0 is very hard to measure

Recession speeds are easy to measure from the shifts of spectral lines.
But, distances are very hard to measure.
Galaxies also have extra (non-cosmological) motions that must be taken into account.

All galaxies (with very few exceptions) are receding from us.

The recession is quantified in terms of the "cosmological redshift" of the galaxy, z:

The above is not a Doppler Shift! It measures the expansion of spacetime, not motions through space.

As the universe expands, light waves get stretched out:

Stretching makes the wavelength longer, hence redder
Result is a "Cosmological Redshift"

Animated GIF of Cosmological Redshift, courtesy of Wayne Hu, at the University of Chicago.

For relatively nearby galaxies, the redshift is directly proportional to the distance, through the Hubble Law:

where

z = cosmological redshift
c = speed of light

This formula is only valid for relatively nearby galaxies.

Lecture 34: The Expanding Universe http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit5/expand.html
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Limitations:

Value of H0 is only known to ~10%

Random motions of galaxies affects measurements of z for nearby galaxies (random motions are
comparable to recession velocity)

At large distances, the conversion between cosmological redshift and distance is much more
complicated, depending on the geometry of spacetime and the expansion history of the Universe.

Nonetheless, because cosmological redshift is a direct observable related to distance, it used as a surrogate for
distance, especially for distant galaxies.

We can map the large-scale distribution of galaxies using their cosmological redshifts.

The largest map to date is from the 2dF Galaxy Redshift Survey, which includes about 220,000 galaxies:

Reveals sheets and filaments of galaxies surrounding great voids.
Depth is about 500-600 Mpc
Relative distances are good, but the absolute scale is good to only about 10%

Dedicated 2.5-meter telescope in New Mexico

Making images of 1/4 of the sky in 5 colors:

Accurate positions and photometry for a few 100 Million stars, galaxies, & quasars.

Redshift Survey:

1 Million galaxy redshifts
100,000 quasar redshifts

One of the results will be a 3D map of a large segment of the local universe. A preliminary version of this
map.

Return to [ Unit 5 Index | Astronomy 162 Main Page ]

Updated: 2006 February 18
Copyright © Richard W. Pogge, All Rights Reserved.
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Evidence mounts that the expansion of the Universe
is accelerating
Nov 6, 1998

The Universe is expanding at an ever increasing rate according to recent observations of
supernovae. Astronomers believe that a certain class of supernova explosions - so-called
type 1a supernovae - all have the same intrinsic luminosity, which means that their
observed luminosity can be used to estimate their distance from Earth. By observing the
redshift and the brightness of 58 supernova, two team of astronomers - one led by Saul
Perlmutter from the Lawrence Berkeley National Laboratory, the other by Alex Filippenko
of the University of California at Berkeley - have found that the remnants of nearly all type
1a supernovae are at least 15 % further away than the standard model of the Universe
predicts. This implies that the Universe is 'open' and will expand forever. It also suggests
that a bizarre quantum force is affecting the expansion rate.

Astronomers have been puzzling over the expansion rate of the Universe and its mass for

decades. If the mass of the Universe is large enough, the expansion will eventually decrease

and the Universe will then collapse in on itself. However, if the density of matter in the Universe

is less than a certain critical density, it will continue to expand for ever. The ratio of the actual

density to this critical density is called Omega.

Many astrophysicists believe that the Universe underwent a period of incredibly rapid

expansion shortly after the big bang. One consequence of this "inflationary" model is that the

Universe is "flat" with a value of Omega equal to one. However, when all the visible mass in the

Universe is added up, it is much less than that needed to give a flat Universe. This is one of the

main motivations of the search for invisible or "dark" matter in the Universe.

Supernovae allow astronomers to measure the expansion rate of the Universe and hence

determine how much mass there is in the Universe. A distant supernovae observed by

Perlmutter and colleagues last year gave a result that contradicted the inflationary model. It

suggested that the expansion rate was actually increasing rather than decreasing (Nature 391

51). Further research by other groups confirmed their results.

Some astronomers believe that dust clouds could have altered the luminosity of the

supernovae and affected Perlmutter's calculations. Dust absorbs blue light more readily than

light from any other part of spectrum, making objects appear redder than they actually are.

However, Perlmutter and Filippenko have now excluded those supernovae that they believe are

affected by dust, and they still conclude that the expansion rate is still increasing. Other

astronomers are slowly coming round to agree with them. "I'm reaching the point that I'm

beginning to believe the two teams, " says Jeremiah Ostriker of Princeton University.

Some cosmologists believe that the acceleration is caused by quantum effects, which result in

a non-zero cosmological constant, Lambda. If the sum of Lambda and Omega equals 1, then

the Universe will remain "flat", as predicted by inflation theory.

Some groups have tried to measure Lambda by studying gravitational lensing. If Lambda is

non-zero, then astronomers should see more lensing events than if Lambda were zero.

According to Matthias Bartelmann of the Max Planck Institute for Astrophysics in Garching,

Germany, computer simulations can predict the number of lensing events you should see for

different values of Lambda. His results approximately match observations of the gravitational

lensing of radio galaxies carried out by Chris Kochanek and colleagues from the Harvard-

Smithsonian Center for Astrophysics in the US (Astrophys J. 495 157). Their results place an

upper limit of 0.7 on Lambda and a lower limit of 0.3 on Omega. Both these figures match the

supernova data.

Astronomers hope that the European Space Agency's PLANCK mission and NASA's

Microwave Anisotropy Probe (MAP) will make more accurate measurements of both Lambda

and Omega within the next decade.

Evidence mounts that the expansion of the Universe is accelerating - phys... http://physicsworld.com/cws/article/news/3137
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Albert Einstein's General Theory of Relativity, which established the relationship between matter, space, time
and gravity, governs modern cosmology's view of the universe. But when Einstein began to apply his theory
to the structure of the universe, he was dismayed to find that it predicted either an expanding or contracting
universe--something entirely incompatible with the prevailing notion of a static universe. In what he would
later call "the greatest blunder of my life," Einstein added a term called the cosmological constant to his
equations that would make his calculations consistent with a static universe.

Einstein admitted his mistake in 1929 when Edwin Hubble showed that distant galaxies were, indeed,
receding from the earth, and the further away they were,the faster they were moving. That discovery changed
cosmology.

Enter Hubble's Law.

The familiar sound of a train whistle as it recedes into the distance is a consequence of the Doppler Effect. As
the train moves away from the listener, the crests of the sound waves are stretched out or shifted, resulting in
a lower pitch. The faster the train recedes, the more stretched out the waves become. The same holds true for
any wave-emitting object--whether they be sound waves, light waves, or radio waves. Conversely, the
wavelength of objects that are moving toward us are shorter than those emitted by an object at rest.

Atoms emit or absorb light in characteristic wavelengths: hydrogen, helium, and all the other atomic elements
have their own spectrum signatures. In the early part of this century, Vesto Slipher was studying the spectra
of light emitted from nearby galaxies. He noticed that the light coming from many galaxies was shifted toward
the red, or longer wavelength, end of the spectrum. The simplest interpretation of this "redshift" was that the
galaxies were moving away from us.

Hubbles's Law

Hubble, who had been the first to establish that the universe included many other
galaxies outside of our own, noticed something else: the galaxies were receding from us
at a velocity proportional to their distance. The more distant the galaxy, the greater its
redshift, and therefore the higher the velocity, a relation known as Hubble's Law.

JPEG Image (15.1 KB)

The velocity v could be determined by multiplying the distance R by H, the Hubble constant, given by the
slope of the line in the above graph, in units of kilometers per second per million light years. The Hubble
constant describes the universe's rate of expansion.

The apparent linearity of Hubble's Law implies that the universe is uniformly expanding. What does that
actually mean?

Expanding Universe http://archive.ncsa.illinois.edu/Cyberia/Cosmos/ExpandUni.html
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For one thing, it means that no matter which galaxy we happen to be in, virtually all of the other galaxies are
moving away from us (the exceptions are at the local level: gravitational attraction pulls neighboring galaxies,
such as Andromeda and the Milky Way, closer together). In other words, it's not as though we here on earth
are at the center of the universe and everything else is receding from us. The universe has no "edge" as such.

Cosmic Expansion

QuickTime (184K); MPEG (273K); Thumbnail (15K);

Credits and Copyrights

It also means that the galaxies are not moving away through space, they are moving away with space, as
space itself expands. Think of a loaf of unbaked raisin bread you've set in a warm place to rise. The raisins are
like galaxies or clusters of galaxies, and the dough, space. As the dough rises, the raisins move farther apart,
but they've moved with the dough, not through the dough.

How old is the universe?

Determining the Hubble Constant is something of a Holy Grail for cosmologists, because it holds the key to
the age of the universe. Imagine running a film of cosmic expansion backwards to the Big Bang--in

other words, a contracting universe instead of an expanding universe. Because the Hubble Constant is a
measure of how much space is expanding in units of distance per second, it's possible to estimate how long it
would take, rolling the movie backwards, for the most distant galaxies to collide with each other and finally
collapse in the Big Bang.

Unfortunately, it's not so easy to determine the Hubble Constant. While cosmologists have mastered the trick
of determining a galaxy's redshift, and therefore its velocity, determining the distance to far-off objects is
quite another matter. We don't have any yardsticks that long.

Instead, cosmologists use standard candles, bright beacons that serve as reference points. One kind of
standard candle are the Cepheid variables (the North Star is one), so called because they blink at a rate that is
precisely related to their brightness. Because the brightness of individual stars is proportional to their distance
from us, cosmologists compare nearby Cepheids (to which we know the precise distance) to those farther
away. A Cepheid that is four times fainter than a nearby Cepheid is estimated to be twice as far away.
Cosmologists use an entire ladder of distance indicators that are calibrated using the lower (nearest) rungs.

Until just recently, most estimates of the Hubble Constant have hovered around 50, which implies that the
universe is about 20 billion years old. However, this provides only an upper limit to the age of the universe,
and is based on the present rate of expansion, as observed by the recession of distant galaxies. It's likely that
this rate was greater in earlier epochs of cosmic evolution. As galaxies tugged at each other through their
gravitation, the expansion slowed down.

Cepheid Variable in M100

The Hubble Telescope was designed, in part, to find Cepheid variables and other
standard candles even farther away than those detectable by ground-based telescopes.

Expanding Universe http://archive.ncsa.illinois.edu/Cyberia/Cosmos/ExpandUni.html

2 of 3 10/04/2010 10:03 PM



Cosmologists hoped that these objects, not influenced by the gravitational pull of the
Milky Way, would yield more accurate information about the expansion of the universe.
JPEG Image (31.3 KB)

One team using the Hubble Telescope found a number of Cepheids in the Virgo cluster,
which allowed them to estimate the distance to the far-off Coma cluster.

JPEG Image (30.5 KB)

The team estimated the Hubble Constant to be 80, which would make the universe eight
to twelve billion years old. Separate, ground-based observations of another galaxy within
Virgo yield an even higher value of 87.

JPEG Image (44.9 KB)

M100 Cepheid Variable Credits

Other groups using another kind of standard candle called supernovae --massive stars that have collapsed and
exploded--come up with lower Hubble Constants, either 73 or 50.

On the other hand, astronomers who study the chemistry and life cycles of stars are quite certain that the
oldest stars in the Milky Way are about 14 billion years old. Clearly, cosmologists are facing a paradox: you
can't have stars that are older than the universe!

All of the galaxies studied are only in the region of 50 million light years from Earth, too close to get a more
truly "global" value for the Hubble Constant. Studies are now underway at several observatories worldwide,
and with the Hubble Telescope, to probe much further out and find redshifts corresponding to times when the
universe was one fourth or less than its present size.

Clearly the pressure is on to find a correct value for the Hubble Constant. Cosmologists hope that better
instrumentation, earth-bound and space-born, will provide the means to do so.
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Friedmann equations
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Structure formation
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From Wikipedia, the free encyclopedia

Hubble's law describes the observation in physical cosmology that the
velocity at which various galaxies are receding from the Earth is

proportional to their distance from us.[1] The law was first derived from

the General Relativity equations by Georges Lemaître in 1927.[2] Edwin

Hubble derived it empirically in 1929[3] after nearly a decade of
observations. The recession velocity of the objects was inferred from
their redshifts, many measured earlier by Vesto Slipher (1917) and

related to velocity by him.[4] It is considered the first observational basis
for the expanding space paradigm and today serves as one of the pieces
of evidence most often cited in support of the Big Bang model.

The law is often expressed by the equation v = H0D, with H0 the constant
of proportionality (the Hubble constant) between the "proper distance"
D to a galaxy (which can change over time, unlike the comoving
distance) and its velocity v (i.e. the derivative of proper distance with

respect to cosmological time coordinate). The SI unit of H0 is s-1 but it is
most frequently quoted in (km/s)/Mpc, thus giving the speed in km/s of a
galaxy one Megaparsec away. The reciprocal of H0 is the Hubble time.

The most recent observational determination of the proportionality

constant obtained in 2010[5] based upon measurements of gravitational
lensing by using the Hubble Space Telescope (HST) yielded a value of
H0 = 70.6 ± 3.1 (km/sec)/Mpc. In 2009 also using the Hubble Space

Telescope the measure was 74.2 ± 3.6 (km/s)/Mpc.[6] The results agree
closely with an earlier measurement of H0 = 72 ± 8 km/s/Mpc obtained in

2001 also by the HST.[7] In August 2006, a less-precise figure was
obtained independently using data from NASA's Chandra X-ray

Observatory: H0 = 77 (km/s)/Mpc or about 2.5×10−18 s−1 with an

uncertainty of ± 15%.[8] NASA summarizes existing data to indicate a
constant of 70.8 ± 1.6 (km/s)/Mpc if space is assumed to be flat, or 70.8

± 4.0 (km/s)/Mpc otherwise.[9]

1 Discovery
1.1 FLRW equations
1.2 Shape of the universe
1.3 Cepheid variable stars outside of the Milky Way
1.4 Combining redshifts with distance measurements

1.4.1 Hubble Diagram
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1.5 The cosmological constant abandoned
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3.5 Using Chandra X-ray Observatory data
3.6 Acceleration of the expansion
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5 Units derived from the Hubble constant
5.1 Hubble time
5.2 Hubble length
5.3 Hubble volume

6 See also
7 Notes
8 References
9 External links

A decade before Hubble made his observations, a number of physicists and mathematicians had established a
consistent theory of the relationship between space and time by using Einstein's field equations of general
relativity. Applying the most general principles to the nature of the universe yielded a dynamic solution that
conflicted with the then prevailing notion of a static universe.

FLRW equations

In 1922, Alexander Friedmann derived his Friedmann equations from Einstein's field equations, showing that the

universe might expand at a rate calculable by the equations.[10] The parameter used by Friedmann is known
today as the scale factor which can be considered as a scale invariant form of the proportionality constant of
Hubble's Law. Georges Lemaître independently found a similar solution in 1927. The Friedmann equations are
derived by inserting the metric for a homogeneous and isotropic universe into Einstein's field equations for a
fluid with a given density and pressure. This idea of an expanding spacetime would eventually lead to the Big
Bang and Steady State theories of cosmology.
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Edwin Hubble.

Shape of the universe

Before the advent of modern cosmology, there was considerable talk about the size and shape of the universe.
In 1920, the famous Shapley-Curtis debate took place between Harlow Shapley and Heber D. Curtis over this
issue. Shapley argued for a small universe the size of the Milky Way galaxy and Curtis argued that the universe
was much larger. The issue was resolved in the coming decade with Hubble's improved observations.

Cepheid variable stars outside of the Milky Way

Edwin Hubble did most of his professional astronomical observing work
at Mount Wilson Observatory, the world's most powerful telescope at
the time. His observations of Cepheid variable stars in spiral nebulae
enabled him to calculate the distances to these objects. Surprisingly,
these objects were discovered to be at distances which placed them well
outside the Milky Way. They continued to be called "nebulae" and it
was only gradually that the term "galaxies" took over.

Combining redshifts with distance measurements
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Fit of redshift velocities to Hubble's law;
patterned after William C. Keel (2007).

The Road to Galaxy Formation
(http://books.google.com

/?id=BUgJGypUYF0C&pg=PA8) .
Berlin: Springer published in association

with Praxis Pub., Chichester, UK.
ISBN 3540725342.

http://books.google.com
/?id=BUgJGypUYF0C&pg=PA8.Various
estimates for the Hubble constant exist.
The HST Key H0 Group fitted type Ia
supernovae for redshifts between 0.01

and 0.1 to find that H0 = 71 ±
2(statistical) ± 6 (systematic) km

s−1Mpc−1,[11] while Sandage et al. find
H0 = 62.3 ± 1.3 (statistical) ± 5
(systematic) km s−1Mpc−1.[12]

The parameters that appear in Hubble’s law: velocities and
distances, are not directly measured. In reality we determine, say, a
supernova brightness, which provides information about its distance,
and the redshift z = ∆λ/λ of its spectrum of radiation. Hubble
correlated brightness and parameter z.

Combining his measurements of galaxy distances with Vesto
Slipher's measurements of the redshifts associated with the galaxies,
Hubble discovered a rough proportionality between redshift of an
object and its distance. Though there was considerable scatter (now
known to be caused by peculiar velocities), Hubble was able to plot
a trend line from the 46 galaxies he studied and obtain a value for
the Hubble constant of 500 km/s/Mpc (much higher than the
currently accepted value due to errors in his distance calibrations).
(See cosmic distance ladder for details.)

At the time of discovery and development of Hubble’s law it was
acceptable to explain redshift phenomenon as a Doppler shift in the
context of special relativity, and use the Doppler formula to
associate redshift z with velocity. Today the velocity-distance
relationship of Hubble's law is viewed as a theoretical result with
velocity to be connected with observed redshift not by the Doppler
effect, but by a cosmological model relating recessional velocity to
the expansion of the universe. Even for small z the velocity entering
the Hubble law is no longer interpreted as a Doppler effect,
although at small z the velocity-redshift relation for both
interpretations is the same.

In 1958, the first good estimate of H0, 75 km/s/Mpc, was published

by Allan Sandage,[13] but it would be decades before a consensus
was achieved.

Hubble Diagram

Hubble's Law can be easily depicted in a "Hubble Diagram" in which the velocity (assumed approximately

proportional to the redshift) of an object is plotted with respect to its distance from the observer.[14] A straight
line of positive slope on this diagram is the visual depiction of Hubble's Law.

The cosmological constant abandoned

Main article: Cosmological constant

After Hubble's discovery was published, Albert Einstein abandoned his work on the cosmological constant
(which he had designed to allow for a static solution to his equations). He later termed this work his "greatest
blunder" since the assumption of a static universe had prevented him from predicting the expanding universe.
Einstein made a famous trip to Mount Wilson in 1931 to thank Hubble for providing the observational basis for
modern cosmology. However, the cosmological constant has regained attention in recent decades as a
hypothesis for dark energy.
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A variety of possible recessional
velocity vs. redshift functions including

the simple linear relation v = cz; a
variety of possible shapes from theories
related to general relativity; and a curve
that does not permit speeds faster than

light in accordance with special
relativity. All curves are linear at low

redshifts. See Davis and Lineweaver.[15]

The discovery of the linear relationship between redshift and
distance, coupled with a supposed linear relation between
recessional velocity and redshift, yields a straightforward
mathematical expression for Hubble's Law as follows:

where

v is the recessional velocity, typically expressed in km/s.

H0 is Hubble's constant and corresponds to the value of H
(often termed the Hubble parameter which is a value that is
time dependent and which can be expressed in terms of the
scale factor) in the Friedmann equations taken at the time of
observation denoted by the subscript 0. This value is the same
throughout the universe for a given comoving time.

D is the proper distance (which can change over time, unlike

the comoving distance which is constant) from the galaxy to
the observer, measured in mega parsecs (Mpc), in the 3-space
defined by given cosmological time. (Recession velocity is
just v = dD/dt).

