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Distance from the Earth:

Light travel time to the Earth:
Mean angular diameter:
Radius:

Mass:

Composition (by mass):

Composition (by number of atoms):

Mean density:

Mean temperatures:

Luminosity:

Distance from center of Galaxy:

Orbital period around center of Galaxy:

Orbital speed around center of Galaxy:

Mean: 1 AU = 149,598,000 km
Maximum: 152,000,000 km
Minimum: 147,000,000 km

8.32 min

32 arcmin

696,000 km = 109 Earth radii

1.9891 x 10°° kg = 3.33 x 10° Earth masses
74% hydrogen, 25% helium,

1% other elements

92.1% hydrogen, 7.8% helium,

0.1% other elements

1410 kg/m’

Surface: 5800 K; Center: 1.55 x 107 K
3.86 x 1026 W

8000 pc = 26,000 ly

220 million years

220 km/s
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Radiative Flux (in W/m2/ um)

Black Body Emission Curves of the Sun and Earth
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Fig. 1. Solar uradiance spectral categories from gamma-rays through radio wavelengths.
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https://ase.tufts.edu/cosmos/view_picture.asp?id=174
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FUTURE OF STELLAR EVOLUTION S

The Meek Shall
Inherit the Universe

In terms of raw brilliance, the glory days of the cosmos are
already behind it. In subtler ways, though, it will remain vibrant
for trillions of years to come. Red dwarfs, by far the most common
type of star even today, have hardly even begun their life cycles
and will eventually develop into novel stellar types. New gen-
erations of stars will incorporate the heavy elements forged by
their predecessors, changing their appearance and life spans.

A s —
-«,_; Collapse - e

Protostar with
Fresh gas from Stellar embiyo circumstellar disk Star surrounded by
intergalactic planetary system

space @

Future: Star formation tapers off
/ as interstellar gas becomes scarce.
Stellar raw material becomes

3‘ enriched in heavy elements. 7,‘

Planets will, if anything, become even more abundant. Over the . Future: Eventually the Future: The bounty of heavy

vastness of time, rare processes such as direct stellar collisions :;:mf‘g:’s heavy-element enrichment elements makes stellar gas

will become commonplace. and dust shortens stellar life spans by more opaque, causing stars to St Hosts o rad
reducing the hydrogen supply. be dimmer and longer-lived. glant; fnner

= T More planets form, too.

Slow but Steady Wins the Cosmic Race P planets are
. swallowed up,

The life cycle of stars follows a simple rule: the bigger they come, some escape,

Future: As red dwarfs use

the harder they fall. Massive stars have more fuel but consume it 4 outer ones
at a disproportionate rate and go out with a bang. Because they live When laper 388 up their fuel and die, they =3 survive
for but a cosmic eyeblink, they rule the galaxy only as long as new ones are & it Ieaw.re behlndar!ew class of |

continually being born. The future belongs to lesser, longer-lasting stars. s t; ial back into M helium-rich white dwarf star. h

interstellar space

Mass (relative  Protostars  Time (not to scale) —»
to the sun)

SUPERGIANTS
When the mightiest

stars cease to generate
enough power to hold

up their own weight, they
collapse abruptly—which
can trigger a supernova
explosion or gamma-ray
burst—and leave behind a
neutron star or black hole.

5 million years

2K
50 million years

SUNLIKE STARS
Sunlike stars die by
ejecting their outer lay- d 1
ersasa colorful nebula, B Y P RO R SR
while their core collaps-
es to a white dwarf star.
The dwarf usually fades
away like a burnt-out
cinder but can blow up

by merging with another
white dwarf or cannibaliz-
ing a companion star.

