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Evolution of

The Ring Nebula, a dying star.
Source: ]§ASA

starsfE & KIiEL

When we talk about evolution of
stars we mean to changes that occur
in them as they consume “fuel” ,
since birth through his long life,
until his death.
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Understanding the evolution of stars
help astronomers understand:

HE EAW SRR AN R IR REE E
BEREX:

The nature and future fate of our
Sun.
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Evolution of stars{BE KIJEAL

e« The origin of our solar
system.

. FEBIFRAT T AEKFH RBIARIR

« How we compare our planetary
systems with other planetary
systems.

. FHWEIXHLBRATRIT R RSG5 KAtk
ITERRGHEM AR
o« If there could be 11fe

elsewhere in the universe.
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The Ring Nebula, a dying star.
Source: ]§ASA




Properties of the Sun: the nearest
star and how astronomers decide it - important!
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The Sun.

Source4 NASA SOHO Satellite
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Distance: 1.5 x 10! m, reflecting
radar waves from Mercury and
Venus

BEES: : 1.5 x 10! m, AN /KEM
& B RS EEEN E

Mass: 2 x 1030 kg, measuring the
movement of the planets that
orbit around the Sun

JRE: 2 x 10%° kg, BEIWESHI=
T ERIETES H

Diameter: 1.4 x 10° m, from
apparent diameter (angle) of the
Sun and its distance

BZ: 1.4 x 10° m, HRIBAFHKN
HE () DURBER HiS e




Properties of the Sun: the nearest

star and how astronomers decide it - important!
ﬁm%ﬁﬁ——ﬁ%ﬁggﬁ%g&%iiﬁmﬂmﬁ,
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« Power: 4 x 1026 W, from
the distance and the
measure power from Earth
. HAHTHE. 4 x 1026 W,

95 H HBR S DL A s Bk 45
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o Chemical composition: 98%
hydrogen and helium,
studying its spectrum.

o WERHEL: 98 NAFR, @
SRR AT

Llamd

The Sun.

SourcesNASA SOHO Satellite




rropercries OL sStars = dlsStalllt OUulls
and how astronomers determine it——

1B PR 14 i — &

Orion Constellation.
Source: Besser Museum
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import

ant!
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Distance: from the parallax, or
thanks to apparent brightness if
the power is known.

FEE: FAME, REFECRHIIRUL
MREE ERE

Power: from the distance and
apparent brightness

h#E: FIHEEURMRERS
Surface temperature: Due to the
color or spectrum

REEE: KREEFASELERS
Radio: Due to the power and
temperature of the surface
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rropercries OL sStars = dlsStalllt OUulls
and how astronomers determine it——
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Orion Constellation.
Source: Besser Museum
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Mass: Due to observations
of binary stars

JRE: EIEWRNXNERZF)T
HAE3

Chemical composition: from
to the spectrum

WEARR: 7HrtiEE32)




The spectra of the stars
starlight, decomposed into constituent colors

R B R A A

e Astronomers learn about

065 HO 12993 ) )
" 4D 15865 astronomical objects by
ﬁ xﬁ& light that they emit
It 31 0 . R OCFEFGEI I R AR ST
: PN KR TR
;j 1L I :ﬂg:::’ o The spectrum provides
¢ = form information on the
':2 3 2235:;3 composition, tempgature,
0 it | 0 0 25065 and other properties of
s | Yol 758 stars
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The spectra of the stars
starlight, decomposed into constituent colors
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Stelar SApectra

Source: U§ National Optical Astronomy Observatory
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HD 94026
SAQ 81292
HO 13256

s B RREAR

Left: the first 13 spectra
of stars of different
temperatures (the highest
on top), the three
spectra at the bottom are
from stars with peculiar
properties
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The Hertzsprung—Russell diagram
There is order in the properties of stars!

w2 B E A RS TR R [A] A A e 1

« The Hertzsprung—Russell (HR)
diagram, draws the power
(brightness) as a function of
temperature (spectrum), the
ordinate “absolute magnitude” is a
logarithmic measure of power.