Hubble's law is considered a fundamental relation between recessional velocity and distance. However, the
relation between recessional velocity and redshift depends on the cosmological model adopted, and is not
established except for small redshifts.

For distances D larger than the radius of the Hubble sphere rHS , objects recede at a rate faster than the speed of
light (See Uses of the proper distance for a discussion of the significance of this):

Since the Hubble "constant" is only a constant in space, not in time, the radius of the Hubble sphere may
increase or decrease over various time intervals. The subscript '0' indicates the value of the Hubble constant

today.[16]

Redshift velocity and recessional velocity

Redshift can be measured by determining the wavelength of a known transition, such as hydrogen α-lines for
distant quasars, and finding the fractional shift compared to a stationary reference. Thus redshift is a quantity
unambiguous for experimental observation. The relation of redshift to recessional velocity is another matter. For

an extensive discussion, see Harrison.[17]

Redshift velocity

The redshift z often is described as a redshift velocity, which is the recessional velocity that would produce the
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same redshift if it were caused by a linear Doppler effect (which, however, is not the case, as the shift is caused
in part by a cosmological expansion of space, and because the velocities involved are too large to use a

non-relativistic formula for Doppler shift). This redshift velocity can easily exceed the speed of light.[18] In
other words, to determine the redshift velocity vrs, the relation:

is used.[19][20] That is, there is no fundamental difference between redshift velocity and redshift: they are
rigidly proportional, and not related by any theoretical reasoning. The motivation behind the "redshift velocity"
terminology is that the redshift velocity agrees with the velocity from a low-velocity simplification of the

so-called Fizeau-Doppler formula[21]

Here, λo, λe are the observed and emitted wavelengths respectively. The "redshift velocity" vrs is not so simply
related to real velocity at larger velocities, however, and this terminology leads to confusion if interpreted as a
real velocity. Next, the connection between redshift or redshift velocity and recessional velocity is discussed.

This discussion is based on Sartori.[22]

Recessional velocity

Suppose R(t) is called the scale factor of the universe, and increases as the universe expands in a manner that
depends upon the cosmological model selected. Its meaning is that all measured distances D(t) between
co-moving points increase proportionally to R. (The co-moving points are not moving relative to each other
except as a result of the expansion of space.) In other words:

where t0 is some reference time. If light is emitted from a galaxy at time te and received by us at t0, it is red
shifted due to the expansion of space, and this redshift z is simply:

Suppose a galaxy is at distance D, and this distance changes with time at a rate dtD . We call this rate of
recession the "recession velocity" vr:

We now define the Hubble constant as

and discover the Hubble law:
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From this perspective, Hubble's law is a fundamental relation between (i) the recessional velocity contributed by
the expansion of space and (ii) the distance to an object; the connection between redshift and distance is a
crutch used to connect Hubble's law with observations. This law can be related to redshift z approximately by
making a Taylor series expansion:

If the distance is not too large, all other complications of the model become small corrections and the time
interval is simply the distance divided by the speed of light:

 or 

According to this approach, the relation cz = vr is an approximation valid at low redshifts, to be replaced by a
relation at large redshifts that is model-dependent. See velocity-redshift figure.

Observability of parameters

Strictly speaking, neither v nor D in the formula are directly observable, because they are properties now of a
galaxy, whereas our observations refer to the galaxy in the past, at the time that the light we currently see left it.

For relatively nearby galaxies (redshift z much less than unity), v and D will not have changed much, and v can

be estimated using the formula v = zc where c is the speed of light. This gives the empirical relation found by

Hubble.

For distant galaxies, v (or D) cannot be calculated from z without specifying a detailed model for how H changes
with time. The redshift is not even directly related to the recession velocity at the time the light set out, but it
does have a simple interpretation: (1+z) is the factor by which the universe has expanded while the photon was
travelling towards the observer.

Expansion velocity vs relative velocity

In using Hubble's law to determine distances, only the velocity due to the expansion of the universe can be used.
Since gravitationally interacting galaxies move relative to each other independent of the expansion of the
universe, these relative velocities, called peculiar velocities, need to be accounted for in the application of
Hubble's law.

The Finger of God effect is one result of this phenomenon discovered in 1938 by Benjamin Kenneally. In
systems that are gravitationally bound, such as galaxies or our planetary system, the expansion of space is a
much weaker effect than the attractive force of gravity.

Idealized Hubble's Law

The mathematical derivation of an idealized Hubble's Law for a uniformly expanding universe is a fairly
elementary theorem of geometry in 3-dimensional Cartesian/Newtonian coordinate space, which, considered as
a metric space, is entirely homogeneous and isotropic (properties do not vary with location or direction). Simply

Hubble's law - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Hubble's_law

7 of 15 10/04/2010 10:02 PM



The age and ultimate fate of the universe can be determined by
measuring the Hubble constant today and extrapolating with the

observed value of the deceleration parameter, uniquely
characterized by values of density parameters (ΩM and ΩΛ). A

"closed universe" with ΩM > 1 and ΩΛ = 0 comes to an end in a
Big Crunch and is considerably younger than its Hubble age. An
"open universe" with ΩM ≤ 1 and ΩΛ = 0 expands forever and
has an age that is closer to its Hubble age. For the accelerating

universe with nonzero ΩΛ that we inhabit, the age of the
universe is coincidentally very close to the Hubble age.

stated the theorem is this:

Any two points which are moving away from the origin, each along straight lines and with speed
proportional to distance from the origin, will be moving away from each other with a speed
proportional to their distance apart.

In fact this applies to non-Cartesian spaces as long as they are locally homogeneous and isotropic; specifically to
the negatively- and positively-curved spaces frequently considered as cosmological models (see shape of the
universe).

An observation stemming from this theorem is that seeing objects recede from us on Earth is not an indication
that Earth is near to a center from which the expansion is occurring, but rather that every observer in an
expanding universe will see objects receding from them.

The ‘ultimate fate’ and age of the universe

The value of the Hubble parameter changes
over time either increasing or decreasing
depending on the sign of the so-called

deceleration parameter q which is defined

by

In a universe with a deceleration parameter
equal to zero, it follows that H = 1/t, where t
is the time since the Big Bang. A non-zero,

time-dependent value of q simply requires

integration of the Friedmann equations
backwards from the present time to the time
when the comoving horizon size was zero.

It was long thought that q was positive,
indicating that the expansion is slowing
down due to gravitational attraction. This
would imply an age of the universe less than
1/H (which is about 14 billion years). For
instance, a value for q of 1/2 (once favoured
by most theorists) would give the age of the
universe as 2/(3H). The discovery in 1998
that q is apparently negative means that the
universe could actually be older than 1/H.
However, estimates of the age of the universe are very close to 1/H.

Olbers' paradox

Main article: Olbers' paradox
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The expansion of space summarized by the Big Bang interpretation of Hubble's Law is relevant to the old
conundrum known as Olbers' paradox: if the universe were infinite, static, and filled with a uniform distribution
of stars (notice that this also requires an infinite number of stars), then every line of sight in the sky would end
on a star, and the sky would be as bright as the surface of a star. However, the night sky is largely dark. Since
the 17th century, astronomers and other thinkers have proposed many possible ways to resolve this paradox, but
the currently accepted resolution depends in part upon the Big Bang theory and in part upon the Hubble
expansion. In a universe that exists for a finite amount of time, only the light of finitely many stars has had a
chance to reach us yet, and the paradox is resolved. Additionally, in an expanding universe distant objects
recede from us, which causes the light emanating from them to be redshifted and diminished in brightness.

Although both effects contribute, the redshift is the less important of the two.[23]

The value of the Hubble constant is estimated by measuring the redshift of distant galaxies and then determining
the distances to the same galaxies (by some other method than Hubble's law). Uncertainties in the physical
assumptions used to determine these distances have caused varying estimates of the Hubble constant. For most

of the second half of the 20th century the value of H0 was estimated to be between 50 and 90 (km/s)/Mpc.

Disputes over Hubble's constant

Astrophysicists are always wrong, but never in doubt. ... RP Kirshner[24]

The value of the Hubble constant was the topic of a long and rather bitter controversy between Gérard de

Vaucouleurs who claimed the value was around 100 and Allan Sandage who claimed the value was near 50.[25]

In 1996, a debate moderated by John Bahcall between Gustav Tammann and Sidney van den Bergh was held in
similar fashion to the earlier Shapley-Curtis debate over these two competing values.

This difference was partially resolved with the introduction of the ΛCDM model of the universe in the late
1990s.

The ΛCDM model

With the ΛCDM model observations of high-redshift clusters at X-ray and microwave wavelengths using the
Sunyaev-Zel'dovich effect, measurements of anisotropies in the cosmic microwave background radiation, and

optical surveys all gave a value of around 70 for the constant.[citation needed]

Using Hubble space telescope data

The Hubble Key Project (led by Dr. Wendy L. Freedman, Carnegie Observatories) used the Hubble space

telescope to establish the most precise optical determination in May 2001[26] of 72 ± 8 (km/s)/Mpc, consistent

with a measurement of H0 based upon Sunyaev-Zel'dovich effect observations of many galaxy clusters having a

similar accuracy.

Using WMAP data
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The most precise cosmic microwave background radiation determinations were 71 ± 4 (km/s)/Mpc, by WMAP

in 2003, and 70.4 
+1.5
−1.6 (km/s)/Mpc, for measurements up to 2006.[27] The five year release from WMAP in 2008

finds 71.9 
+2.6
−2.7 (km/s)/Mpc.[1] (http://lambda.gsfc.nasa.gov/product/map/current/params

/lcdm_sz_lens_wmap5.cfm)

These values arise from fitting a combination of WMAP and other cosmological data to the simplest version of

the ΛCDM model. If the data is fitted with more general versions, H0 tends to be smaller and more uncertain:

typically around 67 ± 4 (km/s)/Mpc although some models allow values near 63 (km/s)/Mpc.[28]

Using Chandra X-ray Observatory data

In August 2006, using NASA's Chandra X-ray Observatory, a team from NASA's Marshall Space Flight Center

(MSFC) found the Hubble constant to be 77 (km/s)/Mpc, with an uncertainty of about 15%.[29] The consistency

of the measurements from all these methods lends support to both the measured value of H0 and the ΛCDM

model.

Acceleration of the expansion

Main article: Accelerating universe

A value for q measured from standard candle observations of Type Ia supernovae, which was determined in

1998 to be negative, surprised many astronomers with the implication that the expansion of the universe is
currently "accelerating" (although the Hubble factor is still decreasing with time; see the articles on dark energy
and the ΛCDM model).

Start with the Friedmann equation:

where H is the Hubble parameter, a is the scale factor, G is the gravitational constant, k is the normalised

spatial curvature of the universe and equal to −1, 0, or +1, and Λ is the cosmological constant.

Matter-dominated universe (with a cosmological constant)

If the universe is matter-dominated, then the mass density of the universe ρ can just be taken to include matter

so

where  is the density of matter today. We know for nonrelativistic particles that their mass density
decreases proportional to the inverse volume of the universe so the equation above must be true. We can also
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define (see density parameter for Ωm)

so ρ = ρcΩm / a3. Also, by definition,

and

where the subscript nought refers to the values today, and a0 = 1. Substituting all of this in into the Friedman

equation at the start of this section and replacing a with a = 1 / (1 + z) gives

Matter- and dark energy-dominated universe

If the universe is both matter-dominated and dark energy-dominated, then the above equation for the Hubble
parameter will also be a function of the equation of state of dark energy. So now:

ρ = ρm(a) + ρde(a),

where ρde is the mass density of the dark energy. By definition an equation of state in cosmology is P = wρc2
,

and if we substitute this into the fluid equation, which describes how the mass density of the universe evolves
with time,

If w is constant,
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Therefore for dark energy with a constant equation of state w, . If we substitute this

into the Friedman equation in a similar way as before, but this time set k = 0 which is assuming we live in a

spatially flat universe, (see Shape of the Universe)

If dark energy does not have a constant equation-of-state w, then

and to solve this we must parametrize w(a), for example if w(a) = w0 + wa(1 − a), giving

Hubble time

The Hubble constant H0 has units of inverse time, i.e. H0 ~ 2.29×10−18 s−1. “Hubble time” is defined as

1 / H0. The value of Hubble time in the standard cosmological model is 4.35×1017 s or 13.8 billion years.

(Liddle 2003, p. 57) The phrase "expansion timescale" means "Hubble time".[2] (http://ybmessager.free.fr

/docs/wiki-journey.html) If the value of H0 were to stay constant, a naive interpretation of the Hubble time is

that it is the time taken for the universe to increase in size by a factor of e (because the solution of dx/dt = xH0

is x = s0exp(H0t), where s0 is the size of some feature at some arbitrary initial condition t = 0). However, over

long periods of time the dynamics are complicated by general relativity, dark energy, inflation, etc., as explained
above.

Hubble length

The Hubble length or Hubble distance is a unit of distance in cosmology, defined as c / H0—the speed of light

multiplied by the Hubble time. It is equivalent to 4228 million parsecs or 13.8 billion light years. (The numerical
value of the Hubble length in light years is, by definition, equal to that of the Hubble time in years.)

Hubble volume

The Hubble volume is sometimes defined as a volume of the universe with a comoving size of c / H0. The

exact definition varies: it is sometimes defined as the volume of a sphere with radius c / H0, or alternatively, a

cube of side c / H0. Some cosmologists even use the term Hubble volume to refer to the volume of the

observable universe, although this has a radius approximately three times larger.

Hubble's law - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Hubble's_law

12 of 15 10/04/2010 10:02 PM



Age of the universe
Shape of the universe

^ Peter Coles, ed (2001). Routledge Critical Dictionary of the New Cosmology (http://books.google.com
/?id=BgNGWVr5yhIC&pg=PA202) . Routledge. p. 202. ISBN 0203164571. http://books.google.com
/?id=BgNGWVr5yhIC&pg=PA202.

1.

^ Lemaître, Georges (1927). "Un univers homogène de masse constante et de rayon croissant rendant compte de la
vitesse radiale des nébuleuses extra-galactiques" (http://adsabs.harvard.edu/abs/1927ASSB...47...49L) . Annales de
la Société Scientifique de Bruxelles A47: 49–56. http://adsabs.harvard.edu/abs/1927ASSB...47...49L translated by
A. S. Eddington Lemaître, Georges (1931). "Expansion of the universe, A homogeneous universe of constant mass
and increasing radius accounting for the radial velocity of extra-galactic nebulæ" (http://adsabs.harvard.edu
/abs/1931MNRAS..91..483L) . Monthly Notices of the Royal Astronomical Society 91: 483–490.
http://adsabs.harvard.edu/abs/1931MNRAS..91..483L

2.

^ Hubble, Edwin, "A Relation between Distance and Radial Velocity among Extra-Galactic Nebulae
(http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1929PNAS...15..168H&db_key=AST&
data_type=HTML&format=&high=42ca922c9c30954) " (1929) Proceedings of the National Academy of Sciences
of the United States of America, Volume 15, Issue 3, pp. 168-173 (Full article (http://www.pnas.org/cgi/reprint
/15/3/168) , PDF)

3.

^ Malcolm S Longair (2006). The Cosmic Century (http://books.google.com/?id=z0vlYHQZHJcC&pg=RA2-
PA109) . Cambridge University Press. p. 109. ISBN 0521474361. http://books.google.com/?id=z0vlYHQZHJcC&
pg=RA2-PA109.

4.

^ S. H. Suyu, P. J. Marshall, M. W. Auger, S. Hilbert, R. D. Blandford, L. V. E. Koopmans, C. D. Fassnacht and T.
Treu. Dissecting the Gravitational Lens B1608+656. II. Precision Measurements of the Hubble Constant, Spatial
Curvature, and the Dark Energy Equation of State. The Astrophysical Journal, 2010; 711 (1): 201 DOI:
10.1088/0004-637X/711/1/201

5.

^ "Refined Hubble Constant Narrows Possible Explanations for Dark Energy" (http://hubblesite.org/newscenter
/archive/releases/2009/08/full/) . 2009-05-09. http://hubblesite.org/newscenter/archive/releases/2009/08/full/.
Retrieved 2009-05-09.

6.

^ W. L. Freedman, B. F. Madore, B. K. Gibson, L. Ferrarese, D. D. Kelson, S. Sakai, J. R. Mould, R. C. Kennicutt,
Jr., H. C. Ford, J. A. Graham, J. P. Huchra, S. M. G. Hughes, G. D. Illingworth, L. M. Macri, P. B. Stetson (2001).
"Final Results from the Hubble Space Telescope Key Project to Measure the Hubble Constant"
(http://adsabs.harvard.edu/cgi-bin/nph-bib_query?2001ApJ...553...47F) . The Astrophysical Journal 553 (1):
47–72. doi:10.1086/320638 (http://dx.doi.org/10.1086%2F320638) . http://adsabs.harvard.edu/cgi-bin
/nph-bib_query?2001ApJ...553...47F.

7.

^ "Chandra Confirms the Hubble Constant" (http://www.universetoday.com/2006/08/08/chandra-confirms-
the-hubble-constant/) . 2006-08-08. http://www.universetoday.com/2006/08/08/chandra-confirms-the-hubble-
constant/. Retrieved 2007-03-07.

8.

^ "WMAP's Universe" (http://wmap.gsfc.nasa.gov/universe/uni_expansion.html) . NASA.
http://wmap.gsfc.nasa.gov/universe/uni_expansion.html.

9.

^ Friedman, A. (1922). "Über die Krümmung des Raumes". Zeitschrift für Physik 10 (1): 377–386.
doi:10.1007/BF01332580 (http://dx.doi.org/10.1007%2FBF01332580) . (English translation: Friedman, A. (1999).
"On the Curvature of Space". General Relativity and Gravitation 31 (12): 1991–2000.
doi:10.1023/A:1026751225741 (http://dx.doi.org/10.1023%2FA%3A1026751225741) .)

10.

^ Wendy L Freeman et al. (2001). "Final Results from the Hubble Space Telescope Key Project to Measure the
Hubble Constant" (http://arxiv.org/abs/astro-ph/0012376v1) . Astrophys J 553: 47–72. doi:10.1086/320638
(http://dx.doi.org/10.1086%2F320638) . http://arxiv.org/abs/astro-ph/0012376v1.

11.

^ Steven Weinberg (2008). Cosmology (http://books.google.com/?id=nqQZdg020fsC&pg=PA28) . Oxford
University Press. p. 28. ISBN 0198526822. http://books.google.com/?id=nqQZdg020fsC&pg=PA28.

12.

^ Sandage, A. R. (May,1958). "Current Problems in the Extragalactic Distance Scale.". Astrophysical Journal 127
(3): 513–526. doi:10.1086/146483 (http://dx.doi.org/10.1086%2F146483) . Bibcode: 1958ApJ...127..513S
(http://adsabs.harvard.edu/abs/1958ApJ...127..513S) .

13.

^ R. P. Kirshner, Hubble's Diagram and Cosmic Expansion, Online Article (http://www.pnas.org/content/101/114.

Hubble's law - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Hubble's_law

13 of 15 10/04/2010 10:02 PM



/8.full)
^ Tamara M. Davis, Charles H. Lineweaver (2000). "Superluminal Recessional Velocities" (http://arxiv.org
/abs/astro-ph/0011070v2) . ArXiv preprint. http://arxiv.org/abs/astro-ph/0011070v2.

15.

^ William C. Keel (2007). The Road to Galaxy Formation (http://books.google.com/?id=BUgJGypUYF0C&
pg=PA7) (2 ed.). Springer. p. 7. ISBN 3540725342. http://books.google.com/?id=BUgJGypUYF0C&pg=PA7.

16.

