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Sol (our Sun)

Distance 8.3 light minutes
Mass  1.989 x 103% kg (1 solar mass or 1M)

Age 4.6 billion years
Dwarf 3 Digital Telescope
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M42-

Distance 1,344 light years

Radius 25 light years
SeeStar S50 Digital Telescope




Orion Constellation

Apple iPhone



‘Betelgeuse

Distance 650 light years
Mass 14 Mg

Would extend to asteroid belt

Orion Constellation

Apple iPhone



. Bellatrix
Distance 250 light years
Mass 9 Mg

Orion Constellation

Apple iPhone



.Rigel
Distance 850 light years
Mass 21 Mg

Orion Constellation

Apple iPhone



.Saiph
Distance 650 light years
\ERS 15 Mg

Orion Constellation

Apple iPhone



.Orion’s Belt.
Masses 17 to 33 My,

Orion Constellation

Apple iPhone



Orion Constellation

Apple iPhone



M42-

Distance 1,344 light years

Radius 25 light years
SeeStar S50 Digital Telescope
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M42-

Distance 1,344 light years

Radius 25 light years
SeeStar S50 Digital Telescope
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Perseus Molecular Clouﬁd

NASA’s Spitzer Space Telescope
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Gas Cloud Protostar
H-II



Protostar
James Webb Space Telescope (JWST)




~ Eagle Nebula-
. Distance. 6,000 light years -
Radius 75 light years =~
.. Dwarf3 Digital Telescope -
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Gas Cloud Protostar Main Sequence Star
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HR Diagram

ESO

Luminosity (compared to the sun)
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Gas Cloud Main Sequence Star White Dwarf

Protostar Red Giant Black Dwarf



HR Diagram

ESO

Luminosity (compared to the sun)

108

10°

10¢

10°

102

10

102

103

10—

SUPERGIANTS

10 000 6 000
Surface Temperature (in degrees)

3 000




00
UVCcvfo-jo-ofloc o
W a1 My O ]
=) ~O B B in— B oo<C .I_T
Te o~
To) S0l 0] e > [=)e o
LN —
N MNE—ORM— — (@) ©
t—QnOfloclaol TS —Bo- 128
3 E21 BE) B2 B3 B 21 R
M
M—E—OC RN —— e ~OROYWD
ocflooocfjoo Dﬂ © > 00w
MN <O Joo f O meon ol
osi~ofosZoflno X
NO g <t gr~<C 1R O o
o
voled [lejo] [coF™ Jd Exel [G
o
NORNC i~ “ENMSEnE
00
Collsow v N <t
NnullScll—Ene
o g - On gOO=2
O
®)) o~
- T |
LN
M © i O Q@
; = Mf ouvloc
NEg~I - B0 o
oy =3 O-E~cfou
™M M~ 1L LN J o0<C
cOfnDfocfos Jocfloo
Of—S g0 MU o § oo
—f—=cllo ~NORnVE~o

43
Tc
y

14

>

40

Z1
SE




Earth
Jupiter

The Sun

Betelgeuse

(10 to 20 solar masses) \

2 solar mass star



When is a star a massive star?

Sun = 1 solar mass (1 Mg)

Massive star > 8 solar masses (8 M)






Hydrogen

Helium Lithium Beryllium Boron
Carbon Nitrogen Oxygen
Fluorine Neon Sodium Magnesium  Aluminium
Silicon Phosphorus Sulphur Chlorine
Argon Potassium Calcium Scandium
Titanium Vanadium Chromium Manganese

lron
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lron is where fusion ends.

Unlike lighter elements, fusing iron doesn't release energy
- It requires energy.

When a massive star's core turns to iron, it's doomed



Central core becomes iron




Core collapses




Collapse leads to explosion



Supernova explosion
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Core collapses




Collapse leads to explosion
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What does this all mean?

All elements beyond the most basic are produced by stars
Elements heavier than iron will be generated in supernova explosions

Some of the gold or silver you have with you today
possibly originated from the explosion of a massive star

Almost all the elements that make up YOU are from an extinct star



Vela Pulsar

Distance 1,000 light yea}s

Age 11,000 years
Chandra X-Ray Observatory




M87 Black Hole

Distance 55 million light years
Event Horizon Telescope Collaboration
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M87

Distance 55 million light years
FORS2 (FOcal Reducer/low dispersion Spectrograph 2) on ESO's Very Large Telescope

. S
" y
»
N
4 .




- ‘s
..
:.' ¢ -
£ -
' ®
.
¥ J -
- "' 2 -
o S
. S .' . . i @
. . '
; g 3¢
: ..
X .
.' g
. » .
. o ’
- :
; . -
e
. e v s
- o '. g .
- el i T ol
" "k " ‘Q -'...
. ’ : . oy
. ® - WS e
'y . . )p"
. j

'rAndromeda Galaxy
' -'Dlstance 2.5 million Ilght years

.‘ "_-S'tars E S Lrlliong: me e

Dwarf3 digital teIescope ST

A7 Ea
.. . . -
@ )y i .' > ®
¢ 3 . .. . g . :
“e . 3 > ; 2
o* A . .
. v o
. . .

MESSIer 110

Dlstance 2.7 ml|||:0ﬂ Ilght years "

.Stars - . féew bllhon
Dwarf 3_.d.|g|fta1, telescope_ R :

. .
. - -
- - &
»
e .
. : .
-
#. .
.
‘c /) . B :
* 2y . - .
. T E
v °
3 . .
- - ¢
3
.
. > :
. wy
A ® ‘e .
= .
.
o »
.
. - i ..
., y '-.
L) s .
.
: . . °
. .
. -
-
-
..
.



- : . % \"‘ : F * . .
, i A ¥ b » s
; v’ j a f -
x v ; o ’
: g v
o = 7 ‘
s T ¢ "'\ AL - A
y ‘ S
"/ g S0 - ..‘ 3 .
G ; 1
o P, \
.~
, e R i
‘ » - » y e
ot 5 v 2 .
CARE. ' ‘ ". 7
* . - 4 - A
~ . - . ’
g 3 o g
. w R . .
o ‘s ) F ,
- < 5 . .
A4 pe 2 . : 0o =
} 3 »
48 "_." * 2 &,
o by . o 500
' b5 > o ‘
“‘,X S s, ’. '
® < 4 ¢ ‘
" : .
-
.. N 4
- ” . ‘
- i A o
\ ... . . N
") X : W
. 2 i % L=
5 :

Hubble Deep FIETd

Distance 12.7 billion Ilght years

Galaxies 3,000 : i
By Robert Williams (NASA, ESA, STScI)
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100 hours
over 10 days
342 exposures

12.5 hours




Where did it all begin ...?






The first 3 minutes

A sea of elementary particles and energy



3 to 20 minutes

First atomic nuclei



380,000 years

First atoms — space ceases to be opaque



~ 75% Hydrogen
~25% Helium

traces of Lithium



Distance 13.8 billio

Age 380,000 years afte
NASA / WMAP Science Team
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Population HI Sta.r s

Masses From 10 to 100s solar masses

Artist’s Impression
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  W h e r e   d i d   i t   a l l   b e g i n … ?


  ~   75 %   H y d r o g e n


  25 %   H e l i u m
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