. HFE (HRED &HilH TIhE (RE)
5BE OtiER) HREceR, Y
“YaxtBE” —RINELINE

o« Most of the stars are on the
“main sequence” : massive stars
are hot stars and have high power,
the small masses stars are cold

o b it and have low power (bottom rlght)
Diagram HR . j(ﬁllé;‘r THE%IMZE{F “i}?w” o,
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The Hertzsprung—Russell diagram
There is order in the properties of stars!
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« The giant stars are on
top at the right, and the
white dwarf stars at the
bottom left
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Diagram HR
Source: NASA
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Variable Stars Z &

Brightness

Time

Light curve: a graph of brightness vs. time.
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o Variable stars are stars that change

their brightness with time

ZE: RinnE ke Ak 4R
HHEE .
Most of the stars are
variable; can vary because
they vibrate, shine brightly,
erupt or explode, or are
eclipsed by a companion star
or planet

ﬁ%ﬁﬁ%ﬂmié,ﬁTﬁ
AoAEE B 5 KIZES.
K~ 1BIE, BERZEHF
EEiTE) HER
YEH




Variable Stars Z &

« Variable stars provide
Brightness Important information
about the stellar nature
and evolution

R E R ABA T SUEZ2 K
MR SEARMAIFEER
15 B

Light curve: a graph of brightness vs. time.
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Binary stars (double) and
multiple

EFMEE

29 May 19926

23,4 May 1996
1 June 1996

4 June 1998

Orbital movement of Mizar, in Osa Major.
Source: NPOI Group, USNO, NRL
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« Binary stars are pairs of

stars that are close together
due to gravity, and orbit
around themselves. They can be
visible directly (as in the
image on the left), or
detected by their spectra, or
an eclipse between the stars.

WE I P22 5] HEREE
EiRiE, BEHSERERERS.
AL EME R ~REER:
JLHT, A2 ERTE LS
A ] PLE S E 2 8] K S

22 42 1l




Binary stars (double) and
multiple

XWEFERE

« They are the most important

29 May 19986
2,34 May 1096 tool to measure the masses
1 June 199& of stars
AN WERGRHEEEREIEE
BEERNILE.
a s e« Multiple stars are three or
///ﬂ more stars that are bonded
4 June 1998 together due to gravity
RERGRB=FH=F L
é)rbital. i%xgrlnént of I\I/Ijlglaggn 1\?& Major. E‘J‘I“E‘.E EE ‘ﬂ: 'gl jj 'f/E)EH ﬁﬁ%ﬁ%ﬁ
ource: roup, ] . i @ E(J ,l%g % .
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Star clusters “Experiments of
nature”

Zi I N = 2= 1 E 4 v

¥

o Star clusters are
2 it groups of stars that
N | are close each other
= il T due to gravity, and
' i ~ move all together
v ol e L throughNtheNspace
- s ERREREERE
i TR .
| | I B A== R P —i2 50 .

Open Cluster The Pleiades.
Source: Mount Wilson Observatory
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Star clusters “"Experiments of nature”

GIEPNT YL

« They were formed at the

same time and place, the

| e same material, and are at
y the same distance, only

¢

.'* e > '°_°'  E‘%E*H

R RS,
IHIBEE AL, AR IY

o i . ¥ differ in the mass
el A BT TR
T TTARCTRE N - ([

] T S A X

H

T . MR ZEMREAN

e« Clusters are samples of

stars with different masses

Open Cluster The Pleiades.

Source: Mount Wilson Observatory

=3
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but with the same age
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What is it made the Sun and stars?

NFHANE 2 B A4 H Rk ?

Abundances of chemical elements in the Cosmos:
birdseed H (90%), rice He (8%), beans C, N, and
O and a few of all the other elements (2%).

FHAPMEFETR :
90%ANZ -+ 8%AR - ik ~ B, BMEMITIR G T 2%, g
18 '




What is it made the Sun and stars?

AKRAAIE E A4 dH AR ?

= Using spectroscopy and other techniques, astronomers can
identify the “prime materials” that stars are made of

ﬁ%@yﬂ'ﬁ%ﬁ*%ﬂ Al BR, RICFESHA] BLRB M ARIEER “

« Hydrogen (H) and helium (He) are the most abundant elements,
and were formed with the formation of universe

SMzEeFEP=FENTE FEHEFEERERIEMELE
« Heavier elements are million or billion times less abundant.

They were formed inside the stars through thermonuclear
reactions

SHNENRBSLEGEESHNTES LEHHEHZE Y
BB TES B EEARRNNEEETOHAL D

W/




2
Elements created at the Big Bang He

Elements produced by nucleosyntesis, 5 3 7 8 5 10
in the core of the stars B C N O F Ne

Elements produced by supernovas 1 14 I 16 18
Al Si P S Ar

23 24 26 27 28 29 0 33 36
V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Kr
41 a2 43 44 45 A6 49 11| 1l 52 54

Nb Mo Tc Ru Rh Pd AQ Cd In Sn Sb Te Xe

73 T4 75 76 i T8 gl 82 a3

Ta W Re Os Ir Pt Au Hg TI Pb Bi F'u At Rn

105 106 107 108 109 110 111 112 113 114 115 116 117 118
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Ce Pr Nd Eu Gd Th Dy Ho Er Tm Yb Lu

92 98 100 101 102 103
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The laws of the star
structure

[EEREH

. Inside the star, as we go deeper, the pressure
Increases due to the weight of upper layers.