^ Edward Harrison (1992). "The redshift-distance and velocity-distance laws" (http://adsabs.harvard.edu
/abs/1993ApJ...403...28H) . Astrophysical Journal, Part 1 403: 28–31. doi:10.1086/172179 (http://dx.doi.org
/10.1086%2F172179) . http://adsabs.harvard.edu/abs/1993ApJ...403...28H.. A pdf file can be found here
(http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1993ApJ...403...28H&data_type=PDF_HIGH&
whole_paper=YES&type=PRINTER&filetype=.pdf) .

17.

^ MS Madsen (1995). The Dynamic Cosmos (http://books.google.com/?id=_2GeJxVvyFMC&pg=PA35) . CRC
Press. p. 35. ISBN 0412623005. http://books.google.com/?id=_2GeJxVvyFMC&pg=PA35.

18.

^ Avishai Dekel, J. P. Ostriker (1999). Formation of Structure in the Universe (http://books.google.com
/?id=yAroX6tx-l0C&pg=PA164) . Cambridge University Press. p. 164. ISBN 0521586321. http://books.google.com
/?id=yAroX6tx-l0C&pg=PA164.

19.

^ Thanu Padmanabhan (1993). Structure formation in the universe (http://books.google.com/?id=AJlOVBRZJtIC&
pg=PA58) . Cambridge University Press. p. 58. ISBN 0521424860. http://books.google.com/?id=AJlOVBRZJtIC&
pg=PA58.

20.

^ Leo Sartori (1996). Understanding Relativity. University of California Press. p. 163, Appendix 5B.
ISBN 0520200292.

21.

^ Leo Sartori (1996). [0520200292 Understanding Relativity]. University of California Press. pp. 304–305.
0520200292.

22.

^ S. I. Chase, Olbers' Paradox, entry (http://math.ucr.edu/home/baez/physics/Relativity/GR/olbers.html) in the
Physics FAQ; see also I. Asimov, "The Black of Night", in Asimov on Astronomy (Doubleday, 1974), ISBN
0-385-04111-X.

23.

^ Quoted by RP Kirshner (http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=314128)24.
^ Dennis Overbye, Lonely Hearts of the Cosmos: The Scientific Quest for the Secret of the Universe, Harper-
Collins (1991), ISBN 0-06-015964-2 & ISBN 0-330-29585-3 (finalist, Nation Book Critics Circle Award for
non-fiction). Second edition (with new afterword), Back Bay, 1999. Gives an account of the history of the dispute
and rivalries.

25.

^ W. L. Freedman, B. F. Madore, B. K. Gibson, L. Ferrarese, D. D. Kelson, S. Sakai, J. R. Mould, R. C. Kennicutt,
Jr., H. C. Ford, J. A. Graham, J. P. Huchra, S. M. G. Hughes, G. D. Illingworth, L. M. Macri, P. B. Stetson (2001).
"Final Results from the Hubble Space Telescope Key Project to Measure the Hubble Constant"
(http://adsabs.harvard.edu/cgi-bin/nph-bib_query?2001ApJ...553...47F) . The Astrophysical Journal 553 (1):
47–72. doi:10.1086/320638 (http://dx.doi.org/10.1086%2F320638) . http://adsabs.harvard.edu/cgi-bin
/nph-bib_query?2001ApJ...553...47F.. Preprint available here (http://arxiv.org/abs/astro-ph/0012376) .

26.

^ D. N. Spergel et al. (2007). "Three-year Wilkinson Microwave Anisotropy Probe (WMAP) Observations:
Implications for Cosmology". Astrophysical Journal Supplement Series 170: 377–408. doi:10.1086/513700
(http://dx.doi.org/10.1086%2F513700) .; available online at LAMBDA (http://lambda.gsfc.nasa.gov/product
/map/dr2/pub_papers/threeyear/parameters/64897.web.pdf)

27.

^ Results for H0 and other cosmological parameters obtained by fitting a variety of models to several combinations

of WMAP and other data are available at the NASA's LAMBDA website (http://lambda.gsfc.nasa.gov/product
/map/current/parameters.cfm) .

28.

^ Chandra independently determines Hubble constant (http://spaceflightnow.com/news/n0608/08hubbleconstant/) in
Spaceflight Now

29.

Kutner, Marc (2003). Astronomy: A Physical Perspective. New York: Cambridge University Press.
ISBN 0521529271
Hubble, E. P. (1937). The Observational Approach to Cosmology. Oxford: Clarendon Press
Eng, A. E. (1985). A New Approach to Starlight Runs. Oswego
Liddle, Andrew R. (2003). An Introduction to Modern Cosmology (2nd ed.). Chichester: Wiley.

Hubble's law - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Hubble's_law

14 of 15 10/04/2010 10:02 PM



ISBN 0470848359

The Hubble Key Project (http://www.ipac.caltech.edu/H0kp/H0KeyProj.html)
The Hubble Diagram Project (http://cas.sdss.org/dr3/en/proj/advanced/hubble/)

Retrieved from "http://en.wikipedia.org/wiki/Hubble%27s_law"
Categories: Large-scale structure of the cosmos | Physical cosmology

This page was last modified on 4 October 2010 at 19:17.
Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may
apply. See Terms of Use for details.
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit organization.

Hubble's law - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Hubble's_law

15 of 15 10/04/2010 10:02 PM



Physical cosmology

Universe · Big Bang

Age of the universe

Timeline of the Big Bang

Ultimate fate of the universe

Early universe

Inflation · Nucleosynthesis

GWB · Neutrino background

Cosmic microwave background

Expanding universe

Redshift · Hubble's law

Metric expansion of space

Friedmann equations

FLRW metric

Structure Formation

Shape of the Universe

Structure formation

Reionization

Galaxy formation

Large-scale structure

Galaxy filaments

Components

Lambda-CDM model

Dark energy · Dark matter

Timeline

Timeline of cosmological theories

Future of an expanding universe

Experiments

Observational cosmology

2dF · SDSS

From Wikipedia, the free encyclopedia

The accelerating universe is the observation that the universe appears to
be expanding at an increasing rate, which in formal terms means that the

cosmic scale factor a(t) has a positive second derivative.[1] In 1998

observations of Type Ia supernovae suggested that the expansion of the

universe has been accelerating[2][3] since around redshift of z~0.5.[4]

1 Corroboration
2 Density drops
3 Explanatory models
4 Divergent expansion
5 Dark energy dominates
6 See also
7 References

In the past few years, these observations have been corroborated by
several independent sources: the cosmic microwave background radiation

and large scale structure,[5] age of the universe,[6] as well as improved

measurements of the supernova,[7][8] and X-ray properties of galaxy
clusters.

An expanding universe means that density drops due to continual space
being added between all matter. If acceleration continues, eventually all
galaxies beyond our own Local supercluster will redshift so far that it will
become hard to detect them, and the distant universe will turn dark.

Models attempting to explain accelerating expansion include some form
of dark energy: Cosmological Constant, Quintessence, Dark Fluid or
Phantom energy. The latest WMAP data favours the cosmological
constant. The most important property of dark energy is that it has
negative pressure which is distributed relatively homogeneously in space.
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Another theory is that the momentum of radiating electromagnetic
waves/particles is responsible.

Phantom energy in a scenario known as the Big Rip causes an
exponentially increasing divergent expansion, which overcomes the
gravitation of the local group and tears apart our Virgo supercluster, it
then tears apart the Milky Way Galaxy, our solar system, and finally
even atoms. Measurements of acceleration are thought crucial to
determining the ultimate fate of the universe, however we should expect
the implications of such a major discovery to develop slowly over many years in the same way the big bang
model has continued to develop.

As the Universe expands, the density of dark matter declines more quickly than the density of dark energy (see
equation of state) and, eventually, the dark energy dominates. Specifically, when the volume of the universe
doubles, the density of dark matter is halved but the density of dark energy is nearly unchanged (it is exactly
constant for a cosmological constant).

High-z Supernova Search Team
Supernova Cosmology Project
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How Fast is the Universe Expanding?

The expansion or contraction of the universe depends on its content and past history. With enough matter, the expansion will slow
or even become a contraction. On the other hand, dark energy drives the universe towards increasing rates of expansion. The
current rate of expansion is usually expressed as the Hubble Constant (in units of kilometers per second per Megaparsec, or just
per second).

Hubble found that the universe was not static, but rather was expanding!

HISTORICAL OVERVIEW

In the 1920s, Edwin Hubble, using the newly constructed 100" telescope at Mount Wilson Observatory, detected variable stars in
several nebulae. Nebulae are diffuse objects whose nature was a topic of heated debate in the astronomical community: were
they interstellar clouds in our own Milky Way galaxy, or whole galaxies outside our galaxy? This was a difficult question to answer
because it is notoriously difficult to measure the distance to most astronomical bodies since there is no point of reference for
comparison. Hubble's discovery was revolutionary because these variable stars had a characteristic pattern resembling a class of
stars called Cepheid variables. Earlier, Henrietta Levitt, part of a group of female astronomers working at Harvard College
Observatory, had shown there was a tight correlation between the period of a Cepheid variable star and its luminosity (intrinsic
brightness). By knowing the luminosity of a source it is possible to measure the distance to that source by measuring how bright
it appears to us: the dimmer it appears the farther away it is. Thus, by measuring the period of these stars (and hence their
luminosity) and their apparent brightness, Hubble was able to show that these nebula were not clouds within our own Galaxy, but
were external galaxies far beyond the edge of our own Galaxy.

Hubble's second revolutionary discovery was based on comparing his measurements of the Cepheid-based galaxy distance
determinations with measurements of the relative velocities of these galaxies. He showed that more distant galaxies were moving
away from us more rapidly:

v = Hod

where v is the speed at which a galaxy moves away from us, and d is its distance. The constant of proportionality Ho is now
called the Hubble constant. The common unit of velocity used to measure the speed of a galaxy is km/sec, while the most
common unit of for measuring the distance to nearby galaxies is called the Megaparsec (Mpc) which is equal to 3.26 million light
years or 30,800,000,000,000,000,000 km! Thus the units of the Hubble constant are (km/sec)/Mpc.

This discovery marked the beginning of the modern age of cosmology. Today, Cepheid variables remain one of the best methods
for measuring distances to galaxies and are vital to determining the expansion rate (the Hubble constant) and age of the universe.

WHAT ARE CEPHEID VARIABLES?

The structure of all stars, including the Sun and Cepheid variable stars, is determined by the opacity of matter in the star. If the
matter is very opaque, then it takes a long time for photons to diffuse out from the hot core of the star, and strong temperature
and pressure gradients can develop in the star. If the matter is nearly transparent, then photons move easily through the star and
erase any temperature gradient. Cepheid stars oscillate between two states: when the star is in its compact state, the helium in
a layer of its atmosphere is singly ionized. Photons scatter off of the bound electron in the singly ionized helium atoms, thus, the
layer is very opaque and large temperature and pressure gradients build up across the layer. These large pressures cause the
layer (and the whole star) to expand. When the star is in its expanded state, the helium in the layer is doubly ionized, so that the
layer is more transparent to radiation and there is much weaker pressure gradient across the layer. Without the pressure
gradient to support the star against gravity, the layer (and the whole star) contracts and the star returns to its compressed state.

Cepheid variable stars have masses between five and twenty solar masses. The more massive stars are more luminous and
have more extended envelopes. Because their envelopes are more extended and the density in their envelopes is lower, their
variability period, which is proportional to the inverse square root of the density in the layer, is longer.
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by Allen Tough, Ph.D., University of Toronto
email tough @ ieti.org

How important is extraterrestrial intelligence? How diverse? Is it helpful, benign, or hostile? What are its
capacities? How should we respond? What will be the long-term consequences of contact? Can life and
intelligence survive forever?

Here are my thoughts on those questions.

Introduction

In recent years, scientists and the general public have realized that intelligent life may well be found
throughout the universe. We are probably not the only civilization in our galaxy; it may even contain dozens
or hundreds of civilizations scattered among its 400,000,000,000 stars. If we receive a richly detailed message
from one of these civilizations or have some other form of contact with it, the effects on our civilization could
be pervasive and profound.

The search for extraterrestrial intelligence (SETI) has now become reasonably mainstream within the
scientific enterprise (Angelo, 1985; McDonough, 1987). Radio astronomy's efforts to detect a signal or
message from another civilization are increasing rapidly. Cosmology may be shifting toward emphasizing life
throughout the universe, not just stars and sterile dust (Dick, 1988). Gallup polls find that 50% of adults
believe there is intelligent life beyond the earth.

Sometime in the future of human civilization, contact or interaction with intelligent life from somewhere else
in our galaxy will probably occur. It might occur next year, for instance, or 100 years from now. Our rapidly
increasing efforts make contact particularly likely within the next 20 or 30 years. Few events in the entire
sweep of human history would be as significant and far-reaching, affecting our deepest beliefs about the
nature of the universe, our place in it, and what lies ahead for human civilization. Seeking contact and
preparing for successful interaction should be one of the top priorities on our civilization's current agenda.

The Importance of Intelligent Life in the Universe

The study of the physical universe is very important. At the same time, many people who study cosmic
evolution and cosmology are realizing that the evolution of life and intelligence throughout that physical
universe is at least as important. Steven Dick (1988) has outlined a biophysical cosmology that emphasizes
life and intelligence as key components of the universe, thus redefining our place and significance in that
universe. Chaisson (1987), Harrison (1981), and Sagan (1980) have also emphasized the importance of
intelligent life throughout the universe.
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This is not a new idea, of course. The extraterrestrial life debate over the last 2400 years has been
documented by Crowe (1986) and Dick (1982). My own interest was sparked in 1963 when I heard a lecture
by pioneer Harlow Shapley and read his book The View from a Distant Star (1963).

Many astronomers, biologists, philosophers, and others now believe that the existence of diverse life
throughout the universe is a supreme value. That is, in the entire universe, nothing is of greater value,
importance, or significance than advanced civilizations and intelligent species?including our own, of course. If
asked, "What thing or idea is more important or valuable than diverse life throughout the universe, including
human civilization?" many people would reply, "Nothing; human and other intelligent life is the most
important thing in the universe."

Perhaps a similar answer will be given by human beings 100 or 1000 years from now, especially if interaction
with advanced extraterrestrials has occurred by then. Advanced extraterrestrials themselves might also give a
similar answer.

It is important to note that there is no conflict between a belief in a divine or supernatural God and a belief
that advanced life is the most important thing in the universe. God might well have created and nourished a
diversity of life throughout the universe. Indeed, God's own supreme value might well be this diversity of
flourishing life. Let me emphasize that human civilization, at present and in the future, is a significant part of
all life in the universe. For us, long-continuing human life is a supreme value of ultimate importance. Because
we do not yet, as far as we know, have contact with extraterrestrial life, our top priority at present must be
our own civilization. At the same time, however, we should continue and enlarge our present efforts to make
successful contact with intelligent life from some other part of this galaxy.

The fundamental importance of intelligent life in the universe can be confirmed by some of the thought-
provoking mental exercises in chapter 2. For instance, imagine that you are in some distant galaxy, viewing
our entire universe over many eons. From this perspective, what is of supreme importance? To me, it seems
most important that humankind and most other advanced species throughout the universe continue to survive
and flourish and develop.

Perhaps some sort of grand project is underway to spread highly positive life (marked by love, compassion,
cooperation, wisdom, intelligence, knowledge, harmony, and effectiveness) throughout the universe. We
cannot contribute much at present to the flourishing of extraterrestrial species but we can choose a flourishing
future for our own human species as one of our fundamental priorities. As Carl Sagan concluded in his
Cosmos television series, "Our obligation to survive and flourish is owed not just to ourselves but also to that
Cosmos, ancient and vast, from which we spring."

Diversity

How widespread and how diverse is the intelligent life that has evolved in various places in our galaxy?

An enormous amount of scientific literature has been written about these two questions. We are thinking here
of naturally evolved (not divine or supernatural) species that have reached at least our level of intelligence,
insight, knowledge, and culture. Among scientists who have studied the question, the general consensus is that
many intelligent species have developed throughout our galaxy at one time or another, and some of them may
still be alive today.

Here is a summary of the four main reasons supporting the likelihood that at least a few intelligent species
have evolved in our galaxy somewhere beyond our solar system.

1. The number of stars in our Milky Way galaxy (about 400,000,000,000) is so large that it is almost beyond
our imagination. A fair number of these stars probably have planets that are potentially hospitable for the
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development of life.

2. The incredible variety of life crowded together here on earth, ranging from microbes and moss to trees and
people, suggests a pervasive natural tendency for life to spring up and spread. Similar tendencies and
processes presumably pervade the universe, as do similar chemical and biological principles. The laws of
nature are universal and nature is generally uniform. There is no reason to suppose that our planet is the only
place suitable for life in the entire universe. Given the right conditions, life will develop on any suitable
planets or their satellites. Therefore, life has probably arisen in various places in our galaxy.

3. Rudimentary communication, social organization, tools, and intelligence have arisen independently in
several species on earth. At least one of these accomplishments can be found among chimpanzees, gorillas,
dolphins, whales, dogs, cats, and horses, for example. It does not seem farfetched, then, to assume that such
characteristics have arisen over time on other planets.

4. An extraordinarily advanced species in another galaxy might have figured out a way to cross the gap
between their galaxy and ours. Although this seems impossible to us within our present understanding of
physics, that understanding might someday be modified or transcended.

Several patterns of evolution, dispersion, and organization of advanced civilizations are possible in our galaxy.
Perhaps a single civilization long ago produced several settlements that then evolved independently and
became widely dispersed in the galaxy. Perhaps many species have independently developed intelligent
civilizations on various planets and are still alive, either communicating and interacting with others or not.
Perhaps a single civilization or federation has conquered or even eliminated all other civilizations except ours.
Perhaps most intelligent species have voluntarily merged their cultures or genes, thus becoming in effect a
single culture or species with internal diversity. We have to be careful not to assume that we know which of
these possibilities is the actual case: none are so implausible, absurd, or illogical that they should be crossed
off the list of possibilities.

We must also keep in mind that some of the intelligent life in our galaxy may be deeply alien to us. Their
thinking patterns, knowledge, emotions, bodies, perception, social organization, communication, and norms
may be even stranger than our strangest science fiction images. Some intelligent beings in our universe could
turn out to be silicon-based entities or supercomputers.

It may not be pure fiction to imagine intelligent life evolving even further, as it does in 2010 by Arthur C.
Clarke (1982). One species in that novel, beginning as flesh and blood, eventually learned to transfer their
brains and then their thoughts into shiny new homes of metal and plastic. Then they learned "to store
knowledge in the structure of space itself, and to preserve their thoughts for eternity in frozen lattices of light.
They could become creatures of radiation, free at last from the tyranny of matter. Into pure energy, therefore,
they presently transformed themselves. They could rove at will among the stars and sink like a subtle mist
through the very interstices of space" (p. 308).

Helpful, Benign, or Hostile?

If at least one form of advanced life somewhere in the universe is aware of us, what will their aims and
behavior be toward us? Will they be helpful, benign, or hostile?

In order to wrestle with this question, I used a combination of four methods (Tough, 1986). (1) One method
was an extensive search of potentially relevant literature, located through abstracts in three fields (astronomy
and astrophysics, aerospace, and physics) and through nine other bibliographic tools. (2) As any writer does, I
spent many days thinking about the various issues and possibilities. (3) When alone in my home, I held two
lengthy tape-recorded mock meetings in which a variety of advanced extraterrestrials expressed their views
on how to relate to fledgling civilizations, particularly humankind. The purpose of these two mental exercises
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was to empathically generate ideas about extraterrestrial aims and behavior. Although I spontaneously
created the various voices and views myself in a normal state of consciousness, a surprising diversity of views
arose on some of the issues because each view triggered another view. In 1988 I briefly repeated this exercise
twice. (4) In two classes at the University of Toronto, I conducted a tape-recorded meeting in which all the
people present played the role of advanced extraterrestrials. A printed agenda focused the discussion on
several major questions about helping the fledgling human civilization.

