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Happy New Years fellow
Astronomers!  I hope that your
holiday season has been full of
friends, family and good
memories.  That you have had
the chance to rest and catch up
on the small things in life.

Our first meeting of the 2013
calendar year well be a
memorable one and I am excited
to announce that Fort William
Historical Park has invited the
Centre and it’s members to be
guests of the fort.

FWHP has a full evening
planned for us. Some of the
items on the agenda is a tour of
David Thompson Astronomical
Observatory, a introduction to
the astronomy programs that the
FWHP will be putting on,  a Q&A
about the observatory  just to
name a few things planned.

As we will be guests of the
FWHP, there are a couple of
requests that need to be
followed:
� First this is a closed meeting,

meaning only RASC members
are invited.  No friends, family

or general members of the
public
� We will meet as a group at the

Visitors Centre in the main
parking lot.
� No outside food or beverages

are allowed in the park.
� Bring warm clothing in case

we have an outdoor observing
session.
�

I hope that all members can
attend because this does promise
to be a very special evening.  I
also would like feedback from the
membership on a possible
change of meeting venue from
the college.  Also the possibility
of locating the centre’s library at
this facility  and giving it a
permanent home.

Also a special thank you goes
out to Ed Kucibel for his donation
to the club. Ed has covered the
cost of maintaining the Thunder
Bay Centre’s website for the next
year. Thank You Ed!

Clear Skies!
Brendon Roy (Pres.)
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Cosmological Principle

As astronomers discovered that we live in a
great big Universe they considered a
fundamental question. Is the universe the same
everywhere?
 Think about gravity being stronger billions of
light years away, or in the past. Sounds like a
simple question but the answer has been tricky
to unravel. The answer kind of starts with the
assumption of the Cosmological Principle.

The Cosmological Principle isn’t something
we’ve discovered about the Universe. So why is
it important? The Cosmological Principle is an
assumption that we must make in order to say
anything about the Universe as a whole. What
we have to do is we have to assume that the bit
of the Universe we can see and get information
from, is typical of the whole, because if that’s
true then we can make local measurements. We
can do the equivalent of a table top experiment
on our bit of the Universe. We can measure the
density and say this must be the density of the
whole Universe. We can look at the conditions
around us and say these must be the conditions
in the whole Universe. That enables us to do any
cosmology. Not just that our little bit of the
Universe looks like it started 13.7 billion years
ago but the whole Universe began 13.7 billion
years ago. For these grandiose claims you need
to make this assumption. You need to say the
Universe is big and we live in a typical small part
of it. Having reached this mediocre state of being
nothing special, nowhere special and we can look
at two big concepts. The Universe is both
homogenaic and isotropic on large scales.

� Homogeneity means having a uniform
structure throughout

� Isotropic uniformity in all orientations

So to test that we can do a thought
experiment. A way to look at this is look out the
window and we see all he galaxies turning
counterclockwise. Some others aliens on the
other side of the Universe looking out their
window see the galaxies turning clockwise. In
this case Universe isotropophy is broken. If that's

true then in some sense the Cosmological
Principle is broken and you wouldn’t be able to
say anything at all about the large-scale
Universe. Scientists has done observations and
tests on this and when the test is done properly
we find that there is isotropophy. To test this
theory on largest scale possible we can use the
Cosmic Microwave Background(CMB). When we
look at it, it is isotropophic. The Universe
temperature  300,000 yrs after the Big Bang is
better than one part in 10,000 where every
where you look. It's incredibly smooth. Too
smooth actually and this causes a problem. How
could the left side know how the right side was
doing? So they haven’t had time to cross or to
communicate with each other. How do they know
what temperature to be? How do they know what
distribution of hot and cold spots they should
have? There’s something about the Big Bang that
produces smooth Universes. This is where
inflation comes in, because then you can have a
much smaller Universe to begin with. Light can
travel from one side to the other. Even if there
were random fluctuations in temperature, then
heat will flow from the hot region to the cold
region and things will reach equilibrium and then
you expand and then you have the Universe we
see today. We have an Isotropic Universe as far
as we can see.

Homogeneity is the next thing you need to
worry about. Scale is something you need to
start worrying about.  Look around and Earth and
Mars are very different. Look at solar systems
they are very different. Galaxy groups are
different. So on these small scales, things look
very different. Too make things simpler take a
box 1 metre cubed. On that scale density
changes. It matters where in the Universe I put
the box. If I have a much larger box, a really
large one, say a billion light years on the side,
then wherever I put that in the Universe the
assumption we’re making is that there’ll be
roughly the same amount within it. The Universe
is homogeneous on that scale. Let’s do an
analogy. Take a cake with raisins in it. Poke it
with a pin or cut a large slice and you will get
galaxy scale box won’t do. Obviously the size of
the local group won’t do. You must have