—“fﬁgﬁ'l‘;z%w” %Eiﬁ, %E‘IEE W%ﬂﬁ@ﬁﬁ’ y ‘
TR

« According with the laws of gases, temperature and
density increase as the pressure increases.

BB R, STFEESERN, EHK
’ glgﬂ{mg'&/&ﬁl J:O

21



The laws of the star structure
15 B R 451

o« The energy will flow from the inside hotter part to the
outside colder part, by radiation and convection.

%;ﬁth%WﬁMMET MRERRE RS HIER 2 1& ZE 2 5
HhREBRERE

o If the energy flows out of the star, this is will cool
— unless energy is created inside.

MANEHEEANTEH, WHEABRERER, BRIE
EHEFZHE -

« The stars are governed by these simple and universal
laws of physics

122 A B A X L] 4 Ty B G I Y EEHAE

22
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Example: Why does not collapse or
contracts the Sun?

Bl: A RBHE A B EE S ?

o Inflate a balloon as shown on the left

W B B s RS BK
o The atmospheric pressure is '"pushing' the
balloon inward. It does not shrink because

the gas pressure is "pushing' the balloon

outward.
RRESRKHEXNM[KARN “BE” , HEHT
NESE S E S, AR RAEWSE -

o Inside the Sun, gravity, pushing the material
inward, is balanced by the gas pressure.

HEAXBERG, RAGTEY
RRENDRRFE -

23



The energy source for the Sun and Stars

N FHAIE B i) g B R IR

o Chemical combustion of gas, oil or carbon?
RAR A HEBE R E R ?

« This process is so inefficient that bring energy to the sun
for only a few thousand years

XA HARRE, R LT 40 2
o Slow gravitational contraction?
ZIRHI5 7146

« This could bring energy to the Sun during millions of yeas
but the Sun is billions years old

SRR RORE R AR BT I, ot KRR

Bies

.
:] o




The energy source for the Sun and Stars
N FHAE 2 i) BE B R IR
. Radioactivity (nuclear fission)?

B (AR ?

. Radioactive isotopes are almost non—existent in the
Sun and stars

KRS AELE | B e T A i

« Nuclear fusion of light elements into heavier ones?
HRTEABRREZNRETLR?
e Yes! This is a very efficient process, and light

elements such as Hydrogen and Helium represent 98%
of the Sun and stars

%—:Eﬁnﬁtv A RYCRAEH, TOAAIWE. Fikies
v 0a-
EAFR I B

LffE B FRE&EREIE98%.




Chain Proton—-Proton is the main process
of fusion in the Sun

AN ERERZRAR R N— “PPEE”

Main Form of Proton-Proton (pp) Chain in Sun . At hi gh temperature and
density, in stars like the
Sun protons (in red)
overcome the electrostatic
repulsion between them, and
permeate to form * H
(deuterium), and a neutrino

(v)

ERUTREERS, &
REREE, BT (48) &
SUAREREF /IR H ("'T‘C)
Slz)rt?rtcoelzl;gflcs)‘?alllijglftional Telescope Facility %[] Ej'ﬁ&? Vo "
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Chain Proton—-Proton is the main process
of fusion in the Sun

AR BRI EERA e N—— “PPEE”

o Later, another proton is coupled with
deuterium to form *He

Main Form of Proton-Proton (pp) Chain in Sun .
Mo g0 WG, A—ANRTAR—ERB He.

« Later, the *He nuclei are coupled with
each other to form a “He nucleus,
releasing two protons.