I concluded that most or all of the advanced civilizations in the universe avoid harming fledgling civilizations.
The cardinal principle guiding behavior toward all other civilizations is probably this: avoid unnecessary harm
and interference. Do not hurt any other civilization, nor hinder their development. If another civilization is
clearly about to break the cardinal rule (through a powerful attack or through spreading a plague, for
instance), and if this poses a definite and immediate threat to an advanced species, then it is permissible to
intervene powerfully and even harmfully in order to prevent this. Under any other circumstances, however,
an advanced civilization will probably not interfere harmfully in the development of another civilization.

There are several reasons for concluding that advanced beings are helpful or at least benign, and are unlikely
to harm fledgling civilizations such as ours. Here are the main reasons:

1. They still recall their own early history, including their primitive stages, their dark periods, and their follies;
therefore, they may feel sympathetic toward our foibles.

2. Anyone bent on capturing our planet would have done so long ago, before we despoiled it so much.

3. Any hostile civilization with advanced technology would have programmed its robot Replicator probes to
eliminate any potential civilization long before reaching the stage at which it could attack the Replicator; that
is, long before our present stage (O'Neill, 198l, p. 265).

4. Advanced civilizations are probably letting us develop freely, without interference, in order to maximize
the amount of information they gain; if they interfere and control us, they will learn less (Kuiper and Morris,
1977). Their greatest gain from us may be sociological and anthropological knowledge about our culture and
civilization.

5. Intelligent life forms that are destructively aggressive and irresponsible will usually eliminate themselves or
revert back to primitive conditions before they achieve interstellar communication or travel (Harrison, 198l).
If a ruthlessly hostile species manages to avoid these usual consequences of natural selection, and then
prepares for interstellar communication or travel, it may well be terminated by more advanced beings in the
galaxy. "How this is done is a matter of more than academic interest to the human race in the next few
centuries," adds Harrison, wryly (pp. 399-400).

How much help will they give us? Will they bother transmitting an encyclopedic radio message to us, for
example, or send detailed information to us by means of a spacecraft controlled by computers and robots or
by live beings?

Some advanced civilizations may decide to send us no help or information at all. Others may adopt a
low-budget approach. Particularly generous and altruistic civilizations may do a great deal to foster a rich
diversity of good, wise, intelligent, compassionate, harmonious life throughout their region of the universe.
Even the most generous civilizations, though, will not put this goal ahead of the survival and development of
their own culture. Indeed, if humanity blunders, deteriorates, and even becomes extinct, no other civilization
will mourn this as the worst possible tragedy. They might be about as upset as humanity would be if all whales
became extinct or if an earthquake sent Toronto to the bottom of Lake Ontario.

Age and Capacities
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Any other civilizations in our galaxy are probably much older than human civilization.

Two factors support this assumption. First, the vast majority of stars in our galaxy are much older than our
sun, many of them millions of years older. It follows, then, that any civilizations on planets revolving around
those stars likely arose much earlier than our own civilization did. Second, it seems quite possible that some
civilizations survive for a million years or even longer. If the civilizations in our galaxy range in age from a
few thousand years up to a million years old, then we are one of the youngest: by most definitions, human
civilization is not much more than 10,000 years old. Indeed, thinking of ourselves for a moment as a species
rather than as a civilization, we realize that several species on earth are 300,000,000 years older than we are
(Calder, 1983).

Because other civilizations in our galaxy are thousands of years older than human civilization, they have
probably advanced in certain ways beyond our present level of development. Some civilizations presumably
fail to survive once they discover nuclear weapons or other means of extinction, but surely others learn to
cope successfully with this problem and then survive for a very long time. Some of them may be 100,000
years or even millions of years more advanced than we are.

We cannot at present be certain about the particular capacities of highly advanced civilizations in our galaxy.
We can, however, make some thoughtful guesses based on established human knowledge (such as history and
futures studies) combined with intelligent speculation.

Our own progress has been very dramatic in several areas of life over the past 10,000 years. If we survive
another 10,000 years, it is highly likely that we will again make dramatic progress in several areas. When we
turn our attention to other civilizations that are 10,000 or even a million years older than we are, there can be
little doubt that some of them will be far beyond us in their biological, mental, technological, communication,
or travel capacities. Also, because they originated in bodies, physical environments, and social environments
that are vastly different from ours, their patterns of perceiving, thinking, and relating may be vastly different
from ours.

It is highly likely, therefore, that many of the capacities in the following list have already been developed by
one advanced civilization or another in our galaxy. It is unlikely that any one civilization will have all of the
listed capacities: it is quite probable, though, that each of these capacities (with one or two exceptions) exists
somewhere in our galaxy. We ourselves will presumably possess many of these capacities if we continue to
develop for another 10,000 years.

virtually unlimited energy (solar, nuclear, etc.)
technology and know-how that are so advanced that they would appear to us as miraculous
enormously evolved individual brainpower linked with a miniature implanted computer
the absence of individual and collective behavior that is violent, destructive, or harmful
loving cooperation, altruism, and compassion combined with sensible public decision-making
knowledge and wisdom unimaginable to us
excellent control over biological reproduction and evolution
the technological ability to send information, receive information, and observe across vast distances at
the speed of light
extremely rapid, accurate, versatile, and powerful weapons.

Such a list may strike us as unbelievable when we first read it. Would a human being 10,000 years ago,
though, have reacted any differently to a list of our present capacities? Electricity, airplanes, astronauts,
moon-walks, telescopes, selective breeding, television, microbes, hospitals, DNA, computers, universities,
skyscrapers, nuclear weapons, and many other aspects of today's world would have been dismissed 10,000
years ago as ridiculous or impossible. That was the time when the Ice Age ended, humanity's main crops
became domesticated, and the world's first town arose. Pigs, cattle, and horses had not yet been tamed 10,000
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years ago. Weaving, wagon wheels, and writing had not yet been invented. The Bronze Age and Iron Age had
not yet begun. Stone buildings, philosophy, and science still lay in the future (Calder, 1983). No wonder the
people of that time could not have anticipated today's capacities. For us, in turn, the actual capacities of a
civilization 10,000 years beyond us will probably make my list seem unimaginative. Their role in our galaxy
could be magnificent and pervasive.

What We Can Do

Information or advice from a highly advanced civilization, or even gaining knowledge about its
characteristics, could be extraordinarily beneficial to humanity. A great increase in our efforts to achieve
successful contact or interaction would be a very wise investment for us.

At an International Astronomical Union colloquium in Hungary, I spelled out 20 possible strategies that are
serious candidates for next steps in such efforts (Tough, 1988). Three assessments were provided for each
strategy: (1) the likelihood of success if it is given adequate funding and effort; (2) the magnitude of benefits
to human civilization if it is successful; and (3) the likely payoff from greatly increased efforts and resources.
Here I will simply summarize the strategies that emerged as particularly high priority. They can be grouped
into three clusters.

The first cluster emphasizes strengthening the whole field of study devoted to life in the universe. This field is
usually called bioastronomy, exobiology, or the search for extraterrestrial intelligence (SETI). One very useful
direction is to develop this entire field, its ideas, and their dissemination. Today this field may be one of the
most important scientific enterprises anywhere in our civilization in the sense that its potential benefits,
impact, and significance are so great. Although the bioastronomy field has made great progress in the past 15
years, it still lacks its own academic journal, its own annual international meeting, and its own multi-discipline
association. Another specific need is to study the likely capacities, aims, guiding principles, projects, help, and
methods of advanced extraterrestrials. (We have to figure out what they are like and what they are doing
before we can detect their messages. Each search strategy is based on major assumptions, rarely examined in
sufficient depth, about extraterrestrial technology and psychology.) Yet another specific need is to prepare for
contact or interaction that will be successful and beneficial. In particular, simulate possible scenarios, study
possible consequences, implement arrangements for immediate dissemination of anomalous data to other
SETI scientists, seek international agreement for activities (including possible replies) following the detection
of a signal, establish an international team to implement this agreement, and prepare to handle negative
possibilities (alien bandits, hostile warriors, deadly probes, a threatening message). People interested in
futures studies could contribute greatly to these various strategies.

A second major cluster of strategies is to search for richly detailed messages that have been transmitted from
far beyond the solar system. Such messages may be reaching earth right now. Detecting such a message is
certainly a high priority. Certain civilizations, at least at one stage of their development, may have broadcast
advice, knowledge, techniques, values, ethics, principles of social and political organization, religious beliefs,
even instructions for building something. Consequently, our society should continue our efforts to check
various possibilities within the electromagnetic spectrum.

The third cluster of strategies focuses on searching the solar system and our own planet. There are four
specific strategies. (a) It is quite possible that an intelligent civilization has chosen to send some sort of
automated probe to the solar system. The simplest type of probe or sonde (beyond a fast flyby that is unable
to stop) would park or cruise in the solar system and send data back to its home civilization. In addition, a
more complex probe might be programmed to release a significant detailed message to any beings who trigger
it by approaching it, by directing certain radio waves or laser beams at it, or by achieving an advanced state of
technology. Creative efforts to detect any type of probe are clearly high priority. (b) It is also important to
search the solar system for signs of intelligent beings (not just machines) and their activities. Such beings
presumably would have come here in a spacecraft, perhaps with a propulsion system that we have not yet
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discovered. We could search the asteroid belt and other parts of the solar system for signs of a space station,
space colony, parked spacecraft, mining operation, materials processing plant, or some other ongoing
astroengineering project. Waste heat could be a sign, for instance, and infrared data could yield valuable
clues. (c) During the past few decades, many people have claimed that they have seen an extraterrestrial
spacecraft and even its occupants. Upon investigation, most of these experiences turn out to be the result of
misperception, an inability to distinguish between fantasy experiences and reality, or even a hoax. There is a
chance, however, that a few of the past or future reports will turn out to be valid. Some additional effort
should therefore be made to study any promising cases or avenues. (d) We should try to create and develop
arrangements to obtain any potentially useful data from military, security, intelligence, and other government
agencies in various countries. Such data could include any inexplicable anomalies that might indicate
extraterrestrial surveillance or messages, for instance.

The Long-Term Consequences of Contact

An encyclopedic radio message, interaction with the intelligent computer in an automated probe, or some
other form of contact with another civilization could be a highly significant event in our future. It would
probably have an extraordinary and central impact on humanity's subsequent development. Whether this
impact occurs next year or several hundred years from now, it will likely affect our civilization profoundly at
the time and for several centuries afterwards. Indeed, as we look ahead at the long-term future of human
civilization, we realize that one of the highest-impact events of all time will probably be contact with another
civilization.

What will the specific effects of extraterrestrial messages, interaction, or intervention turn out to be? This is a
common theme in science fiction. Unfortunately, few nonfiction writers treat the question with much thought
or depth. There are stimulating and useful exceptions, however, such as Angelo (1985), Michaud (1977),
Prytz (1985), Regis (1985), Thatcher (1978), and hopefully Tough (1990).

Let us note the most likely long-term consequence if three common hopes and assumptions in the
bioastronomy field turn out to be correct. First, let us assume that sometime in the next few decades, our first
contact with any extraterrestrial civilization is a detailed radio message that covers a wide range of topics,
something like an encyclopedia. Second, let us assume that the message is not based on much knowledge
about us; it is not geared specifically to human civilization. Although this assumption may well be wrong
(Tough 1986), it is a common assumption today in the bioastronomy field. Third, we eventually decode the
message and make the translation freely available to everyone.

Four sorts of long-term consequences are particularly likely to result: (1) practical information; (2) new
insights about certain major questions; (3) a transformation in our view of ourselves and our place in the
universe; (4) participation in a joint galactic project. Let us examine each of these in more detail.

1. We might well receive practical information and advice that helps our human civilization to survive and
flourish. Possible examples include technology, transportation, a new form of energy, a new way of producing
food or nourishing ourselves, the importance of halting population growth, more effective governance and
social organization, fresh views on values and ethics, inspiration to shift direction dramatically in order to
achieve a reasonably positive future. The message might also bring home to people the importance of
eliminating warfare or at least eliminating weapons of extraordinary destruction. Viewing ourselves from an
extraterrestrial perspective might be very useful in alleviating our civilization's problems: it "might help us to
transcend our cultural conceits and political divisions and think constructively about our own global
civilization" (Finney, 1986, p. 9).

Such deep-seated changes will no doubt produce enormous disruption, at least for a short time. We might
suffer from massive culture shock and temporarily feel inferior or lose our confidence in our own civilization.
Disruption could also occur in the sciences, in business and industry if we learn about new processes and
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products, in the legal system if we move toward cosmic or universal laws, and in the armed forces and their
suppliers if we eliminate the threat of war. Such disruption will probably be tolerable and short-lived. It is best
regarded as simply the major cost we have to pay for incorporating new knowledge and possibilities.

2. We might gain new insights, understanding, and knowledge about major questions that go far beyond
ordinary practical day-to-day matters. Topics in an encyclopedic message could include astrophysics, the
origin and evolution of the universe, religious questions, the meaning and purpose of life. The message could
include detailed information about the sending civilization, which might be deeply alien to us, and about its
philosophies and beliefs. Similar information could be provided about several other civilizations throughout
our galaxy, too.

We might even receive a body of knowledge accumulated over the past billion years through contributions by
dozens of alien civilizations throughout the galaxy. "Included in this vast body of knowledge, something we
might call the `galactic heritage,' could be the entire natural and social histories of numerous species and
planets. Also included, perhaps, would be extensive astrophysical data that extend back countless millennia,
providing accurate insights into the origin and destiny of the Universe" (Angelo, 1985, p. 23).

What sorts of consequences will contact have for our religious ideas and institutions? A historical survey
found that several religions have already incorporated the idea of extraterrestrial life (Crowe, 1986). Although
some preachers may denounce an extraterrestrial message as the work of the devil or the Anti-Christ, others
will surely embrace it as further evidence of God's infinite greatness. Both religion and philosophy may be
beneficially stimulated by a message from an advanced civilization.

3. A richly detailed message from an alien civilization might transform our view of ourselves and our place in
the universe?even our ultimate destination. We might gain a much deeper sense of ourselves as part of
intelligent life and evolving culture throughout the universe.

Michaud (1977, p. 20) pointed out that "contact would be immensely broadening and deprovincializing. It
would be a quantum jump in our awareness of things outside ourselves. It would change our criteria of what
matters. We would have to think in interstellar, even galactic frames of reference.... We would leave the era
of Earth history, and enter an era of cosmic history. By implying cosmic future, contact might suggest a more
hopeful view of the universe and our fate."

4. We might eventually play a role in some joint galactic project in art, science, philosophy, or philanthropy.
Such a project might aim to solve fundamental mysteries of the universe, help other civilizations develop and
flourish, or spread harmonious intelligent life throughout the galaxy. We could participate in this project
through two-way radio messages, despite the length of time required for round-trip communication.

Angelo (1985, p. 23) has noted that contact "might lead to the development of branches of art and science
that simply cannot be undertaken by just one planetary civilization but rather require joint, multiple-
civilization participation across interstellar distances.... Perhaps the very survival and salvation of the human
race depends on finding ourselves cast in a larger cosmic role?a role far greater in significance than any
human can now imagine."

It is also possible that our culture will be overwhelmed by an advanced alien culture. However, all terrestrial
examples of contact between two cultures have involved physical contact rather than radio messages. Also,
terrestrial contact has usually involved territorial expansion by the stronger culture. "If contact has occurred
without aggression, the lesser culture has often survived and even prospered" (Angelo, 1985, p. 27). We
might well adopt portions of the alien culture but avoid being completely overwhelmed by it.

Can Life and Intelligence Survive Forever?
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If we look far enough into the future, we can imagine the end of our physical universe, at least in any form
that would support human life as we know it. We can imagine the universe expanding forever, becoming
colder and colder, until finally it is completely frozen, quiet, and barren. Alternatively we can imagine it
collapsing inwardly, becoming hotter and hotter, ending in a "Big Crunch."

Can life and intelligence somehow survive if the physical universe meets either of these fates? Intelligent life
will have countless billions of years to advance and change before there is any need to adjust to the various
stages of the "end" of the physical universe. By that time, at least in some parts of the universe, intelligent life
may have progressed so much that it can figure out how to avoid the extermination of all life, knowledge,
intelligence, and wisdom. Indeed, Freeman Dyson (1979, 1988) and Michael Michaud (1982) have already
explored some possible ways of achieving this. For instance, a huge, cooperative, galactic or intergalactic
project may find some method of altering the physical universe (or one portion of it) in some powerful and
massive way that will enable life to continue. A second possibility is that life itself will change and adapt in
ways that will permit it to continue forever. If it is true "that life is organization rather than substance, then it
makes sense to imagine life detached from flesh and blood and embodied in networks of superconducting
circuitry or in interstellar dust clouds" (Dyson, 1988, p. 107). Alternatively, some way may be found to break
out of this universe into another one, either existing parallel to it or arising subsequent to it. Perhaps the best
of our knowledge, intelligence, consciousness, or life can be transferred to this other universe.

As the result of the 137 equations presented in his 1979 paper, Dyson concluded in his 1988 book (p. 117)
that science provides a solid foundation for a philosophy of hope. "I have found a universe growing without
limit in richness and complexity, a universe of life surviving forever and making itself known to its neighbors
across unimaginable gulfs of space and time."
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The train of thought from this chapter eventually led on to Allen Tough's 2000 paper about five
promising strategies for achieving contact.
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Michio Kaku on April 30, 2010, 5:19 PM

The distances separating the stars are so vast that it would take a very advanced civilization—perhaps thousands
or even millions of years more advanced than ours—to bridge those distances. In other words,
any extraterrestrial civilization that visited us, hypothetically or in reality, would be using a technology that we
can only dream about here on planet Earth.

Most life forms in outer space are probably microbial, but a handful of them may be advanced enough to
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actually reach us. Now, from their perspective, we humans are the microbial life and we would simply not be
that interesting to them. I think this is one reason aliens don’t come here and say, “Take me to your leader, Earth
man.” An extremely advanced civilization visiting humans would almost be like humans going down to an ant
hill and telling them: "I bring you computers, I bring you nuclear power, I bring you knowledge…" Most of the
time we simply step on them instead.

Stephen Hawking’s recent statements in his new series “Into the Universe” on the Discovery Channel have
stirred up quite a few news stories in the past week. In fact, I will be appearing on Larry King Live tonight (4/30)
at 9 p.m. EST to speak about these statements. In the series, Hawking says: “If intelligent alien life forms do
exist out in the vastness of space, they might not be the friendly cosmic neighbors the people of Earth are
looking for. Such advanced aliens would perhaps become nomads, looking to conquer and colonize whatever
planets they could reach. If so, it makes sense for them to exploit each new planet for material to build more
spaceships so they could move on. Who knows what the limits would be?” Hawking adds: “We only have to
look at ourselves to see how intelligent life might develop into something we wouldn’t want to meet. I imagine
they might exist in massive ships…having used up all the resources from their home planet. Such advanced
aliens would perhaps become nomads, looking to conquer and colonize whatever planets they can reach.” In
closing, he says that all of our efforts to search and contact aliens could ultimately end in our own destruction.

So how many advanced civilizations could there possibly be? Back in the 1950’s and 60’s, astronomer Frank
Drake had the idea of searching for radio signals from intelligent life (intelligent enough to make radio
broadcasts, that is) in outer space. Drake's equation is taught in every elementary astronomy course as a
reasonable scientific estimate of the probability of intelligent races throughout the galaxy. It tries to estimate (N),
which is the number of civilizations in our galaxy with which communication may be possible.

In order to calculate this number, a variety of factors come into play, such as:

The average rate of star formation per year in our galaxy
The fraction of those stars that have planetsThe average number of planets that can potentially support life
per star that has planets
The fraction of the above that actually go on to develop lifeThe fraction of the above that actually go on to
develop intelligent life
The fraction of civilizations that develop a technology that releases detectable signs of their existence into
space
The length of time such civilizations release detectable signals into space

As Carl Sagan explained the Drake equation in his series "Cosmos," the number of technological civilizations
should literally number in the millions (in our galaxy alone). This view is challenged by the Fermi paradox, which
contrasts that expected number with the fact that ET hasn't phoned us yet, and perhaps suggests that
technological civilizations tend to destroy themselves rather quickly.If Hawking's predictions haven't scared you
off, there are a variety of projects which allow you to aid in the search for extraterrestrial intelligence.

