’P\,\u‘%\cs \p0 — Mweu&e.r HI'LOO:!

&

ES I 5 0 No clss on
: e g : wed. J Nbu. z|

= o
. = Thebsyring Bruk |

Nuel. Bombg
p D chri Nuel . Tm“m

I Dec 2 \ M Music
< o™ 0 < s . Asterd< + Extinch
\> Dec A}g_ﬂ l(ﬁ }‘l'i'gfar; ) F"jh-‘lﬂ_.

X

I Dec 10 | :
e e 20 Cosm. Mice, Rekqnd




9&‘{-—5 ‘6'?/(9 ‘o Hobwn — nice biwef rey.€)
of kfo,LL'q(Jr { hu s 1.5;&.}0-{

Uminecse cud Earths 'alac.e A

‘T\jd\a Brnkﬂ
g6~ (6ol
(Db-“-&) Sie Lsaac Ney o
Coreful ohstauakiz~g 16Ul- 13212
oF posihioms (Snglend)

of Su.“'thl \‘M

F= GM M,
ol
4
NUVN ) Laws of Mot
SW% Sw derivel Keplers
¢ . -] { h‘-‘;“
i\l‘i:‘z 0 Blaws of planchny



Equivaltvce o7 g &= Thnacelutded rodat Ship ca @ licfat

ML gpuw . £relh mugt Would Seem
Cunvt. Spacetial r T™ Travel

- — Mf.mJ
CAr.

s Aecad
hS — -
\{‘% 14# ‘ K ¥

P —~
yalh \, p

e

IR
a oS
qrav = Aceel. Finvme AP
. 2\
L{lt Moue g oma cy‘%‘u&*‘- \yﬁ &Q;é-:’

Slomtest AT, hetwan Foro poiats
So_ Cingeein ‘mil'-r‘wd's Tkuii‘ﬁ’{l:‘ﬂ\ ot o curvaturr of S&mf:ﬂ-&{.



BENBING Lici+ Wpoﬁhﬁ“
0 Mn& of Lc[[d' l':ua Wu.’hﬁ&.ﬁ Fe (

Posituip

- Gm“‘+“*‘°'*ﬂ-£ Waves
Ampl'. ’("J-Jé.”tn IM.
LTG0




@agmﬁ)ﬁﬂﬁj

5 WenkFic Study of the large Scale Stinctuasof Hhe
Ui vlAle. — Arm.{#— bo wndecctany o ang;.,”
ﬁ evolution ond Fd—f ot o m;m

-qz-

v hitp://wmap.gsfc.nasa.gov/m uni.html tipaal ow \(ne reference
33 fe Hio dduno
2 L)

N @efntoloRy

<2

ﬂ\e_.. busiatro oF L@M‘b & {m!a, utieiomn — TL(
i‘ﬂ&*w ﬁé SKiny Aan wd Nails

hitp://careerplanning.about.com/cs/occupations/p/cosmetology.htm







i%:]' tranels af a Finle Seed

On to the very big ...
UG

Telescopes are _
time machines 1 Mpc= 1 Megaparsec = 3x102 m

1 light year = 9x10"° m

Light traveis from NYC to San Francisco in 1/100 second
and it travels 1 Mpc in 3 million years
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Edwin Hubble (1889-1953)
discovers a surprise in 1929

Galaxies that are further away
appear redder

Apparent

chack o dloppler SWiFt Agplet :

http://galilecandeinstein.physics.virginia.edu/more stuff/flashlets/doppler.htm
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Light travels from NYC to San Francisco in 1/100 second
and it travels 1 Mpc in 3 million years

Welcome to the
“expanding universe”!!

extrapolate back in
time find the age of the
universe = 13 billion
years.

wore ™Modeant ke -+ - -

Space A The iumee i &xf)ﬁu‘bin,b \

o
a
o
E
2=,
=
=
o
=
[
=

200 300
Diztance [Mpoc]

Type la SNe from Riess, Press and Kirshner (1936)
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Big quark-gluon proton & neutron  formation of formation of star dispersion of today

Bang plasma formartion low-mass nuclei  neutral atoms formation massive elements
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Cosmic Microwave Background

Penzias and Wilson - 1964

Wavelength [mm]
2 1 0.67

FIRAS data with 4MM3 errcrbars
2.725 K Blackbody
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Uniform and isotropic

— in as far as they could measure
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