ARfE, WTESRFREBELESHEN—
TRARFZ, RS EET
Result: 4 protons together to form
helium and energy (gamma-rays and
kinetic energy)

Proton-proton cycle » v
Source: Apustraliaz\fational Telescope Facility =R %Eﬁ:% )L /\)ﬁ ¥_‘:ﬂﬂ‘4)ﬂ27 e '7
97 ﬁiﬁlﬁ% ( U\ﬂ]ﬂg%%ﬂ}??*?d’

§
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The carbon — oxygen cycle

CNOfE¥1

« In massive stars, with
very hot nucleus, protons
(red) will put togheter

\\//mmwma P g with a '2C (carbon)
T - nuleus (top left)

ERXREEEY, BAERE
*&I’Eﬂ’ )ﬁ% (QI@) J@r'ﬁ”C
() fE—ke (FPALE)D

The CNO Cycle

CNO cycle
8012862 Australia National Telescope Facility




The carbon — oxygen cycle

CNOTFH S

« This begins a circular sequence
of reactions in which four
protons fuse to form a Helium
nucleus (top left)

Qg > il > XL R IEER R N —— P A
/O‘lzaclsasa \, o o ?Eﬂ%)&—/l\ﬁE?*z ( = E:IE—I:‘
nuclear catalyst ' o ) o

e A '?2C nucleus is recovered,
therefore the '?C neither be
created nor destroyed; acts as
a nuclear catalyst

' %EfiEZiiJ”?%ml 2 C%A%% , BR%
CNO cycle rEEHEHEER, ERZ \
Source: Aﬂgraha National Telescope Facility ,f/l_z y‘j ,f% 'f/t?f” %_% 5 T g AN ﬁ;% _

The CNO Cycle




Making stellar “models”

ﬁé{iﬁifﬁiéii ‘11§§5 ”

« The laws of the
structure of the stars
are expressed in
equations, and are
resolved by means of a

computer
T B 45 g LAV 1 JiR U R ]
PLEE TR 2

JaF LS
2.

30



Making stellar “models”

BAEE “PRAL”

« The computer calculates the
temperature, density, pressure,
and the power at each point of
the Sun or the star. This is
called a model

HEVAHEE. XE. K&

MIKPFH (BEGH ﬂﬁfﬁé) FJ%&tE‘Jﬁ‘ﬁ

» In the center of the Sun, the
density is 150 times that of

water, and the temperature is
15, 000, 000 K!

T8 FH A ) 25 B R 7K 25 B L
¥, BEEIAL5, 000,000 K! &

31



In the interior of the Sun

Based on a “model” of the Sun made with computer

ANFHAHES: ZE T HEVS R A

Density (kg/m3)

above the

radiation

FERZ D

“Temperature (millions of K)

Unn%zmty of Oslo /:[é:_g-g

o Inside the hot core, nuclear
reactions produce energy by
fusing hydrogen into helium

FERFHAR # 1% 0 X B
BIERTHANERTR
N IEAS BT ] SRR R B

« In the radioactive zone,

nucleus, the

energy flows out through
the mechanism of

Solar model Z;’I‘E“E@ﬁﬁﬂ‘ X —
Source: Institute of Theoretical Physics, ’ ﬁ%%ﬁﬁﬁgﬂ‘ H(Jjj‘ﬁ H




In the interior of the Sun

Based on a “model” of the Sun made with computer

- Density (ka/m3) « In the convective zone,

T between the radioactive area
Vi and the surface area, the
energy flows out by

{.',i%hotons convection

FE X PHEE S X 53R H 2 [8] 1%
@ X, geEEENHRIA A5
« The photosphere, on the

surface, is the layer where
the star becomes transparent

Solar model ABRERIIRE, 2 =
Source: Institute of Theoretical Physics, gE%Lﬁyﬂiﬁ Eﬁ

Unix%%sity of Oslo

A G




Testing helioseismology model

H R R H R 56

« The Sun vibrates gently in
thousands of ways
| (patterns). One of them is
v =1\ shown in the image on the
| .‘ i left

A BH K @MEEHL?:

ﬁﬁ%ﬁ%m,“ LA
Z BT 7S

Artistic conception of the solar vibration.
Source: US National Optical Astronomy
Observatory
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Testing heliosgismology model
H SR R 5

« They can be observed; This
data is used to deduce the

internal structure of the Sun,
and this, review models. This
f o\ process is known as
/ .i o | helioseismology

XL R E] DA, AR
Lo B3 ] AR ST FH B9 N BR 454
R, XM IERRAERE.

« Similar vibrations can be
observed in other stars:
Artistic conception of the solar vibration. astroseismol Oogy

\

Source: US National Optical Astron i “a 2
Observatory FEHARE B B AR IR
, BN BR.
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Testing the solar neutrino model

A 36 A FH A i T AR

o Nuclear fusion reactions
produce elementary
particles called neutrinos.