One of the most popular is that of SETI@home which is a scientific experiment that uses Internet-connected
computers in the Search for Extraterrestrial Intelligence (SETI). You can participate by running a free program
that downloads and analyzes radio telescope data, "donating" your idle computer time to the task. Originally
intended as a short-run project with hopes of attracting 50,000 participants, it ended up achieving over 5 million
downloads, with 1/3 of those users using it at any given time. Thanks to this program, SETI can use millions of
computers around the world to analyze data from telescopes in real time—a feat it could never have performed
otherwise because its researchers are limited by the computing power they have on site. If you are interested in
helping narrow down the search and using your home computer to help analyze signals from outer space, please
download the BOINC program and start searching today. Who knows, your computer could be the one that
discovers the signal that ultimately proves the existence of advanced life forms in the universe.

So why haven't they visited or conquered us? No one knows, but I think:
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There are plenty of uninhabited planets with valuable resources to exploit, so they will likely leave us
alone.
They might be benevolent since they have had thousands to millions of years to work off their aggressive
tendencies.
Most likely, we are not on their radar screen. We may be too insignificant for them to make formal
contact.

We’ve all seen the portrayals of aliens in the movies—including "Close Encounters of the Third Kind," "Fire in
the Sky," "The Alien Trilogy," "Predator," "Independence Day," and "War of the Worlds"—and how most are
unpleasant, making for much more interesting plots on the big screen. Let’s hope that if in fact we have a visit
from an extraterrestrial civilization, it’s more like the one in Stephen Spielberg’s "E.T." than one in which aliens
try to blow up the planet and consume all our natural resources before we even have a chance to finish eating
our popcorn.
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Alex Maltsev on April 30, 2010, 5:24 PM
Yes - but due to red shift light cannot reach us from their data signals. And it also means worm holes don't exist
in the capacity that we theorize. If they did - red shift would not stop any advanced intelligence. But the known
universe should be teeming with simple lifeforms...

Thomas Cali on April 30, 2010, 5:42 PM
Look at it this way. What if these aliens are not really aliens after all? Perhaps it is what the human race
eventually evolves into. It is us looking back at ourselves. They simply cannot do anything to us, they watch and
observe us and remain hidden. I cannot imagine that they would actually welcome a meeting, especially with
today's society ... the way it is. After all, it appears that all throughout man's history, they have been there at
certain times. They were written about in cave drawings, talked about in the bible, etc. Was there ever any real
contact? Doubt it, it was simply science fiction. It made people see dollar signs. If you think about it, they might
create a paradox if they intercede with humans. So perhaps all they want to do is find another way to say "hey,
you are killing yourselves and the earth, and all the human race, so get it right!"

Jose Mortes on April 30, 2010, 6:29 PM
I believe that distances are so large in outer space that its highly improbable the contact with an improbable
advanced civilization. Maybe there is some kind of life out there, but i believe intelligence isnt very common in
the universe...dont ask. If there was somekind of alien nation it is very difficult we coincide in time, and if we do,
comunications would take thousands of years for a simple conversation. In the most improbable hipothesis that
contemplates that aliens have the technology to brake the laws of time and space to reach us i believe they
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wouldnt be violent to us but they would want to study our life form as life appears to be so rare. But honestly i
really believe there is no way and there will not be that we or our descendants will experience such a "contact in
the third phase". It is more factible that we disappear as specie before that. Hope not too soon... Pd: excuse my
english! :)

Charles Raynor II on April 30, 2010, 6:58 PM
I agree with Dr. Kaku's comments; Humans would not be very interesting to a race that could bridge the vast
distances in our universe. At best, we would be seen as a savage child race, and at worst, they would see us like
we see lab rats or insects. I feel that we will be the ones that eventually make first contact, but that won't be for
thousands, maybe millions of years, assuming the human race isn't wiped out by then....

Justin Duellman on April 30, 2010, 7:05 PM
It would be interesting to see what such knowledge of the physical world would do to the general psyche of a
spicies advanced enough to travel such distances. As most forms of life are simply driven by the perpetuation of
the spicies, most intraspecies killing is done do to crowding. Territory protection. Making it easier for one to pass
on their genes than another. If intelligent life could reach us would they have reason to wipe us from existence?
In the vastness of the known universe it seems we are just a small spec not impeding on much but our own
limitations. The small amount of energy within our planet pales in comparison to the energy output of the stars.
There are so much more awesome phenomena in the universe, even in our own galaxy, that if we're annihilated
by other intelligent life, it's most likely collateral damage.

Álvaro Cardoso on April 30, 2010, 7:21 PM
Excellent post, as usual from Dr. Kaku. And about the topic, well, i totally agree with it, and answers to the 2
questions i've sent few hours ago to CNN/Larry King. ;-) Good job! Keep the good work!! P.S. Dr. Kaku there is
a misstype in the sentence: "Most likely, we are not on their radar sceen." -> sceen -> screen. ;-)

Reptillian on April 30, 2010, 7:30 PM
Rate of star formation in the galaxy per year: based on the number of stars and the age of the galaxy, about 10
fraction of those stars that have planets: although planet formation seems to be a common part of star formation,
many star systems contain multiple suns that will cause any planets have chaotic unstable orbits...I think 1/4 is a
generous estimate Average number of planets per star that can support life: based on the solar system probably
1/50 is a reasonable estimate...its probably a much smaller number though Fraction that can support life that
ultimately go on to produce it: based on Earth's fossil history probably a number pretty close to 1 Fraction of
planets with life that develope intelligent life: since complex life appeared somewhere between 1-0.5 billion
years ago and life was apparently around for about 4-3.5 billion years, I'd say complex life only appears about
1/7 of the time so that would probably be a reasonable estimate...intelligence is a useful evolutionary advantage
Fraction of intelligent civilizations that develope technology: there are other intelligent life forms on Earth
besides humans, but they lack things like long life spans, manipulative appendages, abstract language, and social
structure...I'd say given cephalopods, dolphins, social insect colonies, apes, elephants (which I think are the non
primate organism most likely to form an intelligent civilization), and man. I'd say 1/6 isn't a bad
estimate...although, one could alternatively look at human history and see that we've only had technology for
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about the last 10,000 years...fossil evidence dates humans back to about 50,000-100,000 years so looking at that
ratio we still get around 1/5 to 1/10 so I stand with my 1/6 estimate from earlier Length of time a species
"broadcasts": Since technology has been around for about 10,000 years, it doesn't seem unreasonable to think
that "broadcasting" technology will subsist for at least another 10,000 years...I think thats a decent estimate
Multiply it all out and you get around 12 civilizations in our galaxy...however that was with an extremely
generous estimate of planets around stars that can support life I think. You have to remember that stars near the
galactic core will probably be unsuitable for life...that would probably reduce our estimate quite a bit...maybe by
about a fifth...so somewhere between 1 to 3 communicating civilizations in our galaxy...not very promising for
SETI

Darrell Kitchen on April 30, 2010, 8:22 PM
Yes, I do think there is life out there amongst the stars. No, I do not believe that it is ALL malignant. Depending
on the level of intelligence, and the path most have had to take to attain any advanced level of intelligence
hundreds, perhaps millions of years beyond our level of intelligence, I do believe that most, if not all will learn
from their own mistakes. And I also believe that most will have realized the path and come out not needing
external forms of technology in order to travel the great distances between star systems, let along between
galaxies, and also galactic clusters. They may have even realized that travel between universes is only a thought
away ... and have visited here many times, but not in space ships, or even traversable worm holes ... merely
collapsing time and space and re-establishing it where ever one wishes to be.

chevalier blanc on April 30, 2010, 8:28 PM
You are absolutely right. They are not only peaceful, but they come since very long time ago. Don’t forgot the
works of de Erich Anton Paul von Däniken best known for his claims about extraterrestrial influences on early
human culture, in books such as Chariots of the Gods. Däniken is one of the main figures responsible for
popularizing the paleocontact and ancient astronaut hypotheses. They watch us and do come only when we are
ready. Please consult www.rael.org !

Chris Tenaglia on April 30, 2010, 10:17 PM
Unless they can navigate by twisting n spherical dimensions to bypass the speed of light I don't think there is
much out there. And those distances ? Even a planet or star as fuel won't cut it. What if aliens/ufos spotted are
from earth ? Yeah, like under ground or undersea. Look at their eyes ! Adapted to dark places. Their ships
shining bright lights to piece the dark. They show up now because they see out technology as threatening. Their
ships probably use field resonance to tune in the place they want to appear at. Heck, smart aliens might just
blend in among us and enjoy the role playing. Or they might be waiting just out of sight and perception for us to
go extinct and then they can move into this paradise without and 'fallen ones'.

Brett Etheridge on April 30, 2010, 10:30 PM
I put this on the CNN website for questions to ask, but I'm not sure if it got through or not, I'm going to catch the
midnight showing and it's 10:22 right now. All the computer nerds I know keep talking about 3D printing. The
concept being that you have a 3 Dimensional printer that works on the same level as building atoms, only things
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like...a car, a tv (but we all know the first thing that would be printed would be sex robots, goddamn it
mankind)...building atomic complexes at a magnitude much higher than what we can even achieve in the most
advanced labs owned by governments.(which is why having this technology is not foreseeable anywhere withing
the next 200 years most likely. anyway, like light speed travel, it's doable, we just aren't advanced to figure out
how yet. But I'm assuming that if you can break the light speed barrier and probably go much faster like
advanced life would have to in order to reach our planet...then why would aliens be hostile towards us? If they
could create whatever they want from any matter out there, then they wouldn't need to go around collecting
resources, they would just make it there from the dirt on the ground. What I'm saying is that if aliens are
advanced enough to not just break the light speed barrier, but to build a ship that will transport them safely at
that speed if not much much faster...then what in the hell do they need with our pathetic planet? What resources
could WE possibly have that they would need or want? Human Beings on our planet would be like us
discovering an ant hill on mars; an incredible find that would make news all over the world, but in the end, "meh,
it's just an ant hill, whatever, hey kesha came out with a new song..." We (humans) have a VERY high opinion of
ourselves.

Albert de Einstein on April 30, 2010, 10:33 PM
1. Probability of life we would deem intelligent is 1 per galaxy per century. 2. Possibility of travel between
galaxies is 0. 3. Possibility of communication between intelligent species in other galaxies

Brett Etheridge on April 30, 2010, 10:36 PM
but honestly, from discovering that E=mc^2 to break the light speed barrier, there are more than enough things to
destroy an intelligent civilization. I think that's very likely. Another thing to take into consideration, if
gravitational lensing warps light...wouldn't it warp a radio signal far more, because once a radio signal is warped
it becomes destroyed completely...wouldn't that account for the absence of a radio signal? because in all honesty,
we have no idea what happens to radio signals once they interact with a large solar mass, we only send signals to
via relatively clear paths to satellites on the edge of our solar system. We are making A LOT of assumptions
here.

John St. Clair on April 30, 2010, 11:52 PM
The aliens, who created the human being, known as the Anunnaki (those who from heaven came to earth), did
mine gold in South Africa. The company Consolidated Goldfields found a 100-ton boulder wedged into the
mouth of a gold mine there. Because the Anunnaki astronauts enjoyed space travel more than dusty gold mining
in caves, they revolted which led EN.KI to find a substitute worker. Contact with over 1200 alien civilizations
has already been made, most of whom are very polite. The Gray aliens and the Piol Mantis, who are the pilots of
the Anunnaki motherships, are dangerous. One of the former NASA astronauts told me that we are a single-
planet species. This is untrue because we have been relocated to Earth II in the Pleiades. We also have the
underground MEPI (Mars Experimental Planetary Institute) Mars base which houses 600,000 human
inhabitants. Marsian pilots are flying our personnel to Mars in their spacecraft. Astronaut Gordon Cooper flies
the Beamship between the Federation's home planet and Earth II, albeit in a cloned body he was given by their
genetics laboratory. Every continent on earth has a large underground alien base. In the Caribbean islands there
are motherships that are four miles in diameter which sit submerged just below the ocean surface. We should
shift from obsolete rockets to this new technology of producing lift using space-time curvature and transporting
objects by teleportation. I think the real reason for Dr. Hawking recommending that we do not contact alien
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civilizations is that we will all of a sudden come in contact with their advanced technology and science which
will upset our present theories and make obsolete many of our technologies. For example, aircraft manufacturers
would see their aircraft and launch-rocket sales disappear. In talking with the former NASA astronauts, it is clear
that they have a romantic notion of flying in aircraft and on rockets, which does require great skill and daring.
Yet these technologies are obsolete. For the passenger, it would be much easier to walk into a wavy soft
space-time and be teleported instantaneously to another teleportation mall. Because earth participated with the
Pleiadian Federation in winning Revelations in 2001, earth can transition into the Federation at any time even
though their membership is closed at 600 planets. With this membership, earth can receive the Pleiadian
Beamship and Beamship simulators to train humans in flying this spacecraft. They will also send their transition
teams here to earth to help us make it through this period. Sources: Sitchin: The 12th Planet. Howe: An Alien
Harvest, front cover. Good: Alien Base. Nostradamus: Century 10, Quatrain 72 about the terror of the sky
returning in 1999. Queen Inanna returned in 1998. Puerto Rico Police Report: motherships. Basiago: new book
on teleportation and life on Mars. Pleiadian Comments: Obtained through remote viewing using remote viewing
amplifier. Former NASA astronauts talking about budget cuts at NASA. Teleportation by wormhole-propagating
gravitational wave, 100 meters through hyperspace. Employee: Consolidated Goldfields. Information on aliens:
earthfiles.com

Kyle Falcon on May 1, 2010, 1:06 AM
Just watched Larry King. Dan Aykroyd ruined a good and important scientific discussion. I am ENRAGED with
CNN right now. Why would they let that conspiracy nut on the program? What was even worse was he said
three times "I’m glad this is grounded in good science" and then continued to spew non-scientific nonsense. I
don't know who should be more embarrassed, CNN or Aykroyd. I'd also like to know what Dr. Kaku thought of
it, he of course was excellent as always.

Brett Etheridge on May 1, 2010, 1:10 AM
I find it no surprise that the gentleman from SETI on Larry King says that "aliens have not interacted with our
planet...therefor I need more funding". But I do think that it's ironic that the analogy is humans to advanced
aliens : mosquitoes to humans. Do mosquitoes know of our existence? do we do anything other than study the
mosquito in hopes of better understanding its biological role in our planet? So in the chance that there is
advanced alien life able to do all the things mentioned in physics of the impossible, wouldn't their stealth
involved 100% stealth in all spectrums of energy including light? "Why haven't we seen them at airports?"
because they're hundreds of thousands of years more advanced than we are, if they don't want us to detect them,
we won't detect them. Throughout our lives we've been trained to think of anyone who says they've seen an alien
as an ignorant hillbilly. Maybe that's the genius behind abducting moronic slack jawed yokels, they're too stupid
for anyone to believe that what they're saying is true. I wouldn't rule out the possibility that advanced aliens have
visited before, saw we were the equivalent of a bunch of primitive twits who will most likely destroy ourselves
with atomic power, and decided to come back for the video monitors later to see how we did it. But you do have
to wonder how all our ideas of the 20th century sprouted up overnight in science fiction and VERY quickly
afterward were made a reality...lasers, space travel, nuclear power, fusion(in 40 years, a-yuck yuck), invisibility
cloaks(half-assed as they may be) and the list goes on. Lasers especially, WHERE did that idea come from? who
was the originator of light beam weapons? I just wouldn't rule it out. Though the people who do believe in it
could go about presenting the idea in a much more dignified way.

Raymond Alvarez on May 1, 2010, 1:12 AM
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Fun to speculate. I favor a theory that an advanced civilization would have no more interest in having a
conversation with us than we would in speaking with an earthworm or lower form of life. Civilizations advanced
millions of years beyond ours may have found it more interesting to visit other dimensions. There could be a
terminal orbiting Jupiter as Arthur C. Clarke has speculated. Perhaps, like it is suggested in Sagan's Contact,
there is some achievement standard we have yet to meet. We are stranded here until we get it right. If there is
some alien race with some noble sense of galactic community, would it be responsible to hand over technology
to us? Would that be something like giving a revolver to a chimpanzee? I actually give us more credit than that.
We have managed to avoid blowing ourselves up for better than a half century. Probably just lucky. There could
be plenty of planets like ours, many uninhabited and therefore quieter and ideal for vacationing. We have been
tiding up, it's true. But that global warming thing everyone is all worked up about might have gotten us marked
off the list. So, we're boring conversationalists living on a trashy planet with a thermo problem. Sounds like a bad
night in Vegas.

Allen Everhart on May 1, 2010, 1:25 AM
The energetics of interstellar favor a payload of microscopic organisms such as bacterial or even viruses due to
the high ratio of information to mass of a molecule such as DNA. Such an "alien" could already be here in viral
form and we would never know it because we have only just begun to sequence viruses from the oceans. Next
time you get a cold you may in fact have been "body-snatched" by an alien from another planet ;-) Next time
you get a cold you might in fact be "body-snatched" by aliens from another world.

Elmer Gantry on May 1, 2010, 8:36 AM
If aliens are among us they must be without the means to communicate meaningfully. And if aliens did try to
communicate the language barrier would be impossible. In either case we cannot communicate, so all projects
toward this goal are useless.

Kyle Falcon on May 1, 2010, 12:50 PM
Brett, it's perfectly fine to speculate but the problem is evidence. You state: Throughout our lives we’ve been
trained to think of anyone who says they’ve seen an alien as an ignorant hillbilly. Maybe that’s the genius behind
abducting moronic slack jawed yokels, they’re too stupid for anyone to believe that what they’re saying is true.
It's no coincidence that the majority of people who claimed to be abducted or see UFOs are uneducated.
Astronomers look at the sky far more often than most people and we don't hear them talk about aliens because
they know when they are witnessing natural phenomenon. The evidence behind alien abductions are even more
silly, paralysis, shortness of breath and a presence in the room are all common staples of sleep paralysis, a real
medical phenomenon. There's a difference between putting someone on the show who understands science and
skepticism than putting someone on there who wastes there time with silly conspiracy theories. As Dr. Kaku
said, 5 percent of them are pretty strange but that doesn't mean they aren't natural.

Michael Horn on May 1, 2010, 7:19 PM
Our civilization will not be using radio signals for much longer. Maniuplating entangled particles will one day
provide instantaneous commincations over vast distances. When we look back at our use of radio waves in 100
years, we will laugh at the inefficiency today of blasting magnetic fields in every direction rather than targeting
an "antenna" or dish with laserlike precision. If an alien civilization looked for or sent out broadcast magnetic
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wave signals, it would have been only for a tiny fraction of their evolution - There is very little chance that we
would be sending out a signal during our century or two of inefficient magnetic wave usage (out of many
centuries of other communications methods we will soon employ as we venture into space)

Michael Horn on May 2, 2010, 1:16 AM
Just want to add, some might say there should at least be some accidental radio waves, a side effect of power
generation and distribution on large scales, interference so to speak. I also believe such a waste of energy is a
very short-term problem and within a century or two of any civilization working out how to distribute power
globally it will start being generated and distributed with zero waste - no heat, not magnetic fields, minimal
tunneling. If you look at the past 50 years,you can already see major improvements in efficiency in
communication, transportation, even temperature and light control. In the cosmic blink of an eye such
technologies will be nearly 100% efficient and there will be no signal left to be detected by lesser intelligent life
with their own SETI programs. We might still find someone out there, but we'd have better chances if we
concentrated on researching new theoretical methods of communication that could go faster than light.