 Last year I did a presentation on this subject. Here is an article I tried to make from my
notes and such.  Enjoy                      Bruce



different results. The large slice is a better
representation of what the cake contains. So
what you need is a large enough box to say the
Universe is Homogeneius. We need it to be so so
that the Cosmological Principle applies and
cosmologists can be happy.
Do we have a large enough box to say this? The
answer is just about no. Obviously our galaxy
scale box won’t do. Obviously the size of the local
group won’t do. You must have something bigger
than the biggest galaxy clusters. Even the Sloan
Digital Survey is not big enough. So if we get a
little bigger we believe we may be okay. We
spoke of a smooth CMB in the early Universe.
Yet we look around today and find a lumpy lumpy
Universe, kind of like Swiss cheese with voids
and cheesy bits. That’s entirely due to the
beautiful work of gravity which takes the small
fluctuations that existed at the beginning and
exaggerates them. It’s a great triumph of
modern cosmology that that calculation works
out correctly. If you start with the observed
Microwave Background, apply what we know
about gravity and this other force, dark energy,
then you produce something that looks much like
the web of galaxies that we see today. There’s a
suggestion that cross motion of the Sloan Survey
is a net motion in one direction. If that’s true,
that means we haven’t yet reached the scale on
which things are homogeneous. Just outside our
field of vision there must be a really big
concentration of matter pulling us in that
direction.

I spoke earlier of being nothing special and
nowhere special, but of course that’s not the only
problem. Imagine, let’s be archaeologists looking
at the surface, or anthropologists looking at the
Earth. You’d want to make the same assumption.
If you’re going to take a small region of the
Earth’s surface and study the people there you
want to know that that is typical in order to draw
conclusions about the whole of human
population. However, you’d also want to know
what time you were living in and see whether
you were living in a special time. If you were in
Rome 2000 years ago, you would draw very
different conclusions from studying Rome today.
For all we know the driving habits were the same,
but I digress. Time is very important. We have
to be careful not to make the same mistake with
the Universe. In particular, we just assume that
the laws of physics that we measure in the lab
today are those that governed the Universe of

300,000 years after the Big Bang of three
seconds after the Big Bang; of three micro-
seconds after the Big Bang. And all the way back
we assume physics is the same. Einstein's theory
of Relativity E=MC2 states that the speed of light
is constant in a vacuum. The speed of light is the
fundamental definition of the second. But what
it means to count time depends on the speed of
light. Anyway, the point is so the speed of light
is something we can physically measure. It’s at
the heart of the Theory of Relativity. Can we test
this in the early Universe? Yes we can. This is
because of the fine-structure constant which is
one of those quantities that helps describe in
quantum mechanics the energy level transitions
that cause light to be released at very specific
wavelengths in different atoms where each
element has its own fingerprint of allowed colours
of light that it emits. It's how we know what stars
and galaxies are made of and when observing
them we can see loads and loads of these
spectral lines from all the different elements in
the Universe. These ladders we see are
consistent to what we see today. With those first
lights from elements being emitted you see this
consistent fingerprinting of the elements. So
from that we can assume the Universe worked
the same way at the time of the CMB.

We have no way, at this time, of seeing how
the Universe was before light appeared approx
300 million years after the big bang. Why was
the CMB so smooth? We use the idea of inflation
in the early Universe to explain this. There’s no
theory that tells us that the Universe should just
suddenly speed up. But the mathematics we have
stuck in there work. Scientists though are always
on the lookout for other solutions which may
solve the problem and be more elegant. They
also like to try and break the Cosmological
Principle. There are theories such as the variable
speed of light in the early Universe, which would
cancel inflation hypothesis. Another is a way to
get rid of Dark Energy. The thought is that if we
are at the centre of a big void, low mass of
matter, and as you look further and further away
and you’re leaving the void so you’re measuring
the expansion in a Universe that appears to be
getting denser, more gravity, and greater pull
back on the expansion so there’s slower
expansion. So as we look out of the void the
expansion slows down. That’s the same as
looking in the past so we interpret that as an
acceleration. Who knows if that’s true? The scale



of the void that you need turns out to be very deep. We need to be about two-thirds of the average
density of the whole Universe. That’s quite a large discrepancy. The prediction is that it should be
slightly larger than what our existing surveys can detect. In other words if we had something that
went twice as deep as the Sloan Digital Sky Survey does then we’d see the edge
of the void and we’d see this increase in density. So, it’s a prediction. If this exists, if we happen
to be living not just in a point but near the centre of it – we need to be at the centre of it – otherwise
we’d see the difference if we looked in different directions. But we know we don’t do that. If we
live in such a world, we can get rid of dark energy and we can all react. It will take the advent of
the next generation of sky surveys, particularly the Large Synoptic Survey Telescope. For now let’s
cling to the Cosmological Principle. We’ll just wait for the new observations and science results to
come in.

Hopefully this did not confuse you too much. The Astronomy Podcast on this subject is very
good, and where I got a lot of this info. It can be listened to or downloaded at:

 http://www.astronomycast.com/2009/01/ep-123-homogeneity/
Bruce Miron

Membership Details
   As of January 1st our Centre membership has maintained its 50 members!  I remind
you to check your annual membership renewal date to remain current.  There is a three
month grace period after one year for renewals to maintain an unbroken membership
record.  Those members who have a current e-mail address on file with the National Office
will be sent a reminder to renew as required.  If you have any questions concerning your
membership details then do not hesitate to contact the National Office or myself.  We do
not want to lose any of our members. Membership renewals are done through the National
Office either through the Internet at www.rasc.ca or by phone toll free at
1-888-924-7272.

Bruce Miron
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