BRI RGPS
RKERTETRF—H 8T

o« They have very low mass,
and rarely interact with
matter.

MR R DRRE, &
DS E5YRAEEM

Observatory of neutrino, Sudbury
Sggirce: Sudbury Neutrino Observatory




Testing the solar neutrino model

WP NLE LSl kit

Observatory of neutrino, Sudbury
Spprce: Sudbury Neutrino Observatory

o Their mass was detected and
measured thanks to special
observatories, such as the
Sudbury Neutrino Observatory
(left). The results are
consistent with the
predictions obtained in
models

BRTRERRMMEEE, hin

, MERFEEAESRUTFRLE
(SNO, EE) , BAITABURE
I HBEHITHE. FEWN
m@ﬁﬁ%ﬁ@m*mm—;L




The duration of the life of the stars
R K —4&

e« The duration of the life of a star
depends on how much nuclear fuel has
(Hidrogen), and how fast consume it
(power)

BEEREMRELEZA, RRTEHFZS
//]';g?*ﬂ (2D , URHERERFZR (
I

o« The stars less massive than the Sun are
the most common. They have less fuel,
but much smaller powers, so they have
longer lives

L2, REHEIMHEERE—KE Hﬁi(
AN, EATHRRR D, (BT
38 NE/DN, BTAEfINEFESRITERK. X3




The duration of the life of the stars
THE R —4

« The stars more massive than
the Sun are very rare. They
have more fuel, but powers
much higher, therefore have
shorter lives

NEDEEERRESEA
SHEREKX, ENHEESRE,
{ﬁﬁﬁgﬁgmzﬁiﬁﬁk, Bt LA f R




How astronomers learn about the
evolution of stars

RICFZINTRIE FU1E 2 TR

o Observing the stars in various stages of their lives,
and putting them in a sequence of logical evolution.

WA 2 AL T A FEEAr BRI RE, HETIERGIEE
R H) “EFS]” b

o Making models using computers, using the laws of
physics, and accounting for changes in the

composition of the stars that occur because of
nuclear fusion.

RIBOEAE, ﬁﬁﬁﬁﬂ?i@ﬂ,%%?%%ﬁ&f
R P 1 IR R AL«
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How astronomers learn about the
evolution of stars

RIZEFKY

« Studying the stell

7%

-FUE 2 HIEL

ar clusters and/or groups

of stars with different masses, but with the

same age.

it 72 B FE 2 B

, X EE B FR AR R B 7= 4

H EH 557

L33

o Studying the fast and strange phases in

stellar lives (e. g.

MFAREEEESE
%%"r_%

41

supernovae and novae).

EFRE. FRHIBTE, Han




The evolution of Sun-like stars

RN FHE 2 FiE
o« The Sun—-like star does not

change much during the first

“90% of its life, as far as it
Comparon 1 26 o un 5 alnseqence o has enough fuel (hydrogen) to

continue with thermonuclear
reactions. We call it a main
sequence star.

Sun as a red giant - Eikmiﬁgm_‘éat?, QO%E(JE?J‘I‘H—J

e | BHA=kELL, HERREHRE

HREL: S. XM —MEFE.

o« When its fuel, Hydrogen,
exhausts, it expands into a red
giant star.

) \] [ 2o 2ebh, A
Comparison of size: Sun - red giant %’ ’:%*;L it %%E{ HTJ‘ ’ -
Source: AYgralia National Telescope Facility H@ H‘& )5‘2—‘%)? éfl: B E o R .

Sun as a main sequence =




The evolution of Sun-like stars
RONFHIE B s

« Inside the core, the
T ——————LeMperatures can increase
08 ved ghr enough to start to produce the
Sunasamain sequenceegy " —, energy through the fusion of
. b helium into carbon.

N soorsmR ewREEaE
Sun as a red giant, ! &ﬁk%

When the Helium fuel is
exhausted, again swells into a
red star giant wholesale,
hundreds of times bigger than

the Sun
Comparison of size: Sun - red giant

Source: Australia National Telescope Facility J:‘lﬁ% R E—J‘ ;—\E—: :ﬁ EF B@ H‘& , —
* BK, HHABRKEER. 8

R=100R.




The death of Sun—-like stars
RANFHEERIFET:

« When the star becomes a red giant, begins the pulsation
(vibration). It is called a Mira star.