Shalom Freedman on May 2, 2010, 4:16 AM
I don't buy the idea that a 'far more advanced civilization than ours' would have no interest in us. We are not
ants. And even ants are interesting. The first sign of Intelligence is curiosity. Why wouldn't any more advanced
civilization be interested in 'dialoguing' with us, or in investigating our culture and civilization? Does this mean I
believe that there are such civilizations? I do not believe my own 'belief' is very important. And in fact I do not
believe or not believe. I don't know. I think by the way that is truly the situation of humanity in regard to this
question. We don't know. And we don't know how long we will have to wait to know whether we know or not.
We don't even know how long or if we will be the ones to invent 'another kind of intelligent life' and begin
populating other places of the universe with it. My biggest question is what God thinks about all this, and
whether God is in fact helping us work towards some vast integration of civilizations which will turn all into
Consciousness and Mind.

Sava Gucunski on May 2, 2010, 4:35 PM
Hi everybody, Mr Kaku your mind is great!!!

Suzy Koscso on May 5, 2010, 7:22 AM
Dear Dr. Kaku! First of all I'd like to tell you that I am just reading your book "Hyperspace" and it's a really
amazing read and all those theories of physics captured my imagination and interest. I like the style it's written in
and the fact that you took time and effort to popularize and break down science for people like me, who are not
professional physicists or matematicians. I'm especially fascinated by the concept of parallel universes and
higher dimensions. Regarding this subject, I have to say I don't really agree with the argument that aliens don't
visit us because we are too insignificant for them - like ants are to us. If we find ant-like creatures or even just
bacteria, let's say, under the ice of Jupiter's moon, Europa, wouldn't that be VERY interesting to us, even if we
are a lot more advanced than those creatures? Unless they have discovered hundreds of others civilizations apart
from ours and we are the least significant and interesting of them all and that's why they haven't dealt with us
yet. I think there must be another reason - IF they exist at all. I also think about possible life in other dimensions.
Maybe these UFOs people report about come from other dimensions rather than other galaxies or solar systems?
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It (and also things I have read in your book) reminds me of one of my favourite cartoons from the '70s,
"Adventures of Aladar Mezga" (it's a Hungarian cartoon - I come from Hungary) and the part when Aladar visits
a two-dimensional planet: http://www.youtube.com/watch?v=5ye4Jy7E9TM http://www.youtube.com
/watch?v=pyEpnYxnrGo&feature=related Here Aladar is only able to communicate with the people of
"Flatland" through light signals. I wonder how higher dimension creatures could communicate with us?

Lou Majors on May 6, 2010, 12:40 PM
It could be 'us' if we can escape the primate mindset and evolve energetically. The top five questions we should
all ask ourselves: http://canweevolvenow.wordpress.com/2010/01/26/top-five-questions-you-should-
ask-yourself/

Robert Angus on May 7, 2010, 10:49 PM
Well I believe that there is intelligent life in the universe, because what exactly describes 'intelligent'? There may
be more advanced civilizations out there yes, but maybe we are intelligent. There is a lot more to know in the
universe than we know, and probably will ever know. So if we are the most advanced, there is still more
potential ahead, and if we are not, well, we will have to wait and see...

Eric C. Yust on May 8, 2010, 5:01 AM
....Food for thought.....Do you think the human race has another 10,000 years on this planet? 50,000 years?
1,000,000? Dr. Kaku made a great point in the above article by saying that "an advanced civilization tends to
destroy itself faster". Are we there yet? Or, on the other hand, do you subscribe to the theory that an advanced
species has worked through its aggressiveness and become completely benevolent?

Eric C. Yust on May 8, 2010, 5:01 AM
....Food for thought.....Do you think the human race has another 10,000 years on this planet? 50,000 years?
1,000,000. Dr. Kaku made a great point in the above article by saying that "an advanced civilization tends to
destroy itself faster". Are we there yet? Or, on the other hand, do you subscribe to the theory that an advanced
species has worked through its aggressiveness and become completely benevolent?

Vlane Carter on May 10, 2010, 5:09 AM
@ Eric. I don't completely agree that an advanced civilization would destroy themselves. I believe an advanced
alien species would find the next planet to live on. Exactly what we are plannong on doing. Our government
already have plans to turn Mars into another Earth in the next 100 years. Terra-forming is a way for us humans
to move to the next planet so we don't destroy ourselves. The rich people would be on Mars and us regular
people would be stuck on a badly decomposing planet, dying along with the other animals without an ozone
layer. I think we have another 500 years on this Earth. The government is looking for that next near Earth planet
within 100 light-years every day. Vlane Carter - Writer of the Bialien trilogy. www.bialien.com
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piotr wislinski on May 12, 2010, 8:03 PM
have any one of you seen movie"contact" i know that is just a movie bi tif we realy recive a signal from out of
space(it is the most posible way for the first contact(fot me))will we be able to decode it at all?it can be written
in language unanderstandable for us and even if we can do it can uou emagine all the political mess that it will
cause?and the problems that comes whit it?we are not ready for it.they know it as well.

piotr wislinski on May 12, 2010, 8:04 PM
have any one of you seen movie"contact" i know that is just a movie bi tif we realy recive a signal from out of
space(it is the most posible way for the first contact(fot me))will we be able to decode it at all?it can be written
in language unanderstandable for us and even if we can do it can uou emagine all the political mess that it will
cause?and the problems that comes whit it?we are not ready for it.they know it as well.

Brian Selvaggio on May 13, 2010, 9:56 PM
In every other universe-related subject, we're introduced to numbers teaming with a trail of zeros close behind.
And while it might be hard for me to fathom these sizable digits, I don't have a problem accepting them as
representing large scales of measurement. It is for this very same reason that I have come to the conclusion that
the universe is simply just to big, even for the most advanced "typed" civilization. That said, I don't think we're
alone in the grand scheme of things. But in our location of the ocean of universe, we may very well be just an
island of advancing mankind. Can you spot an ant colony in Switzerland from Hawaii? It's not so much to do
with the size of the ant as it is with the size of the ocean. I think the same applies to the Universe, imaginably
grander.

Don Rash on May 17, 2010, 5:14 AM
At the risk of boring anyone, I have a few thoughts to put out there. Some of these have been touched upon by
others, to some degree. Others I have yet to see any discussion on, so I'll start them, here. 1st, we can pretty
much all agree that the scientific community has determined that the Universe is approximately 13.7 billion years
old. That our solar system is about 4.5 billion years old. And that humans have been in existence, from our most
primitive form to modern humans, for about 3 million years. This is a VERY small fraction of the age of our solar
system, alone. From these figures, one can deduce that any intelligent life elsewhere in the Universe could be
anywhere from 3 million years LESS to as much as 9.2 BILLION years MORE advanced than us. Perhaps it is a
cosmic law of physics, one we obviously haven't yet discovered, that when a race becomes so advanced,
intelligently, it becomes a race of pure-energy beings (similar to the Ancients ascending in the Stargate SG-1
series). This energy may be of a type not detectable by our current instruments, unless they WANT us to detect
them. This may be one explanation for "lights in the sky", strange phenomena, or even ghosts. 2nd, Perhaps WE
are the most advanced race in the Universe and it is up to us to set the standard for all other forms of intelligent
life to reach. That's quite a challenge that's not without a little pressure. Let's hope we don't fail, if this is the
case. ;) 3rd, We just may be the product of a successful (or miserably failed) science experiment of a far more
advanced race. Perhaps the history of supposed visits are them just checking up on us. As for comparing us to
ants...I wouldn't go that far. I know we're not perfect (in many ways), but I'd like to think that we're at least a
little bit interesting, to some degree, anyway. I would say it would more likely be that we are to aliens (no matter
how much more advanced they are) as primates are to us. Look how we experiment with apes, especially
chimpanzees. If this is the case, then we need to consider another response of aliens discovering our existence. If
they did come here, physically (whether "in the flesh" or as AI machines), I would say they'd want to do some
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experiments on us (no, I don't mean sexual, although I CAN see some benifits of this, just like in the miniseries
"Taken"). And I don't think how we act towards each other would be much of an issue. After all, we see chimps
fight each other, in the wild, and even eat human babies they find unprotected. This is a very violent and,
especially, disturbing aspect of this group of apes (makes one want to reconsider getting one as a pet, eh?), yet
some do, indeed keep them as pets. Others (scientists) are trying to teach them to do tasks and even to
communicate (and succeeding, I might add). And, of course, others are teaching them to act in movies or
perform tricks in circuses. Why should it be any different for aliens when dealing with us? I know, I
know...they're alien so they would think differently than us, right? Why? I mean, most life deals with the basics:
consume sustenance for energy, getting rid of the excess; rest to recharge; procreate. Pretty much in that order,
too. Not just humans, either. ALL life we see on this planet is the same way, with the exception of resting as
some microbial organisms don't seem to rest. Why should life from other worlds be that much different? I'm no
biologist, so my numbers may be off, but I believe that all life on earth shares something like 60% of DNA.
Maybe this is true for all life in the Universe? Just some of my rambling thoughts. I'll shut up, now, and let others
chime in with their own theories on the subject...or thoughts about what I wrote, here. And thank you for your
time and patience if you were actually able to read all the way through this. lol

Don Rash on May 17, 2010, 5:22 AM
Sorry, one more thought. And this is from something I proposed, earlier. Maybe all of Earth is one giant zoo. It's
possible that all life on this planet was brought here from countless other planets as a time of preserve for study
and amusement. Maybe some race (or multitude of races) is/are trying to figure out the meaning of life and they
think they can get it from observing an entire ecosystem in action. Why not? After all, aren't some of us doing
this very thing on a much smaller scale? Could be...could be.

Alberto P. P.O on May 17, 2010, 3:05 PM
We are here, don`t we?

Eric C. Yust on May 28, 2010, 4:41 AM
@Vlane Carter.....I do agree with your theories of our government wanting to move to another planet, and that
we only have about another 500 years on this planet. But, It is a scientific fact, as you know, that in about 5
billion years our sun will swell and swell until it swallows mercury and venus and either fries earth or swallows it.
Either way we're screwed. Again that begs the question, will we even be here 5 billion years from now. In my
opinion,.......NO. I don't think we'll be here one million years from now. Whether it's from us destroying
ourselves, or migrating to another system. What are all your thoughts?

Eric C. Yust on May 28, 2010, 4:43 AM
BTW, Check out Dr. Kaku's new addition, Moments of Genius @ www.bigthink.com/genius.....it's genius!!!

John Plato on July 21, 2010, 6:12 AM
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I am a great fan of science and I always admired with it. And now I have many question but don't regarding the
article you have posted but I really don't know how and where to start. Chicago Mover

eddy jacobsen on August 20, 2010, 5:36 PM
They - "they" - have - and are - visiting us, and they do not look so very much different from us in appearance;
but talking about the inside of them, intelligence and logical abilities; there is a far cry between!!! The question;
is there anybody else out there is wrong; the right question is; How many are there out there I myself was one
early morning 2000 x-mas (not x-files) visited by one of them; I was in a daze for the rest of that day; like having
had anesthetic Woooh, don't tell a shrink about it. Have a good day folks; on Planet Earth and Planet far-away
www.youtube.com/onlinelondon
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(NaturalNews) Famed physicist Stephen

Hawking recently made headlines by

explaining that even though extraterrestrial

intelligence very likely exists in the universe,

we probably don't want to meet aliens any

time soon. "If aliens ever visit us," Hawking

said, "I think the outcome would be much as

when Christopher Columbus first landed in

America, which didn't turn out very well for the

Native Americans."

I agree completely. In fact, I've been

considering writing an article on this subject

for quite some time, but thought it would be

construed as "too pessimistic" by many

readers. But now that Hawking has opened

the door on this topic, here's my take on it.

The most successful societies are the
conquerors

Sad as it may seem, peaceful societies never

accomplish much in the way of spreading their culture, expanding their reach or

populating new lands (or planets). All the really peaceful cultures on planet Earth --

Tibetan Buddhists, Amazonian tribes, Native American Indians, Indigenous Australians --

were unilaterally wiped out by far more aggressive and violent cultures.

The Earth today is dominated by those religions and cultures that were expansionary and

aggressive in their ways. Aggressive populations always tend to destroy peaceful

populations, taking over their lands and resources, eventually ruling their people.

In looking at the universe, it's not difficult to realize that peaceful, docile planetary
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populations are extremely unlikely to ever visit other planets. They're not looking to expand

and they're quite content with where they are. So happy aliens, so to speak, are almost

certainly not the kind of aliens we are likely to see zipping around the universe and arriving

at our doorstep.

Angry, war-like aliens, on the other hand, are always looking to expand and conquer. They

are the ones who will "succeed" in the universe because they will constantly expand their

reach, take over other planets, and exploit more resources to drive their war machines.

These are the aliens we are far more likely to meet. That's Stephen Hawking's point, too.

What happens when alien conquerors discover Earth?

If you believe there are intelligent extraterrestrials zipping around the universe at faster-

than-light travel, then you quickly realize it won't take long before they discover Earth -- a

luscious planet filled with water, one of the most precious resources in the known

universe. Earth also contains various precious metals, too, that would likely be extremely

important for alien technologies.

Just as the U.S. invades other countries to acquire supplies of oil, extraterrestrial aliens

may decide to invade planet Earth to take our water, metals or even our DNA. This is not

an outlandish thought: It's actually the most likely context of any meeting with aliens.

We should assume, in other words, that if aliens actually come to visit Earth, they will

almost certainly be looking to exploit our planetary resources for their own continued

imperialistic expansion because only the expansionary aliens are likely to find us in the first

place.

And in such an encounter, it is extremely likely that alien weapons technology would vastly

out-perform our own defensive technologies, essentially leaving our planet defenseless. A

few Patriot missiles, in other words, won't stop alien anti-matter blasters or whatever they

happen to be firing our way. (Or they could probably just unleash an engineered

pandemic to wipe us out without destroying the natural habitat on the planet.)

It's also extremely likely that these expansionary, imperialistic aliens won't value human

life. Do modern American soldiers value the lives of Iraqi civilians? Did the crew of

Christopher Columbus value the lives of Native American Indians? Not at all: The legacy of

Columbus that's not taught in history lessons is that the man was a slaughterer of Native

American Indians who engaged in the most heinous crimes against the "savages." That

America actually continues to celebrate the Columbus Day holiday is yet another powerful

demonstration of how our culture worships violence, destruction and expansionary

imperialism.

Earthlings will likely be considered "savages" by any sufficiently-advanced alien race. We

should expect to be treated by them no more compassionately than the way in which we

have treated indigenous populations that inhabit our own planet.

What about an enlightened alien race?

It would seem more optimistic, of course, to suppose that some extraterrestrial intelligence

might be "enlightened." They would come to us in peace, the thinking goes, and they

would share their technology with us to cure cancer, end all disease, or whatever.

This is some fairly naive thinking, actually. If you look around our own planet, you see that
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the peaceful "enlightened" societies like the Tibetan Buddhists are routinely overrun

(murdered, imprisoned, etc.) by far more aggressive and militaristic societies like the

Communist Chinese. If you look at the history of planet earth (or even just the more recent

history of North America), enlightened populations haven't fared very well. Most have been

all but eradicated from the face of our planet, in fact, or placed on desolate reservations

that were only chosen because they were perceived to have no value in terms of natural

resources.

Peace, in other words, doesn't get you anywhere in the physical universe (although it

probably scores you karma points in other ways). Given any collection of neighborhoods,

towns, cities, nations or worlds, those who are most militaristic, violent and expansionist

are the most likely to end up dominating (and populating) the available living spaces.

Natural selection on the scale of the entire universe, in other words, favors those who

destroy others. Because of this unfortunate reality, we should only really expect to meet

intelligent extraterrestrials who are looking to destroy us. This isn't a radical idea... it's

actually the most logical conclusion.

I'm not advocating all this, by the way. It's just a sad reality of our physical universe. I wish

the more enlightened civilizations were more successful, but I don't see any evidence of

that.

Besides, Earthlings aren't really enlightened yet either. We are still basically an infantile

race of arrogant men with silly ideas about medicine, nature, sustainability and technology.

As we haven't yet learned to value the life of plants and animals on our planet, why should

we expect some alien race to value our lives?

Has the invasion already begun? (Humor section)

Here's a radical idea: What if the aliens have already arrived and are working among us to

destroy the human population right now in preparation for alien colonization?

This horrifying idea is portrayed quite dramatically in the recent television series "V" which

is actually a remake of a series of the same name from the 1980's in which alien reptilian

visitors were taking over Earth by posing as earthlings. See Wikipedia.

In the V series, aliens that look like humans take over key positions in politics, health care

and law enforcement, then they methodically enslave the human race.

The reason I mention this is because some writers and public speakers such as David Icke

have, for years, claimed that a reptilian race of aliens already lives among us, and that

people in key positions of power are actually reptilians. Obama is a reptile, the thinking

goes, and so was Bush.

It's hard to know what to make of such assertions. It would seem that if such lizard people

actually existed, somebody would have snapped a photo of one by now, or a video would

have appeared on YouTube. Or a lizard skull would have been apparent on a CT scan

somewhere along the line.

Unless, of course, you think that the reptilian alien conspiracy goes so deep that key

information censors on the internet (Google) are actually reptilian aliens themselves.

Come to think of it, the founders of Google, Sergey Brin and Larry Page, do look a little bit

like iguanas (http://scrapetv.com/News/News%20Pag...), but that's probably just
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Understanding the Evolution of Life in the Universe

HOW DID THE UNIVERSE START AND EVOLVE?

WMAP found that the universe is 13.7 billion years old. The universe began with an unimaginably enormous density and
temperature. This immense primordial energy was the cauldron from whence all life arose. Elementary particles were created
and destroyed by the ultimate particle accelerator in the first moments of the universe.

There was matter and there was antimatter. When they met, they annihilated each other and created light. Somehow, it seems
that there was a tiny fraction more matter than antimatter, so when nature took its course, the universe was left with some
matter, no antimatter, and a tremendous amount of light. Today, WMAP measures that there is more than a billion times more
light than matter.

WE AREN'T MADE OF HYDROGEN!

WMAP determined that about 4.6% of the mass and energy of the universe is contained in atoms (protons and neutrons). All of
life is made from a portion of this 4.6%.

The only chemical elements created at the beginning of our universe were hydrogen, helium and lithium, the three lightest atoms
in the periodic table. These elements were formed throughout the universe as a hot gas. It's possible to imagine a universe where
elements heavier than lithium would never form and life never develop. But that is not what happened in our universe.

We are carbon-based life forms. We are made of and drink water (H2O). We breathe oxygen.

Carbon and oxygen were not created in the Big Bang, but rather much later in stars. All of the carbon and oxygen in all living
things are made in the nuclear fusion reactors that we call stars. The early stars are massive and short-lived. They consume their
hydrogen, helium and lithium and produce heavier elements. When these stars die with a bang they spread the elements of life,
carbon and oxygen, throughout the universe. New stars condense and new planets form from these heavier elements. The stage
is set for life to begin. Understanding when and how these events occur offer another window on the evolution of life in our
universe.

WMAP determined that the first stars in the universe arose only about 400 million years after the Big Bang. But what made the
stars?

THINGS THAT GO BUMP IN THE NIGHT.

The motor for making stars (and galaxies) came early and was very subtle. Before the completion of the first fraction of a second
of the universe, sub-atomic scale activity, tiny "quantum fluctuations", drove the universe towards stars and life. With the sudden
expansion of a pinhead size portion of the universe in a fraction of a second random quantum fluctuations inflated rapidly from

Quantum Fluctuations are the random
nature of matter's state of existence or
nonexistence. At these incredibly small
sub-atomic scales, the state of reality is
fleeting, changing from nanosecond to
nanosecond.

