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1) Review last term and connection to this term

2) technical details

3) Measuring distances — the universe is expanding!

Lecture 2: Cosmic Calendar | ecture 3: The ' #
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hypothesis
May June July August
1 Milky Way Loop: you can never
born prove a hypothesis,
you can only disprove predicion
(“falsify”) it
September | October November | December
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Seasons

Phases of the Moon
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Continuous Spectrum Absorption Line Spectrum I e I e S CO p e S
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Atmosphere not transparent at all wavelengths;
for all but visible and radio, need to go up!

gamma ray Xray Ultraviolet vigible  infrared radio
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y thin cloud
hot light source of gas

100 km

sea level

Emission Line Spectrum

Instant Quiz:
What keeps the Sun shining?

On fire? 1 hand up

Contracting? 2ihands up ; | s oo s

- the Sun (5,800 K)

Nuclear fusiomand onhead - i

;/

Nuclear fission? 2 hands on head

intensity (relative)

103
wavelength (nm)



“Instant Quiz: .Garl$Sagan mean ;
WhgIe Sa%bﬁgd f% aﬂgar stuff™? A-!!fgrcg:a?te%tgarttle with gravity
Lif.e:wc').uld be impossible : " ety 4 10 support weight:

gravity

wi’thout‘-the Sun " 1 hand up | = need high pressure

= need high temperature
Earth formed together

with the Sun - 2 hands up

= will loose energy

= need energy source:
~ Many elements essential to.
. liiewere created in star Sy 4K

Ultimately,
Running out of nuclear
fuel and thermal support...

The Sun and planets formed
from stuff between stars 2 hands on head
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Results of short presentation & term-test posted

Advice from
Prof. van Kerkwijk:

READ YOUR TEXTBOOK!

Space-time Singularity

This term: Long presentations:

by combining presentations and lectures, we will investigate: 1) hand in power-point file the Friday before

1) the universe is currently expanding

2) graded by lecturer (50%) + fellow students (50%)

2) what is the beginning of the universe and the beginning of time

3) what causes it to expand (and its building blocks...) o . _
3) how to make a winning presentation — see website

4) zoom back to our neighbourhood — the Solar System

!
we will end with practical issues that affect our daily lives 4) READ YOUR TEXTBOOK!



How far are they?

Term Test

1) April 8th, in-class ; é

2) multiple choice + short essays

3) both lectures and long presentations M eas U rl ng D I Stan CeS Ty

4) READ YOUR TEXTBOOK!

Distance to the Moon 4 \ Apollo missions placed reflectors
g on the lunar surface

Speed of light: 300,000 km/s
Hence, 1 light-year is about 104@[703 km
(10,000,000,000,000 km)

light-second, light-hour

Nothing.in-our universe travels faster than light (Einstein).

Your friends are not whatthey appearto be....




Distance to the Sun

Human speed: 1m/s run
for 80 years -->17% ofa AU

Mercury: 0.39AU
Venus: 0.7AU
Earth: lucky distance
Pluto: 39AU (~ 5 light hours)

» &0 pared to Pluto,

How r
()) |
@p) Ablau’f 5 times further
| - [UPITER
(4 AtTou’g 100 times further

About 10,000 times; further

VENUS URANUS

h fu r are the nearest stars?

5.5 light-hours
=0.0006 light-year

2 hands up

Stop sign

NEPTUNE




How do we measure distances to stars? Parallax

-- the same way as you do in your everyday life...
as you are sitting in a moving car,
closer objects (light-poles, cyclists)
move from left to right very fast, distant stars
while far away objects appear relatively
fixed in position. The spaceship

Earth' does this moving for us. Every January, Every July,

we see this: we see this:

Parallax method fails for objects very far
(current limit: ~ 1000 Ly.)
Have to resort to other means for larger distances...

Tycho (naked-eye observation) fails to see any parallax
— he inferred that the Earth does not go
around the Sun.

But stars are much, much further than Tycho can imagine.

F. Bessel (1784-1845) first discovered parallax
0.314 arcsecond (size of a bacteria at arm's length)
for star 61 Cygni, translates to ~ 10 ly.

~ QOur Cosmic Address

Local group
- j

Milky Way galaxy

Universe

Solar system |
(not to scale)



Measuring local distances:
radar ranging
parallax

Measuring cosmic distances:

standard candles (Cepheids, supernova...)

Hubble's expansion law

Supernova: a star explodes at the end of its life

SN1999BE

when this occurs, an
individual star can
outshine an entire
galaxy (100 billion stars)

... N0 warning...