SEEEMRLEE, Baniks), EmAaRiE,

« The pulsation causes the separation of the outer
layers of the star, producing a beautiful planetary
nebula (on the left)

XMk EEENPRES T, ERAEEPEMRITER
Bx
« The core of the star is a dense, white, small, dwarf
without fuel

HALARRT 18, 5t
BRBUN. FRRREHIEEE

44 Helix Planetary Nebula.
Source: NASA




White dwarfH%EE

« A white dwarf presents a dead
core of a Sun—-like stars.

RARFHEENT ERERRERE .

« A white dwarf star has a mass
similar to the Sun, a volume
similar to the Earth, and a
density million times greater
than that of the water.

AR R ES KHEE, S5
BRAEAL, HEERKKIE .

The white dwarf companion of

Sirius (below). Source: NASA
45




White dwarf HEEE

« In a white dwarf, the centripetal
gravitational force is balanced by
the external quantum pressure of
the electrons in its interior.

EHBEY, HREAKS]15mHAk
11 ML T I A A
« Many nearby stars, including

w (left) Sirius (left) and Procyon,
£ have white dwarf companions.

BAMABFZEERE, SFALE
HH PR R 2R B R Y] = IX AR Y B R 1
H, #EARERLRESEE MEﬂ“.

}

The white dwarf companion of
Sirius (below). Source: NASA
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The

| | |
Size of Star
(T
Size of Earth’s Orbit

| I |
Size of Jupiter’s Orbit

Betelgeuse.
Source: NASA/ESA/HST

47

evolution of a massive star

N =R R KL

« Massive stars are rare, powerful and
consume their fuel very quickly — in
a few million years.

KNREEEESIRMAK, HAERE
EERR, ENEAFER. ENFmEE
, NBEJLETF,

. When they spent their fuel, they
swell and become red supergiant
stars

SHARBE, SREBKELK
AN SU




The

|
Size of Star
(T
Size of Earth’s Orbit

| I |
Size of Jupiter’s Orbit

Betelgeuse.
Source: NASA/ESA/HST
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evolution of a massive star

N =R R KL

« Their core are very hot, enough to melt
heavy elements as Iron .

HZLARRE IR, B BB HERIXRAIE

TG

[

=

o Betelgeuse (left), in Orion, is a
bright red supergiant. It is larger
than the Earth’ s orbit

B ESEN (EE) , R—MNHERL
EE. BHHRMIUELE K.




The death of a massive star
KEEEERFET:

o« When the core of a massive star
disintegrates Iron, has no more nuclear
fuel and can no longer remain hot.

ERAERKREE, B TTEERTRER
2y, WA HPRERE. 2, Ok
HEERELERFRERIR .

« Gravity crushes the nucleus in a neutror
star, releasing enormous amounts of
gravitational energy, and leading the

I star to an explosion of a supernova

of an explosion of supernova (].eft)

sy e el EFER—Bh TR,
» 3ﬁmﬂﬁ&,ﬁﬁm§mﬁﬁkf
REHE (ZE)

IIrrlII




The death of a massive star

KEEEERIET:

« Supernovae produce elements
heavier than Iron, and expel
these and other elements to the
space, which become part of new
stars, planets and life

%%?EAF”_H%QE HEJLR, IF
E R HARY) R —RE M e T, XL
@Aﬁiﬁ%ﬁ‘] R TR A A

The crab nebulﬁ, the remnant of an explosion }5‘2%[35:}’ o
of supernova observed in 1054 AD.

Source: NASA
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Neutron starsHF+E

« The stellar cores with masses
between 1.5 and 3 times the mass
of the Sun collapse to become
neutron stars at the end of the
life of the star.

L. 5 3% AR R B R A
UEMES LI, PO A
R T o

« They have diameters of about 10
km and densities trillions of
times bigger than water.

Pulsar, neutron star in the heart of the Crab Nebula

The rotational jﬂ@tg}; that emits energized Nebula. | ’f l] E‘J“‘%j{é"] ?'\j 1 Okm, %{ T T
Source: NASA/ESA/HST ZK-E%Qﬁ ’fZ 'ﬁ% )
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Neutron starsHF+E

. « They are made of neutrons
; and more exotic particles.

1B T U R E
ARF BT R

o Young neutron stars rotate
. rapidly and emit regular
pulses of radiation of
radio, they are known as
pulsars.

Pul t tar in the heart of the Crab Nebul fd%mtj?é%ﬁ}ﬁi% 9:’
ulsar, neutron star in the heart of the Crab Nebula

The rotational energy that emits energized Nebula. }25 % EEXT mﬁ l‘yi Hj 5—"‘ EE‘%Q—‘“%](
Source: NASA/ESA/HST M, R ANKTE.
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Black holes Zjm

« A black hole is an astronomical
object whose gravity is so strong

that nothing can escape, not even
light.