WMAP- Life in the Universe http://map.gsfc.nasa.gov/universe/uni_life.html
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The Odds of Intelligent Life in the Universe
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When it comes to contemplating the state of our universe, the question likely most prevalent on

people’s minds is, “Is anyone else like us out there?”  The famous Drake Equation, even when

worked out with fairly moderate numbers, seemingly suggests the probable amount of intelligent,

communicating civilizations could be quite numerous. But a new paper published by a scientist

from the University of East Anglia suggests the odds of finding new life on other Earth-like

planets are low, given the time it has taken for beings such as humans to evolve combined with

the remaining life span of Earth.

Professor Andrew Watson says that structurally complex and intelligent life evolved relatively

late on Earth, and in looking at the probability of the difficult and critical evolutionary steps that

occurred in relation to the life span of Earth, provides an improved mathematical model for the

evolution of intelligent life.

According to Watson, a limit to evolution is the habitability of Earth, and any other Earth-like

planets, which will end as the sun brightens. Solar models predict that the brightness of the sun

is increasing, while temperature models suggest that because of this the future life span of Earth
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will be “only” about another billion years, a short time compared to the four billion years since life

first appeared on the planet.

“The Earth‘s biosphere is now in its old age and this has implications for our understanding of

the likelihood of complex life and intelligence arising on any given planet,”  said Watson.

Some scientists believe the extreme age of the universe and its vast number of stars suggests

that if the Earth is typical, extraterrestrial life should be common. Watson, however, believes the

age of the universe is working against the odds.

“At present, Earth is the only example we have of a planet with life,”  he said. “If we learned the

planet would be habitable for a set period and that we had evolved early in this period, then

even with a sample of one, we’d suspect that evolution from simple to complex and intelligent life

was quite likely to occur. By contrast, we now believe that we evolved late in the habitable

period, and this suggests that our evolution is rather unlikely. In fact, the timing of events is

consistent with it being very rare indeed.”

Watson, it seems, takes the Fermi Paradox to heart in his considerations. The Fermi Paradox is

the apparent contradiction between high estimates of the probability of the existence of

extraterrestrial civilizations and the lack of evidence for, or contact with, such civilizations.

Watson suggests the number of evolutionary steps needed to create intelligent life, in the case

of humans, is four. These include the emergence of single-celled bacteria, complex cells,

specialized cells allowing complex life forms, and intelligent life with an established language.

“Complex life is separated from the simplest life forms by several very unlikely steps and

therefore will be much less common. Intelligence is one step further, so it is much less common

still,”  said Prof Watson.

Watson’s model suggests an upper limit for the probability of each step occurring is 10 per cent

or less, so the chances of intelligent life emerging is low — less than 0.01 per cent over four

billion years.

Each step is independent of the other and can only take place after the previous steps in the

sequence have occurred. They tend to be evenly spaced through Earth’s history and this is

consistent with some of the major transitions identified in the evolution of life on Earth.

Here is more about the Drake Equation.

Here is more information about the Fermi Paradox.

Original News Source: University of East Anglia Press Release
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Edwin Hubble

For thousands of years, astronomers wrestled with basic questions about the size and age of the universe.
Does the universe go on forever, or does it have an edge somewhere? Has it always existed, or did it come
to being some time in the past? In 1929, Edwin Hubble, an astronomer at Caltech, made a critical discovery
that soon led to scientific answers for these questions: he discovered that the universe is expanding.

The ancient Greeks recognized that it was difficult to imagine what an infinite universe might look like. But
they also wondered that if the universe were finite, and you stuck out your hand at the edge, where would
your hand go? The Greeks' two problems with the universe represented a paradox - the universe had to be
either finite or infinite, and both alternatives presented problems.

After the rise of modern astronomy, another paradox began to puzzle astronomers. In the early 1800s,
German astronomer Heinrich Olbers argued that the universe must be finite. If the Universe were infinite
and contained stars throughout, Olbers said, then if you looked in any particular direction, your line-of-sight
would eventually fall on the surface of a star. Although the apparent size of a star in the sky becomes
smaller as the distance to the star increases, the brightness of this smaller surface remains a constant.
Therefore, if the Universe were infinite, the whole surface of the night sky should be as bright as a star.
Obviously, there are dark areas in the sky, so the universe must be finite.

But, when Isaac Newton discovered the law of gravity, he realized that gravity is always attractive. Every
object in the universe attracts every other object. If the universe truly were finite, the attractive forces of
all the objects in the universe should have caused the entire universe to collapse on itself. This clearly had
not happened, and so astronomers were presented with a paradox.

When Einstein developed his theory of gravity in the General Theory of Relativity, he thought he ran into
the same problem that Newton did: his equations said that the universe should be either expanding or
collapsing, yet he assumed that the universe was static. His original solution contained a constant term,
called the cosmological constant, which cancelled the effects of gravity on very large scales, and led to a
static universe. After Hubble discovered that the universe was expanding, Einstein called the cosmological
constant his "greatest blunder."

At around the same time, larger telescopes were being built that were able to accurately measure the
spectra, or the intensity of light as a function of wavelength, of faint objects. Using these new data,
astronomers tried to understand the plethora of faint, nebulous objects they were observing. Between 1912
and 1922, astronomer Vesto Slipher at the Lowell Observatory in Arizona discovered that the spectra of
light from many of these objects was systematically shifted to longer wavelengths, or redshifted. A short
time later, other astronomers showed that these nebulous objects were distant galaxies.

The Discovery of the Expanding Universe

Meanwhile, other physicists and mathematicians working on Einstein's theory of gravity discovered the
equations had some solutions that described an expanding universe. In these solutions, the light coming
from distant objects would be redshifted as it traveled through the expanding universe. The redshift would
increase with increasing distance to the object.

In 1929 Edwin Hubble, working at the Carnegie Observatories in Pasadena, California,
measured the redshifts of a number of distant galaxies. He also measured their
relative distances by measuring the apparent brightness of a class of variable stars
called Cepheids in each galaxy. When he plotted redshift against relative distance, he
found that the redshift of distant galaxies increased as a linear function of their
distance. The only explanation for this observation is that the universe was expanding.

Once scientists understood that the universe was expanding, they immediately
realized that it would have been smaller in the past. At some point in the past, the
entire universe would have been a single point. This point, later called the big bang,
was the beginning of the universe as we understand it today.

The expanding universe is finite in both time and space. The reason that the universe did not collapse, as
Newton's and Einstein's equations said it might, is that it had been expanding from the moment of its
creation. The universe is in a constant state of change. The expanding universe, a new idea based on
modern physics, laid to rest the paradoxes that troubled astronomers from ancient times until the early
20th Century.

Properties of the Expanding Universe

The equations of the expanding universe have three possible
solutions, each of which predicts a different eventual fate for

The Expanding Universe
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the universe as a whole. Which fate will ultimately befall the
universe can be determined by measuring how fast the
universe expands relative to how much matter the universe
contains.

The three possible types of expanding universes are called
open, flat, and closed universes. If the universe were open, it
would expand forever. If the universe were flat, it would also
expand forever, but the expansion rate would slow to zero
after an infinite amount of time. If the universe were closed, it
would eventually stop expanding and recollapse on itself,
possibly leading to another big bang. In all three cases, the
expansion slows, and the force that causes the slowing is
gravity.

A simple analogy to understand these three types of universes is to consider a spaceship launched from the
surface of the Earth. If the spaceship does not have enough speed to escape the Earth's gravity, it will
eventually fall back to Earth. This is analogous with a closed universe that recollapses. If the spaceship is
given enough speed so that it has just enough energy to escape, then at an infinite distance away from the
Earth, it will come to a stop (this is the flat universe). And lastly, if the ship is launched with more than
enough energy to escape, it will always have some speed, even when it is an infinite distance away (the
open universe).

The Fate of the Universe

For the last eighty years, astronomers have been making increasingly accurate measurements of two
important cosmological parameters: Ho - the rate at which the universe expands - and w- the average
density of matter in the universe. Knowledge of both of these parameters will tell which of the three models
describes the universe we live in, and thus the ultimate fate of our universe. The Sloan Digital Sky Survey,
with its large systematic measurement of the galaxy density in the Universe, should enable astronomers to
precisely measure the density parameter w.

The Heavy Elements

Astronomers are not only interested in the fate of the universe; they are also interested in understanding
its present physical state. One question they try to answer is why the universe is primarily composed of
hydrogen and helium, and what is responsible for the relatively small concentration of the heavier
elements.

With the rise of nuclear physics in the 1930s and 40s, scientists started to try to explain the abundances of
heavier elements by assuming they were synthesized out of primordial hydrogen in the early universe. In
the late 1940s, American physicists George Gamow, Robert Herman, and Ralph Alpher realized that long
ago, the universe was much hotter and denser. They made calculations to show whether nuclear reactions
that took place at those higher temperatures could have created the heavy elements.

Unfortunately, with the exception of helium, they found that it was impossible to form heavier elements in
any appreciable quantity. Today, we understand that heavy elements were synthesized either in the cores
of stars or during supernovae, when a large dying star implodes.

Gamow, Herman, and Alpher did realize, though, that if the universe were hotter and denser in the past,
radiation should still be left over from the early universe. This radiation would have a well-defined spectrum
(called a blackbody spectrum) that depends on its temperature. As the universe expanded, the spectrum of
this light would have been redshifted to longer wavelengths, and the temperature associated with the
spectrum would have decreased by a factor of over one thousand as the universe cooled.

The Cosmic Microwave Background Radiation

In 1963, Arno Penzias and Robert Wilson, two scientists in Holmdale, New Jersey, were working on a
satellite designed to measure microwaves. When they tested the satellite's antenna, they found mysterious
microwaves coming equally from all directions. At first, they thought something was wrong with the
antenna. But after checking and rechecking, they realized that they had discovered something real. What
they discovered was the radiation predicted years earlier by Gamow, Herman, and Alpher. The radiation
that Penzias and Wilson discovered, called the Cosmic Microwave Background Radiation, convinced most
astronomers that the Big Bang theory was correct. For discovering the Cosmic Microwave Background
Radiation, Penzias and Wilson were awarded the 1978 Nobel Prize in Physics.

After Penzias and Wilson found the Cosmic Microwave Background Radiation, astrophysicists began to study
whether they could use its properties to study what the universe was like long ago. According to Big Bang
theory, the radiation contained information on how matter was distributed over ten billion years ago, when
the universe was only 500,000 years old.

At that time, stars and galaxies had not yet formed. The Universe consisted of a hot soup of electrons and
atomic nuclei. These particles constantly collided with the photons that made up the background radiation,
which then had a temperature of over 3000 C.

Soon after, the Universe expanded enough, and thus the background radiation cooled enough, so that the
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Map of the sky as observed by COBE. The
map on the bottom shows the

temperature
variations of the background radiation.

electrons could combine with the nuclei to form atoms. Because atoms were electrically neutral, the photons
of the background radiation no longer collided with them.

When the first atoms formed, the universe had slight variations in density, which grew into the density
variations we see today - galaxies and clusters. These density variations should have led to slight variations
in the temperature of the background radiation, and these variations should still be detectable today.
Scientists realized that they had an exciting possibility: by measuring the temperature variations of the
Cosmic Microwave Background Radiation over different regions of the sky, they would have a direct
measurement of the density variations in the early universe, over 10 billion years ago.

Density Variations in the Early Universe

In 1990, a satellite called the Cosmic Microwave
Background Explorer (COBE) measured background
radiation temperatures over the whole sky. COBE found
variations that amounted to only about 5 parts in
100,000, but revealed the density fluctuations in the
early universe.

The initial density variations would be the seeds of
structure that would grow over time to become the
galaxies, clusters of galaxies, and superclusters of
galaxies observed today by the Sloan Digital Sky Survey.
With the Sloan data, along with data from COBE,
astronomers will be able to reconstruct the evolution of
structure in the universe over the last 10 to 15 billion
years. With this information, we will have a deep
understanding of the history of the universe, which will
be an almost unbelievable scientific and intellectual
achievement.

But measuring the evolution of the density variations in
the universe still does not answer the most important
question: why does the universe contain these differences
in density in the first place? To answer this question,
astronomers and astrophysicists must understand the
nature of the density variations and construct theories of
the origin of the universe that predict how these
variations should occur.
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Copyright (c) 2000 by Gary Felder

I: Introduction

In 1929 an astronomer named Edwin Hubble announced a remarkable observation that changed our view of
the world more than almost any other single discovery made this century. In every direction he looked, every
galaxy in the sky was moving away from us. The nearby ones were moving relatively slowly, but the farther
away a galaxy was the faster it was heading out. What can account for our great unpopularity? Is our galaxy
somehow different from all others?

It turns out that there is another, arguably simpler explanation that is well supported by many other
observations. It is that the entire universe itself is expanding! As I will explain below, this expansion means
not only that we should see every other galaxy moving away from us, but that observers in another galaxy
should see exactly the same thing. In a uniform expanding universe, every observer sees herself at the
center of the expansion, with everything else moving outwards from her.

This statement forms the basis of our current theories of the structure and history of the universe. The study
of the overall structure of the universe is called cosmology. The theory that has come to dominate cosmology
since Hubble's observations goes by several names, but is most commonly known as the big bang model. (As
I will explain later, this name is somewhat misleading, but owing to its widespread acceptance I will continue
to use it.)

This paper describes the big bang model. Section II describes what it means to say the universe is expanding,
and subsequent sections address some questions that commonly arise in connection with the model.

In Section III I discuss whether the universe is infinite or finite. While we don't yet know the answer to this
question, Einstein's general theory of relativity predicts that finite universes contain a larger density of matter
than infinite ones, so by measuring the density in the universe we should hopefully be able to make the
determination. I conclude this section by describing what it would mean for the universe to be infinite or
finite.

In Section IV I talk about the origin and history of the universe. As the universe expands and galaxies move
apart from each other the average density is decreasing. If we extrapolate the expansion backwards we
conclude that there was a time roughly 10-15 billion years ago when the density was nearly infinite. In this
section I briefly outline the history of the universe from that time to the present.

In Section V I continue the story, describing what relativity theory predicts will happen to the universe in the
future. The two possibilities are that the universe will continue to expand forever or that it will eventually
slow down and begin contracting. The theory tells us that which one will happen depends on whether or not
the average density of the universe exceeds a certain value, the same value that determines whether the
universe is infinite or finite. Relativity predicts that an infinite universe will continue to expand forever,
whereas a finite universe will expand for a finite time and then contract. I conclude by describing these two
scenarios.

The paper is followed by a series of endnotes that discuss other issues, including evidence for the big bang
model as well as possible problems with it and the proposed solutions. It is not necessary to read the endnotes
to understand the rest of the paper.
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II: The Expanding Universe: An Overview

Simple analogies can clarify what it means for the universe to expand, but they can also be misleading. I will
make heavy use of one analogy, attempting to point out its shortcomings as I proceed.

Think of the universe as a rubber sheet being stretched out. (If you are comfortable with visualization in three
dimensions you can imagine a raisin cake expanding instead, but for the purpose of illustration I will stick
with the two dimensional case.) Now imagine that there are thumbtacks stuck into the rubber at various points
representing galaxies. (In the raisin cake analogy these would be the raisins.) As the rubber (the universe) is
stretched (expands), the thumbtacks (galaxies) all get farther apart. Note that I haven't said anything yet
about how big the rubber sheet is. For all we know it might be infinite. (This point will be addressed in a later
section.) What I mean when I talk about expansion is that the rubber is being stretched out, causing the
distances between the thumbtacks to increase.

To see what this expansion should look like to us, imagine an observer sitting on one of the thumbtacks. This
observer imagines himself to be at rest and measures all movement relative to his thumbtack (galaxy). Since
the distance between any two thumbtacks is increasing, it will appear to him that all the other ones are
moving away from him. How fast will another thumbtack appear to move? That depends in part on how fast
the rubber sheet is being stretched out, i.e., how fast the universe is expanding. In addition, however, the
apparent speed of the other thumbtacks is also dependent on their positions relative to the observer. The
nearby thumbtacks will appear to be moving away very slowly, whereas the distant ones will appear to be
moving away much faster. To see why this is so, suppose the rubber sheet doubles in size in one second.

The thumbtack that began one foot away from you is two feet away, meaning it appears to have moved by a
foot. Its apparent velocity is therefore 1 foot per second. In the same time the thumbtack that started out
three feet away also ends up twice as far away (six feet), but this means that it appears to have moved away
at three times the speed of the first thumbtack (three feet per second). In terms of the expanding universe, this
means that not only will every galaxy appear to be moving away from us, but the speed with which it does so
will be directly proportional to its distance from us. A galaxy that is four million light years away will have
twice the apparent velocity of one that is two million light years away.

This pattern is precisely what Hubble observed. Not only did he see that all distant galaxies are moving away
from us and that the more distant ones are moving away more rapidly, but he found that the rate at which
they were receding from us was proportional to their distance from us. In short, his observations exactly

matched what we just predicted for an expanding universe. This proportionality is known as Hubble's Law.1

A problem arises when we consider an expanding universe. Suppose everything in the universe were to
double in size. The distances between galaxies would double, the size of the Earth would double, the size of
all our meter sticks would double, and so on. It would seem to an observer (who will also have doubled in
size) as if nothing had happened at all. So what do we mean by saying the universe expands?

In fact, not everything grows as the universe expands. In the example of the rubber sheet, the distance
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between thumbtacks keeps increasing but the thumbtacks themselves remain the same size. Similarly, while
distant galaxies are pulled away from each other by the expansion, smaller objects like meter sticks, people,
and the galaxies themselves are held together by forces that prevent them from expanding. So we expect that
billions of years from now galaxies will still be roughly the same size they are today, but the distances
between them will on average be much larger.

III: Infinite or Finite

People have wondered for millennia whether the universe is limited in size or goes on forever. Fortunately we
now have modern science to step in and supply us with the answer, which is that we don't know.

We believe that the universe is governed by Einstein's theory of general relativity, which among other things
addresses such matters as the overall structure of the universe. In the early 1920s Alexander Friedmann
showed that using one assumption (which I discuss below), the equations of general relativity can be solved to
show that a finite universe must have a larger density of matter and energy inside it than an infinite universe

would have.2  There is a certain critical density that determines the overall structure of the universe. If the
density of the universe is lower than this value, the universe must be infinite, whereas a greater density would

indicate a finite universe. These two cases are referred to as an open and closed universe respectively.3

The critical density is about 10-29 g/cm3, which is equivalent to about five hydrogen atoms per cubic meter.4 

This may not seem like a lot; by comparison the density of water is roughly 1 g/cm3 or about 500 billion
billion billion hydrogen atoms per cubic meter. However, we live in a very dense part of the universe. Most of
the universe is made up of intergalactic space, for which a density as low as the critical density is plausible.

Aside from the theory of relativity itself, Friedmann's only other assumption in deriving his results was that on
average the density of the universe was the same everywhere. This doesn't mean that every place in the
universe is exactly the same. I already mentioned that the Earth is much more dense than space. However, if I
measure the average density in our galaxy it will be about the same as the average density in any other
galaxy, and the number of galaxies per unit volume should be roughly the same in different parts of the
universe. This assumption matches all our observations to date. Individual galaxies differ from one another in
some of their specific properties, but on average their properties don't appear to change from one region of
the sky to another. Nonetheless, the idea that the universe is roughly the same everywhere—a property
known as homogeneity—is still an assumption. We can probably only see a tiny fraction of the universe and
we have no guarantee that the parts we cannot see look like the parts we can. Lacking any evidence to the
contrary, however, we will assume that the property of homogeneity holds true.

So we should be able to answer the question of the universe being infinite or finite by measuring the density
of everything around us and seeing whether it is above or below the critical value. This is true in principle,
and measuring the average density of the universe is a very active field of research right now. The problem is
that the measured density turns out to be pretty close to the critical density. Right now the evidence seems to
favor an infinite universe, but it is not yet conclusive.

