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How Big?

How Long? How Old?

How Far?How Many?

How Fast?

How Hot? How Massive?

Asking Questions



What is this talk about?
Astronomy involves the study of many extremes of scale which can be challenging to
imagine and present to people from other fields...we tend to use orders of magnitude.

Light Year
10 Million Million km

Solar Mass
2 Million Million Million Million Million Kgs

Age of the Universe
14,000 Million Years

Surface of the Sun
6000 Degrees

Earth Orbital Velocity
100,000 km an hour



What is this talk about?

In astronomy this issue of scale has made
our job more difficult. In this talk we'll look

at a few of these famous problems and
hopefully try to give you a feel for the scale

of the universe.

Follow me!

http://htwins.net/scale2/


How Hot?

In some ways this is the most difficult
question to get a feel for. So let's talk
about it first.

This starts nicely with our sun and really
gives perspective for how "scale" is a
problem for astronomers...



We can understand how "hot" these things are...

Chilly

Toasty

Ow

Ow Ow Ow!

Just right



But how hot is this?

6000 Degrees
at the surface

That's not just hot. That's
hotter than anything you'll
ever experience. That's far

too hot to imagine...



But how hot is this?

15 Million
Degrees

That's not just hot. That's
hotter than anything you'll
ever experience. That's far

too hot to imagine...

But the centre of the sun
makes that look positively

cold



And that's the problem.

Without a frame of reference...these numbers become
meaningless.

When an astronomer says "The centre of the sun is a MILLION
degrees!" but a rival says "No! It's a BILLION!" Who's to say

which is closer?

We have no reference. Either sounds reasonable. Or neither.
This makes a reasonable estimate nearly impossible.



Early Sun calculations

Gravity?
Where's all that

energy from?

Kelvin      vs.     Darwin



How Big?
Astronomical objects scale

drastically from metre sized
asteroids through planets, galaxies

and whole clusters!

For a long time there have been
difficulties for astronomers when

looking at the size of objects...

http://www.rhysy.net/galaxy-sizes.html


Scale of Structures

Planets
~0.5 to 60 Earth Radii

Stars
~80 to  100,000 Earth Radii

Clusters
At least 100,000 Million

Earth Radii

Galaxies
Around 100 Million...Million

Earth Radii and beyond

http://htwins.net/scale2/


The Great Debate

Harlow Shapley and Heber Curtis had a
discussion about the size of distant
objects known as the Great Debate.

The problem? How to judge the size of an
object on the plane of the sky.

Is it small and close...or big and far?



How Far?
"How Big" ties nicely into how far away
an object might be. Once we have a feel

for the size of our galaxy we want to
know how far it will be to the next one.

How far to the next group?

The objects we see at night all look so
close on the plane of the sky.

http://hubblesite.org/gallery/tours/tour-hudf/


The Hubble Deep Field and High Red-Shift

With your naked eye you can probably
just see the Andromeda galaxy...over

2.5 million light years away.

With something better than your eye
you can see galaxies much further

away.



Olber's Paradox

https://www.youtube.com/watch?v=gxJ4M7tyLRE


How Many?

After Olbers paradox we get an idea
for just how many bright objects are

in the sky.

To get an idea of just how many
objects are our there let's take a look

at some globular clusters.

http://stars.chromeexperiments.com/


Globular Clusters
Stars in a Cluster

~10,000
A small pile of sand (2 cm³)

Stars in the Milky Way
~1000 Million

A large room of sand (12 m³)

Stars in the Universe
~5 Billion Billion

All of the sand. (20 km³)

More sand than there even is...

http://www.universetoday.com/106725/are-there-more-grains-of-sand-than-stars/


Drake Equation
Not a way of guessing how many civilisations there are

But how many there might be.

N = The number of civilizations that are detectable.
R* = The rate of formation of suitable stars
fp = Fraction of those with planet systems
ne = Planets per system that are habitable
fl = Planets per system that are inhabited

fi = Planets inhabited by intelligent life
fc = Civilisations that release detectable signs

L = Time needed to become detectable.



How Old?
Now we have a bit of a feel for what is
out there and just how big it is we can
finally tackle how long it's been here.

The age of the universe is something
that has been discussed and

investigated for a long time and we
know it to be approximately

14 Billion Years Old



The Universe in 5 Minutes

The Sun
~4.5 Billion Years Old

Single Celled Life
~3.5 Billion Years Old

Dinosaurs
~230 Million Years Old

Early Humanoids
~2 Million Years Old

Planet formation
Approximately 10-100

Million Years

The Milky Way
More than 13 Billion Years Old

High Redshift Galaxy
Only ~400 Million years after the

big bang

9s

21s

3.4 mins

1.2 m

5s

.05s



Size of the Universe
Observable

From the speed of light...

Which is increasing all
the time!

But distant galaxies are
much farther away than

it appears today.

https://www.youtube.com/watch?v=5NU2t5zlxQQ


...where are we?

It feels right after looking at so many large, old, far away
things to come back to our home system.

By comparison to most things we've been talking about we're
not really that much of a special system...



Our Solar System
If you were to imagine the
sun to be about 1.2 metres

across you would reach
Pluto, where the new

Horizons mission just flew
by, in 5 kilometres.

You'd need to walk 200
million kilometres to reach
the galactic centre on this

scale. Or 500 times the
distance to the moon.

http://joshworth.com/dev/pixelspace/pixelspace_solarsystem.html