R BRI R R RTE, BEEIREEAY

W BTRUEREI N, RN
Tk .

o« The nuclei of the uncommon massive
Artistic conception of Cygnus X-1, .
a visible Star (left) with a black hole stars (mOI'e tha‘n 30 times the mass
(right) in a disk accretion. of the Sun) become black holes when
N : NASA.
ource: N them the fuel runs out.

ERLEE R RKREEE GEI30FHIA
FHERE) #RIREHR, B3R e
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Black holes Zjm

Artistic conception of Cygnus X-1, a visible
Star (left) with a black hole (right) in a disk
accretion.

Source: NASA.

o4

« One way of black hole
detection: when a visible star

is orbiting around them
(left).

R B —M MG SRFARES
NEEESR RS (EED .




Cataclysmic variable stars

BARE

PR— « Many stellar corpses -
(4‘?741. white dwarfs, black holes
' or neutron stars — have a

normal visible star

orbiting around it.

WEEER “Fig” —
AZRE. BASEhTERE
A — W B R AT B2
A star with a normal cataclysmic variable Ejﬁ ﬁ%%

(left) and a white dwarf star
on an accretion disc (right).

Source: NASA
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Cataclysmic variable stars
AR AL B
« If the gas from the normal star
falls to the stellar remnant,

the accretion disk can be formed
around it (left).

S e ) mBSEIEE RS AR
A ©BEER LA W BLR

' | : » b \}% Fz:/--‘%iﬂ (# = =
v i o When gas falls on the stellar
k- | corpse, it can burst, erupt, or

exploit, this is a cataclysmic

A star with a normal cataclysmic variable star

Variable (left) and a white dwarf star

on an accretion disc (right). %%%%}ﬁiﬁ ﬁ‘lﬁg “« ):['fZIK »” H?J‘
o NS Sormh. BAE MRl
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The birth of stars
15 B2 A

o« Stars are formed inside the

molecular clouds (nebulae),
of cold gas and dust. [EERE®EAT

P NFr (B 2%, FEHRSE
?:E»“' R4 B

1+ Interstellar dust and gas

made

18

about 10% of the matter in our

Galaxy. FEBRATHIERT R H -

A K2 2 PR AR A SUE

Orion Nebula
Source: NASA

57

H, 10%




The birth of stars
15 B2 A

« The young stars can generally be
found inside or near the nebula

from which they arose. £ FEE—
RCERAEVE AR P 7E b i) 2 = PSP Bl P

s "¥ -« The closer and clear example of a
4 4 7"stellar nursery” is the Orion

3 Nebula (left), around 1500 light
years away.

BERAT B (SR TR 72 e
s “ERFLF —R SRR, K

Source: NASA EE%% 1 5007‘[|ﬁ£3 )

58




Interstellar gas
The gas between the stars

ERFS

B2 A K <AE

. The interstellar gas (atoms
or molecules) can be
activated by ultraviolet
light from a nearby star,

producing an emission
Nebula (left).

ERpSAk (BEFESTF) &
s aplin LEE‘J%?%%QT R ﬂ‘/
BRGES (KB

The Orion Nebula. The gas is energized by
ultraviolet light from the stars in the Nebula.

Source: N%%A




Interstellar gas
The gas between the stars

B2 A K <AE

« Cold gas between the stars,
produces radio waves that
can be detected by radio
telescopes.

EERBPBR I EE
g%& e FH o e B2 R R
|8

« 98% of the interstellar gas
is made of hydrogen and
helium

The Orion Nebula. The gas is energized by 98% E@ E 3/"]_"\‘% %%ﬁ%ﬂ ; o

ultraviolet light from the stars in the Nebula.

Source: N%A
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Interstellar dust
Dust between the stars

B hRad
.
L '
I/ \\ A
o .
AN
Gaseous Pillars - M16 HST - WFPC2

PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA

M16
Soru@INASA /ESA /HST

tELE [ )2 2

« Interstellar dust near the
bright stars can be detected
in the visible part of

spectra %ﬂ&ﬁi B b
§J R PAFE G B ] D6 U B AR U Il
|

« Dust can block the light from
the stars and gas behind
(left). The stars are formed

in these clouds.