To recap, one of the assumptions of the standard big bang model is that the universe is more or less
homogeneous—the same everywhere. As far as we can see, which is billions of light years in every direction,
this assumption appears to be correct. Under this assumption general relativity says that whether the universe
is infinite or finite depends on its density. Measurements of that density reveal that it is close to the critical
value. Right now the data seem to point more towards an open (infinite) universe, but new data coming in the
next 10-20 years should resolve the question much more definitively.

Given our uncertainty about this question, I will say a few things about what it would mean if the universe is
infinite or finite and how those two possibilities relate to the idea of the universe expanding.
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An infinite universe is in some ways easier to imagine than a finite one. Since the universe is supposed to be
everything that exists, it seems intuitive that it should go on forever. Of course an infinite universe is
impossible to picture, but we can get at what it means by saying that no matter how far you go there will
always be more space and galaxies. It is hard, however, to reconcile this picture with the idea that the
universe is expanding. If it's already infinite, how can it expand?

To see how, remember that by expansion we mean that the distance between galaxies is increasing. Suppose
right now there is a galaxy every million light years or so. After a long enough time this infinite grid of
galaxies will stretch out so that there is a galaxy every two million light years. The total size of the universe
hasn't changed—it's still infinite—but the volume of space containing any particular group of galaxies has

grown because the separation between the galaxies is now larger.5

What about a finite universe? This phrase sounds like a contradiction because if the universe ends somewhere
then we would naturally want to know what was beyond it, and since the universe includes everything,
whatever is beyond that edge should still be called part of the universe. The resolution of this paradox is that
even if the universe is finite, it still doesn't have an edge. If I head off in one direction and resolve to keep
going until I find the end of the universe, I eventually find myself right back where I started. A finite universe
is periodic, meaning that if you go far enough in any direction you come back to where you started.

Trying to picture a closed (finite) universe is in some ways even harder than trying to picture an open
(infinite) universe because it is easy to mislead yourself. For example, people often compare a
two-dimensional closed universe to the surface of a balloon. This analogy is helpful because such a surface
has the property of being periodic in all directions, and it is easy to picture the expansion of such a universe
by imagining the balloon being blown up. In fact, this analogy is like the rubber sheet analogy I used before,
except now the sheet has been wrapped up to form a sphere. The problem is that this picture immediately
leads to the question of what is inside the balloon.

This question comes from taking the analogy too literally. Nothing in general relativity says that a
two-dimensional closed universe would have to exist as a sphere inside a three-dimensional space; the theory
only says that such a universe would have certain properties (e.g. periodicity) in common with such a sphere.
For this reason I think it is useful to keep the balloon in mind as a convenient analogy but it is ultimately best
to think of the closed universe as a three-dimensional space with the strange property that things which go off
to the right eventually come back again from the left.

What does expansion mean in a closed universe? Since this universe has a finite size, it makes sense to talk
about that size increasing. Again suppose that there is now a galaxy every million light years. Suppose also
that if I were to head off in a straight line I would travel 100 billion light years before coming back to where I
started, passing about 100,000 galaxies on the way. If I take the same journey billions of years later, the
number of galaxies won't have changed but the distances between them will have doubled, so the total

distance for the round trip will now be 200 billion light years.6

IV: The Big Bang & the History of the Universe

At the beginning of this century, physicists generally had a strong bias toward the idea that the universe was
essentially unchanging. Local phenomena would of course change from minute to minute, and stars and
galaxies might be born and die, but taken as a whole the universe was assumed to be more or less the same
now as it had been billions or trillions of years ago, with no beginning or end. Einstein, disturbed that his
theory of general relativity seemed to be inconsistent with a static universe, tried to modify the equations of
the theory. When Hubble's observations showed that the universe was indeed expanding, Einstein retracted
this modification and called it the biggest blunder of his life.
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Given that the universe is growing, the question of whether the expansion started at some point in the past
inevitably arises. Our current theories say the expansion did have a beginning. This section discusses why we
believe this and what it means to even say so. It also contains a brief outline of the history of the universe
from that beginning to the present day.

The Big Bang

To see what it means to say the universe had a beginning, consider a group of galaxies chosen at random
throughout the universe. The illustration below shows five galaxies as they appear now and as they would
have appeared at several times in the distant past. At some point in the past (about 6-10 billion years ago), all
of these galaxies would have been half as far apart as they are now. At an earlier time they would have been
half as far apart as that, and so on. If you extrapolate this process backwards you eventually come to a time in
the past when the galaxies would have been right on top of one another. Put another way, the density of
matter (or energy) in the universe was higher at earlier times, and extrapolating this process backwards we
come eventually to a time when that density would have been infinite. This moment of infinite density is

called the big bang.7

Having defined the moment of the big bang in this way—the time when all distances between objects were
zero—I am not going to talk about that time. A point of infinite density, known in physics as a "singularity,"
makes no sense. Moreover, our current theories do not predict that such a moment occurred in the past. Our
best physical theories, including general relativity and quantum mechanics, stop working when we try to
describe matter that is almost infinitely dense. That word "almost" is important. The theories don't simply
break down at the instant of the big bang singularity; rather, they break down a short time afterwards when
the density has a certain value called the Planck density.

The Planck density, which is the highest density we can hope to describe with our current physics, is over

1093 g/cm3, which corresponds to roughly 100 billion galaxies squeezed into a space the size of an atomic
nucleus. For virtually any application we can imagine this limitation of our theories is completely irrelevant,
but it means we can't describe the universe immediately after the big bang. We can only say that our current
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model of the universe begins when the density was somewhere below the Planck density and we can say
virtually nothing about what the universe was like before that. We therefore take as our initial condition a
universe at or just below the Planck density, and any questions about the instant of the big bang itself are
eliminated from consideration.

Is this a cop-out? It certainly is. Physicists have not given up on understanding what happened before this
time, but we admit that right now we have no theory to describe it. Many people are working to develop such
a theory, but until that happens we are left having to start our description of the universe when the density
was large but still finite.

Once we impose this limitation on ourselves, our picture of the universe works equally well for an infinite or a
finite universe. If the universe is finite then it may very well have been extremely small at the moment when
the density was at the Planck level. If the universe is infinite then it was also infinite at that early time. The
density was enormous and the distances between particles vanishingly small, but that dense mass of particles
went on forever.

The History of the Universe

Describing the history of the universe is obviously a fairly large task, so I will content myself with mentioning
a few highlights. For a very good description of much of the early history I recommend the book The First
Three Minutes by Steven Weinberg.

At the moment when the density of matter equaled the Planck constant, the universe consisted of a hot soup
of elementary particles. When I say this medium was hot that means that the particles, on average, had very
high energies. All of the fundamental particles such as quarks, electrons, and photons were present. At
present these particles are mostly combined into larger units such as atoms, molecules, penguins, and so on,
but at the extremely high temperatures of the early universe they remained separate. If several particles were
to have combined into a more complicated structure such as an atom they would have been instantly ripped
apart in collisions with the high energy particles flying around everywhere. As the universe expanded, the
density and temperature of this mixture decreased. After a small fraction of a second the quarks combined
into protons and neutrons in a process called baryogenesis. A few minutes later the protons and neutrons
combined into atomic nuclei in a process referred to as nucleosynthesis. Hundreds of thousands of years later
these protons and neutrons combined with electrons to form atoms. This last process is called recombination
(despite the fact that particles had presumably never been bound into atoms before).

In the period of recombination the universe was still almost perfectly homogeneous, meaning that the density
was the same everywhere. While the density still is the same everywhere when averaged over huge regions of
space, it certainly varies locally. The density of the Earth is vastly larger than the density of interstellar space,
which is in turn much greater than the density of intergalactic space. In contrast, the difference in density
between the most and least dense regions at the time of recombination was about one part in 100,000.
Between then and now the clumping of matter into galaxies, stars, etc. took place.

The mechanism by which this clumping occurred is fairly simple, although its details continue to be studied
and debated. At the time of recombination the universe consisted of a nearly uniform hot gas with regions
very slightly denser than the average and others very slightly less dense. If the density had been exactly the
same everywhere then it would have always stayed that way. However, a region slightly denser than the
surrounding gas would have a stronger gravitational attraction, and mass would tend to flow into it. This
process would make this region even denser, causing it to attract matter even more strongly. In this way the
almost uniformly dense universe gradually became less and less uniform, resulting in the dense clumps of
matter we see around us now. On a fairly large scale these clumps make up galaxies, and matter that clumped
on a smaller scale makes up the stars inside those galaxies. A very small portion formed into smaller objects
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orbiting around those stars and a small portion of that matter formed into people reading physics papers on
the Internet.

V: The End (?) of the Universe

Hubble's observation that the universe is expanding suggested more generally that the universe is changing
with time. As in most subjects, we know more about the past than we do about the future, but if we assume
that our current physical theories are correct then we can predict a great deal about the future of our universe.
Is the universe going to exist forever or will it someday come to an end as it began? Put another way, will the
expansion of the universe continue forever? If the universe keeps on expanding it will presumably continue to
exist for an infinitely long time. On the other hand, if the expansion ever stops, then the universe will contract
until it once again reaches the Planck density (and after that we have no idea what it will do). In what follows
I will explain what determines which of these scenarios is going to occur and say more about what each of
them means.

We know from general relativity that expansion of the universe is slowed down by the mutual gravity of all
the matter inside it. Whether or not the expansion will continue forever depends on whether or not there is
enough matter in the universe to reverse it. If the density of matter in the universe is less than a certain critical
value, then the universe will never stop expanding. If, on the other hand, the density of matter is greater than
the critical value, then the pull of gravity will eventually be strong enough to stop the expansion and the
universe will begin contracting. In Section III we saw that whether or not the universe is finite or infinite
depends on whether the density of matter is above or below a critical value. That value turns out to be exactly
the same as the critical value that determines whether or not the expansion will reverse. In other words,
general relativity says that an open (infinite) universe will expand forever and a closed (finite) universe will

eventually recollapse.8

If the universe expands forever, the clusters of galaxies in it will move farther and farther apart. Eventually
each galaxy cluster will be alone in a vast empty space. The stars will burn out their fuel and collapse, leaving
nothing but cold rocks behind. Eventually these will disintegrate as well. This whole process will take an
unimaginably long time but it will occur eventually, and the universe will thereafter consist of nothing but
loosely spread out elementary particles. All of the energy in the universe will then be distributed in a more or
less uniform way at some extremely low temperature, and as the universe continues to expand this
temperature will fall and the universe will become ever more empty and cold. This scenario is sometimes
referred to as the heat death of the universe.

On the other hand, if the universe has a high enough density, then the galaxies will eventually start moving
back towards each other. Once they are close enough together all galaxies and stars will collapse, until at
some point the universe will once again consist of nothing but densely packed, highly energetic particles.
Eventually all matter will be compressed to the Planck density, the density at which our current theories fail.
Lacking a theory for such densities, we cannot predict what will happen then. One possibility is that the
universe will bounce back—indeed, perhaps it has been in a cycle of expanding and contracting forever. Then
again perhaps the universe will simply annihilate itself and cease to exist. Determining which of these
possibilities would occur will require the development of a theory of physics at extremely high densities.

More than any other time in history, mankind faces a crossroads. One path leads to despair and
utter hopelessness. The other, to total extinction. Let us pray we have the wisdom to choose
correctly.

-Woody Allen

Endnote I: The Evolution of the Critical Density
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As the universe expands, the density of matter inside it decreases. Yet relativity says that the questions of
whether the universe is infinite or finite (section III) and of its ultimate fate (section V) depend on its density.

Suppose the density of the universe is greater than 10-29 g/cm3, meaning the universe is finite. What happens
when the expansion of the universe causes the density to drop below that value? The answer is that the
critical density changes with time, so that by the time our universe has dropped below that particular value
the critical density itself will be lower still. (In fact the critical density drops faster than the actual density, so
that if our current density is twice the critical density it will at later times be four times it, and so forth.) In
other words, if we are currently above the critical density we will always continue to be so. Whether the
universe is open or closed does not change with time.

Endnote II: Evidence for the Big Bang Model

Many observations provide evidence for the big bang model as we have outlined it. One is Hubble's
observation of the expansion of the universe. We have measured distances and recession speeds for
thousands of galaxies and other objects and they all match Hubble's law as accurately as we can measure

them.9  These measurements provide very strong evidence that the universe is expanding. Nonetheless, when
these data became known early in this century physicists were generally reluctant to abandon the idea that the
universe is unchanging. This reluctance led to the development of so-called steady-state models of the
universe that tried to reconcile Hubble's law with an eternally unchanging universe.

The steady-state models were dealt their death blow with the second great piece of observational evidence for
the big bang model, namely, the discovery of the microwave radiation left over from the early universe. Prior
to recombination, the universe consisted of a uniform hot mixture of particles. Such a mixture emits a
recognizable spectrum of radiation that, if emitted then, should still be around today. Moreover, since that
mixture filled the entire universe, that radiation should have been emitted everywhere in all directions, and
should thus fill all of space. In 1964 Arno Penzias and Robert Wilson discovered microwaves coming from all
directions in the sky, with exactly the spectrum predicted by the theory. (The spectrum of radiation is a
description of the intensity of the radiation at different frequencies.) Almost immediately after this discovery,

the steady state theories were abandoned and big bang cosmology became nearly universally accepted.10

Another prediction of the big bang model concerns the relative abundances of certain light elements.
According to the model, the universe started with only elementary particles that eventually formed into
atomic nuclei. A hydrogen nucleus is simply a single proton, so hydrogen was the first atomic nucleus to
appear . Some of the protons eventually combined with other protons and/or neutrons to form other light
elements such as deuterium, helium, and lithium. The laws governing nuclear physics are fairly well
understood, so physicists have been able to work out the proportions of these different elements that should
have been produced. Those proportions closely match what we observe in the universe today.

Endnote III: Problems and Lingering Questions

Despite the successful predictions of the big bang model, many people find the model problematic. The
problems involve assumptions that must be made for the model to work and certain predictions of the theory
that don't match our observations.

The success of the big bang model required the assumption that the universe was almost exactly
homogeneous (the same everywhere) at early times. If the universe had been slightly less homogeneous
initially, it would look very different now, whereas if it had been perfectly homogeneous then structures such
as galaxies could never have formed. Another necessary assumption is that the expansion began
simultaneously throughout a very large and possibly infinite universe.
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The big bang model also requires the density of matter in the early universe to have been extremely close to
the critical density. If it had been too high, the universe would have recollapsed before any structure had time
to form, while if it had started out too low galaxies could not have formed. I noted in endnote I that over time
the universe tends to move away from the critical density. It turns out that if the universe had initially been

above or below the critical density by more than one part in 1055, life as we know it could not have arisen!

These objections, while they make the theory seem strange, can be dismissed by saying that the universe just
happened to start that way. Since the big bang model says nothing about how the universe got here in the first
place, we have to assume some initial conditions. We are free to assume that for whatever reason the universe
started out in exactly the way it had to in order to produce galaxies, stars, and ultimately you.

There is, however, another class of problems with the big bang model that cannot be explained away so
easily. These problems have to do with exotic objects that should have been formed when the universe was
extremely hot and dense. Our current theories predict that many different kinds of particles would have been
created at those temperatures that could not be created today. Some of them would have decayed by now into
normal matter and thus we would not expect to see them now, but others—called relic particles— would be
expected to be stable enough to still be present in large quantities and easily detectable. These particles
—which I won't describe in detail—include magnetic monopoles, gravitinos, axions, and even stranger beasts
such as hedgehogs, cosmic strings, and domain walls. (The last two aren't particles but large objects, but the
basic idea is the same.) The fact that we don't see any of them now cannot be explained by the standard big
bang model. Moreover, some of these particles, if they had been around at the time of nucleosynthesis, would
spoil our successful predictions of the relative abundances of light elements (see endnote II).

Physicists have tried for decades to formulate theories that could eliminate both the questionable assumptions
and the problematic particles associated with the standard big bang model. Currently the only plausible
candidate is a theory called inflationary cosmology, which is widely accepted by most cosmologists to be a
necessary modification of the big bang model. This theory says that there was a period of very rapid
expansion in the first fraction of a second after the big bang, or more precisely, after the density fell below the
Planck level. A detailed explanation of why this happened or how it resolves all the problems cited above
would be beyond the scope of this paper. I simply note that this rapid expansion period would have caused
the universe to become almost perfectly homogeneous and almost exactly at the critical density regardless of
how it started out. It would also get rid of all unwanted relic particles while still allowing for the creation of
the ordinary particles that make up the universe today.

Finally I should mention the last great failing of the big bang model. Even when supplemented by inflation,
big bang cosmology cannot explain why the universe is here in the first place. Inflation greatly reduces the
number of assumptions you have to make about the origin of the universe. In fact some versions of
inflationary cosmology suggest that the universe had no beginning but has existed forever. But whether the
universe has existed forever or for only 10-15 billion years, the question of why it exists at all remains a
mystery. Even if we could eventually come up with a set of laws that explained how the universe came into
being, as some people are currently trying to do, the mystery of why those laws should exist would remain.
That mystery will perhaps remain forever beyond the ability of science to explain.

Footnotes

(Clicking on the footnotes in the text will cause them to appear in a separate window, but they are reproduced
here as well for the benefit of anyone printing out the paper.)

1. If you know something about the theory of relativity it may occur to you that Hubble's law seems to predict
that very distant objects will recede from us faster than light, whereas Einstein's special theory of relativity
predicts that nothing can move faster than light. For readers who are familiar with special relativity I can note
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that an observer in an expanding universe is not in an inertial reference frame, and therefore the laws of
special relativity do not apply. They will still be good approximations for measurements of nearby objects, but
not for very distant ones. For readers not familiar with special relativity I will simply note that Hubble's law is
correct and that the explanation of why this is possible requires more relativity theory than I can explain in
this footnote.

2. Actually saying "matter and energy" is redundant, because according to relativity theory matter is just
another form of energy, with the amount of energy corresponding to a given mass being given by the famous

equation E=mc2. So from now on when I say "density of matter" I will be including all other forms of energy,
such as electromagnetic radiation.

3. If the density has exactly this critical value then the universe is also infinite, but in this case it is called
"flat" rather than "open."

4. Actually the value of the critical density changes with time. For a discussion of this issue see Endnote I

5. This picture of a uniform grid of galaxies is only a rough description. For example, many galaxies clump
together in large groups called clusters. These clusters are held together by the mutual gravitational attraction
of the galaxies so they don't grow as the universe expands. In such cases it is the distance between clusters of
galaxies that grows in the way I've described.

6. The rather fanciful journey I'm suggesting is unrealistic in several ways. First of all I'm assuming that I
could travel so quickly that the universe wouldn't grow much while I was making the trip. In fact even a light
beam can't travel that fast and nothing can travel faster than a light beam. I also assumed for the purpose of
illustration that galaxies wouldn't be created or destroyed in such a long time.

7. I'm being unrealistic when I talk about the distances between galaxies at these early times. Galaxies did not
form until many millions of years after the big bang. The very early universe consisted of a dense mass of
particles and the expansion of the universe at this time consisted of the distances between these particles
increasing.

8. These conclusions about the future of the universe depend on an assumption that the universe is made up
of ordinary matter. Recent observations suggest that the universe may instead be largely made up of a poorly
understood form of matter that repels rather than attracts—a kind of antigravity. If these observations are
confirmed and the universe does contain such matter, then the expansion will continue forever regardless of
whether the universe is infinite or finite.

9. Actually this isn't true for nearby galaxies. Having nothing to do with the expansion of the universe,
galaxies have their own velocities relative to each other, known as peculiar velocities. For nearby galaxies
these peculiar velocities dominate and the galaxies may be moving towards or away from us. For distant
galaxies, however, the recession rate due to the expansion of the universe is so great that the peculiar velocity
makes no noticeable difference.

10. The discovery of the microwave background radiation by Penzias and Wilson was a remarkable example
of serendipity in science. They were doing an unrelated experiment and found that their detectors were
picking up a background signal coming from all directions. It wasn't until they discussed this finding with a
colleague that they understood the significance of the discovery.
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