The ladder for distance measurements

galaxy clusters

(10" Iy}
nearby galaxies
(107 1ly)
Milky Way
(10° ly)
nearby stars
solar system (= - Q
(107% ly)
: white dwarf e
Venus. | ) = _ - supernovae
y (E- 8| . WIS . e ) &
& 23 w2 — ik -
Radar Ranging — =] e period g
surface I-c|-'n-|\é|élu-m IK} ( T E
Parallax
Main-Sequence Tully-Fisher

Fitting relation

Cepheids A
Stahderds
Supernova 1054AD:
the last time we had a nearby (6300 l.y.) supernova

M1 by Rick Murphy



o 66 b))
Supernova 1054AD: the “Guest Star Standard Candles:

From the Sung-hui-yao [Essentials of the Sung dynasty history] (Chapter 52)
[f all supernovae are intrinsically equally bright,

"On the 1st year of the Chih-ho reign period, 7th month, 22nd day _ : :
[August 27, 1054] ... Yang Wei-te said 'l humbly observe that a guest the further away ones will appear dimmer.

star has appeared. Above the star in question there is a faint glow, yellow
in colour. If one carefully examines the prognostications concerning the From thlS we obtain distances to far_away galaxies
emperor, the interpretation is as follows: The fact that the guest star does not >

trespass against Pi and its brightness is full means that there is a person of '
great worth. I beg that this be handed over to the Bureau of Historiography'. :

All the Officials presented their congratulations and the Emperor ordered ---if we Stare’ Stare’ stare.
that it be sent to the Bureau of Historiography. -

“It was visible in daytime, like Venus... £ M
Altogether it was visible in daytime for 23 days./ .8

SN1987A

Edwin Hubble discovered
Expansion of the Universe (1920s)

Hubble Space Telescope (1990 - )

a galaxy at 1My is receding at 20kms
e 2My Lo oL 80k s
e dOMyY L. 200kms

vereeneen 210Gy oL ..., 200,000 knys

el
Doppler shift 3

ol|

g -

3 speed of light = 300,000 kms

g

= tained using

% ndard candles

‘4_‘3 10°PARSECS 220 PARSECS

galaxy distance from us



Hubble Ultra Deep Field

HST = ACS
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Distant Objects in the Hubble Ultra Deep Field

HSTe+ACS
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NASA, ESA, R. Windhorst (Arizona State University)
and H. Yan (Spitzer Science Center, Caltech)

STScl-PRC04-28
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Big

Modern s _
- Dang

univFrse
13.7

1
1.0 0/7-0.4
Age of the univers{e (billions of years)

The Hubbl e constant:
H~ 20 kms/My

a galaxy at 1 My, receding at a rate of
is right up to us at a distant past (t)

di stancesspeed
1 My/(20knrs)
13.7 Gyrs

t ~

~

expansi on rate of the universe,
age of the universe

20km s,

The universe was smaller yesterday
than it is today.

At some point in the past, the universe
is just a point.




Importance of Hubble's Law

Measuring distance using Hubble's law:
by measuring how fast a galaxy is receding away from us (redshift),
we can obtain its distance from us.

Tells the age of the universe (~ 14 billion yrs):
Dividing distance by speed, we find that all galaxies were at the
same point 14 billion years ago. Something set off the cosmic
expansion.

Tells the size of our cosmic horizon (~ 14 b.Ly):
Furthest galaxies one can see are receding away from us with
speed of light. Light we see now left these galaxies 14 billion
years ago (baby galaxies)

(looking further out to space == looking further back in time)

Why are galaxies appearing to be moving away from us?

possibility #1:
Milky way is at the center of the universe,
except for us, everyone else is going somewhere.

possibility #2:
The space itself is expanding. So it appears they
are leaving us. It looks the same to an Andromedean.

How old is the Universe?

1929:
1997/8
2000:
2001:

2003:

a team led by Bennett uses the satellite
WMAP to measure the microwave
background, and finds the Universe is
13.740.2 billion years old.

Instant Quiz

| I\/Iore distant g'aIaX|es

Look younger because they:

were made later

1 hand up

Look redder because the stars _ :
in them are older 2 hands up

Can have formed at the same:
time as our'galaxy

Pra'y"3|gn e

Look younger becduse we
cannot see them very weII Stop S|gn



Expansion speed increases with distance from us (or anybody) Are the human bodies expanding with time?
the space itself is expanding.

Size of the Universe

1) The universe is infinite in every sense.

1 hand up
2) We only know about our observable universe.
It is 14 Billion light years in radius.
2 hands up
3) The universe has an edge and it is vacuum outside.
pray sign

4) There are multiple universes and they neighbour each other.
stop sign

1) No. Because my length measurement stays the same.
2) Yes, but very imperceptibly.
3) Yes. This explains why as our human ancestors are shorter.

4) No. We are holding ourselves together despite the cosmic expansion.

Ins‘_tant sz GalaxieSf‘at,thfe" édge > :
of our observable ;_Univer'se_,-.,: s

Canisee other galaxies that™

we cannot see . - 1hand up :
Cannotseeus . . _._2'__.a_n'ds_(j[5 T
Can see the same Universe s S

that we see - --1 hand on head -

Look veryold P h'a'hds'-q'r:{_ head