IR B I

Keek (£B8) .
L= = 2R NS

FH 5B EFfS 4
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Interstellar dust
Dust between the stars

PR A3 3R —

Gaseoué Pillars - M16

PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA

M16
Soru®@ZNASA /ESA/HST

HST - WFPC2

tELE [ )2 2

« Only 1% of the material
between the stars is dust.
The dust particles are a few
hundred nm in size, and are
mostly silicates or graphite

e B RE 1% R 2R,
g =abyr 2 U A AN 2 R D INEES
XK, FERFRIZMNAOE.




Star formation

{EETE AL

« The stars are formed from
e parts of a nebula called
: | nuclei, which are dense or

compressed. {EEMFHHES
HRI BT, oo

« Gravity is responsible for
attraction of nuclei. 5|/

1 FAS it B 2 A% 0 X 33K

Artistic conception of a planetary system
in the formation process.
Source: NASA

GE




Star formation
15 B Ik

« The conservation of angular
momentum increases the
rotation of the nuclei, which
become flattened and finally
convert into the discs. HT
fAshEFIE, MEZORESIAE
ﬂﬂﬁ, &‘D‘%Qﬁﬁizy %%&E&

SR

« Stars are formed in the center
of disks. The planets are

Artistic conception of a planetary system fomieel i @i ColESe GUie

in the formation process. partS of the disk.

Source: NASA TEEWEF”‘ g 5 ‘E,J'::"t;‘
ot FEAE BESME B IR A




Protoplanetary disks: Proplyds
Planetary Systems in the process of
formation

FATER: BRITERGHIRE

« Protoplanetary disks have
been observed in the Orion
Nebula (left)

EﬁF?Efmﬁmﬁﬁiﬁ(

« The star can hardly be
visible in the center of
the disc.

RMEERERTOLIEE.

Proplyds
Source: NASA/ESA/HST
(15]




Protoplanetary disks: Proplyds
Planetary Systems in the process of
formation

i IERATERGNERE

o« The disk of dust blocked
the light that is behind.

TSR EE T ESER
MLk .

« These and other
observations provide a
direct evidence of the

formation of planetary
systems.

R AR NIT B ARG HITE AL

Proplyds | e /I\T . E%‘L‘[EEEO

Source: NQGSA/ ESA/HST




Exoplanets = extrasolar planets
Planets around other stars

RIMTE=KFHRINATE
F GeH AN TEE HI1T 2

HR 8799 Planetary System
ﬁwt2mm; ’ « The exoplanets are

usually discovered and
studied through

c gravitational effect they
have on the star, or
through the light dimming
of its star if transit

OCCUur.

RIMTE AR B NHE
EH)5| IR EE HTRE
2 SCIDAENET A BT E-Y

Syst planet HR 8799 > r N S
8507?166;: e(:X.Ol\/[:f()eis et al., NRC Canada ﬁm;‘ﬁ'f—fﬁ% H(J ©




Exoplanets : extrasolar planets around
other stars

RIMTE: HSEHLMEENTE

« Very few have been directly
captured (left).

HR 8799 Planetary System Rﬁ’?ﬁ’/“ﬁg?ﬁﬁ:ﬁi&ﬁﬁﬁj (# 23 ) °

(Sept. 2008)

« Unlike the planets in our Solar
" System, many exoplanets are
huge and very close to its
star. This allows the
astronomers to modify/correct
their theories of how planetary
systems formg.

v SRATKMRTMTEAR, FE5

System exoplanet HR 8799 AT EIER BRI H&E ﬁ LE X
Source: C. Marois et al., NRC Canada M EE R EFKH — B IEIE ERreS
08 SIERHIER T .
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Final considerations
-
glzl o

. “Gravity drives the formation, life and death of

stars” [Professor R.L. Bishop]
“Bl| HIRFEBEE —ERRAE . ELRIT:”

o The birth of a star explains the origin of our

Solar System and other planetary systems.

152 FIMEAEARRE T BATKPH RMFARAT B R GEHI7

« The life of the star explains the energy source

that makes life on Earth possible.

ﬁ‘fﬁé KI—AEW B T A RedR A EHER _ERiA
A
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Final considerations
%11:1

« The life and death of the stars produce chemical
elements heavier than hydrogen, that stars,
planets and life are made of.

1HE REAASE T A T B TS H)
EE. TEMAMRABITER.

bR, X

o During the death of a star, gravity produces the
more stranger objects in the universe: white
dwarfs, neutron stars and black holes.

EEERLTEREF, 5[/ O FHEEN T Ena
RHRIRE: BRE. FTFEMRER.
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Many Thanks
for your attention!
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