RED DWARFS
Red dwarfs, the most
common type of star,
keep on shining until
they have converted
every last drop of their %I_ .ﬁ_ B 1 trillion years
hydrogen to helium. . Y -
They turn into a special Sir” ™ > > 9 * . * * L] . . * + :9-0-0-0-9
type of white dwarf. Helium white

H dwarf

BROWN DWARFS
Stars below a certain mass = ’ﬁ
threshold never get hot ’F;E &
enough to ignite proton- @3 ’L e —

roton fusion. They just ;
ool offand fode avy, htto://www.nature.com/scientificamerican/iournal/v306/n3/box/scientificamerican0312-32 BX2.html
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Life Cycle

of the Sun Now Red Glant Planetary Nebula
Gradual Warming
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http://chandra.harvard.edu/photo/2004 a
/h1413/more.html

Multiple images of a distant quasar known as RX J1131-1231(60 s +# 3§) are visible in

this combined view from Chandra (pink) and Hubble (red, green, and blue).(103-3-5 issued
by NASA) (Nature, 2014. DOI: 10.1038/nature13031)




BATENR IF BLIR| B3 TR

TRk 2 k%

NGC 1600 &
1010 |- - Ao
: I . NGC 1601
sl i ! | : \ *
S e /%'} o B % | : 2
e 41 § o WENGC 1600 T,
2 L . NGC 1603 | . - . NGC 4874

100 kpc = 5.6" . 100 kpc = 3.5’

*

L 1 1 R |
0.1 1
2 F X keo)

2016E43 PEFFRTHY AR T - X200
At 31,491 % # HNGC1600% 2 ¢ » v ¥ - BEH
¥A46-88REFFIEE » W T HHEZREHTNE Z
THRFE X ,%5%1@"% HE B FREAL70RE &h*
NGC1600§@ 2 ZRETE 2% 4 F ?'\— SRi A RN
% mg ﬁ? 4 ;lqu} 4 X & % 2y ﬁg\ % ﬁ#ﬁ‘?\? s e 3 ,& g} g1 ;(g_% g http://www.mpe.mpg.de/6537551/news-20160406
B FIEH 2K msfrﬁl #é-% t%‘% EEFERER AFRF

FAKFEFEHR > VRS R wEH e LA o

J Thomas et al. Nature 1-3 (2016) doi:10.1038/nature17197




10

Log, (Abundance)

H, He, Li, Be,
CilFe- 2%+
Fert ™ g2 —

9]

is normalized to 10°

4

o]
C, * Ne
.
] S's e
. .
* Ar Ca Ni
. ® .. 5
Na o Ti ®e 2n
. P N co «* Ge
F Cu' o
A Zr
B . . Te Xe
¢’ Sc GG....OI\EO Sn'.t.Ba
v As ¥ o . .
Be No ** e *°
In
L 1 L 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55

Z, Atomic number

HYDROGEN BURNING
I _pbb
H T-He“

\\l

—+——— HELIUM BURNING
AN
Tl\_’i
Oﬁ
N
4

.6 billion kilometers

]

About 10,000 km

—
Lol

A supergiant star

regions of a
supergiant star

»lupitcr'.\ orbit

1}
5 l ﬂ a=-process
B=
o 31 32
<2 Mag?4 P S
BE 0
el
K e-process.
G'S Isotopes 50 48
:z’l'& g?onup Slow capture( s-process i Ti
W =pre S
H "T¢ 2" (on Fe36 )
- --E'ia;zms Rapid capture (r ‘Dngg“)
"rf254n
Proton Rich ) cf on Fe
Isotopes ! g-decay
(p—process) | fission
y-process T | bi th
ranspismu Source: BZFH
Elements (U, Th.etc)
= Main Line: n;'?gz“r;'}gg —~—= Equilibrium: e-process
— Less Frequent Processes == Alpha Capture: «~process
<M Neutron cupeure:r‘_’gﬁ;zgii -~ —= Modifying Process: p-g
-

= wmp-Catalytic Process: CN, Ne Na cycles |——= Alpha decay or Fission

Hydrogen-fusing shell
Helium-fusing shell
Carbon-fusing shell
Neon-fusing shell
Oxygen-fusing shell
Silicon-fusing shell

Iron core (no fusion)




