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Galactic Longitude
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Evolution of stars
Evolution of "brown dwarfs"
Evolution of "planets”

ITREEKN

O =
o) ;o
"

log,, Age(yr)

F1G. 7—Evolution of the luminosity (in L) of solar-metallicity M dwarfs and substellar objects vs. time (in yr) after formation. The stars, “brown
dwarfs” and “planets” are shown as solid, dashed, and dot-dashed curves, respectively. In this figure, we arbitrarily designate as “brown dwarfs” those
objects that burn deuterium, while we designate those that do not as “planets.” The masses (in M) label most of the curves, with the lowest three

corresponding to the mass of Saturn, half the mass of Jupiter, and the mass of Jupiter.

Burrows

M /Mg = 0.08 (80 M), core H fusion
Spectral types O, B, A, E G, K, M

M /Mg =0.065~0.080, core Li fusion
M /Mg =0.013~0.065, core D fusion
Spectral types M6.5-9, L, T, Y

6657758853
M /Mg < 0.013, no fusion ever
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ABEEEERE - OB B associations

Visible * WFPC2 Infrared ¢ NICMOS

- o -

Trapezium Cluster ¢ Orion Nebula
WFPC2 » Hubble Space Telescope « NICMOS

NASA and K. Luhman (Harvard-Smithsonian Center for Astrophysics} » STScl-PRC00-19
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y obscured core reg x 3' surrounded by an extended envelope cover
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Where is the supernova (remnant)?

c.f. the Orion-Eridanus Superbubble
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Fig. 10.1. Nuclear energy generation as a function of
temperature (with pX? =100 and X, =0.005X for the
proton-proton reaction and the carbon cycle, but p?Y* = 10®
for the triple-alpha process).
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Structure Equations 18 5 &5 K6 /5 #2

dm(r) ,
Iy = 41tr p(T) Mass continuity (distribution) P = P(p, T, ‘u)
dP(r) m(r)p(r) Equation of state
= = 7 P Hydrostatic equilibrium _
dr rz K = K(pl T,l,l)
dL(r) 4r?o(r) a(r) § Opacity
= 4TlTr r T ti
dr P q nergy conservation 0 =q(o,T. 1)
dT (r) 3kpL(r) — Nuclear reaction rate
dr T 4ac 4ntr?T3 by radiation
dT(r) y — 1T dP (T) — Energy transport
dr - y P dr _ by convection

Boundary conditions: m(r) - 0and L(r) - 0asr — 0
T(r) - 0,P(r) > 0,and p(r) > 0asr - R,
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Hot stars --- peaked at short

wavelengths (UV); mainly
He lines, some H lines

Relative Flux
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the visible wavelengths;
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Blackbody with T = 8000 K
T - Terr ¥ BA

n,
F,(erg/s/cm/cm’)

Apparent Magnitude m = —2.5 log (Flux) + ZeroPoint
v The Vega system: 0.0 mag (latest ~0.3 mag) at every Johnson band

v The AB system:/ABmag = —2.5 log,,(f, [ergs™' cm™ Hz~1]) — 48.6
MpR — Myega = —0.09 @B, 0.02 @V, 1.85 @K 65




The Pleiades = M45

Sterope
v pjcyone A POSS2/UKSTU ¢ *
' R v A Taygeta
< C A £%ZZ% | simbad.u-strasbg.fr/simbad/sim-id?Ident=Alcyone i : oYY
. FGS1 Jikic- .
@) Portal Simbad VizieR Aladin X-Match Other~ Help ST'fc\fszg:; RE '#-'a'a
3 : : g ’ : > <Latemrs ; i ‘Calean?
Alcyone e NICMO G <~ ACSHRC T
Pleione e 4 . v "
B X 3 A&MCY‘?”E A *Electra
other query Identifier Coordinate Criteria Reference Basic Script TAP Output Help e I ] : -

modes : query query query query query submission options

Merope

-

Query : Alcyone > ')—) ") i 3 _ 3light-years
P z"a & A Y " 1 parsec

Basic data :
* eta Tau -- Be Star

Other object types: Be* (), * (*,AG,...), ** (**,BDS,...), IR (IRAS,IRC,...), Em* (EM*), PM* (2018yCat),
X (1E), UV (CEL)
ICRS coord. (ep=J2000) : 03 47 29.0765529 +24 06 18.488347 (Optical) [ ©.39 ©.25 90 ] A 2007ARA...474..653V
FK4 coord. (ep=B1950 eq=1950) : 03 44 30.4243985 +23 57 07.529070 [ ©.39 0.25 90 ]
Gal coord. (ep=J2000) : 166.6682570446 -23.4552145963 [ ©.39 0.25 90 ]
Proper motions mas/yr : 19.34 -43.67 [0.39 0.33 90] A 2007A&A...474..653V
Radial velocity / Redshift / cz : V(km/s) 5.40 [1.2] / z(~) ©.000018 [0©.000004] / cz 5.40 [1.20]
B 2006AstL...32..759G
Parallaxes (mas): 8.09 [0.42] A 2007ARA...474..653V
Spectral type: B7III C ~
Fluxes (9) : U 2.44 [~] C 2002yCat.2237....0D

B 2.78 [~] C 20@02yCat.2237....0D
V 2.87 [~] C 2@@2yCat.2237....8D
R 2.84 [~] C 2002yCat.2237....0D
G 2.7730 [0.0052] C 2018yCat.1345....0G
I 2.88 [~] C 2002yCat.2237....0D

@ O2MAss@pssO spss v|

3 2.94 [~] C 2002yCat.2237....8D All @D) (CDSPortal)
H 2.97 [~] C 2002yCat.2237....0D
K 2.94 [~] C 20@2yCat.2237....0D Send to 4

http://simbad.u-strasbg.fr/simbad/sim-id?Ident=Alcyone



http://simbad.u-strasbg.fr/simbad/sim-id?Ident=Alcyone

SIMBAD

M 79 -- Globular Cluster

Other object types:

ICRS coord. {ep=J2000) :

FK4 coord. (ep=51950 eq=1950) :
Gal coord. (ep=72000) :

Proper motions mas/yr:

Radial velocity / Redshift / cz :

Parallaxes (mas/:
Angular size (arcmin}
Fluxes (7) :

* (CD,CPD,...), G1C (2013484,GC1Y, X (1E,[v2ee1]), c1* (C,[KPs2012])
@5 24 10.59 -24 31 27.3 [ ] D 2006MNRAS.365.1357D

@5 22 @6.97 -24 34 7.8 [ ]
227.22915 -29.35152 [ ]

2.47 -1.59 [©.061 .02 90] C 2019MNRAS.482.5138B

v(km/s) 205.84 [0.19] / z(~) ©.000687 [0.000001] / cz 205.91 [@.19]
(Opt) A 2019MNRAS.482.5138B

9.837 [©.0031] ~ 2019MNRAS.489.38935
1.6000 1.6000 @ (~) D 2008MNRAS.389.1924F

B 9.21 [~] E ~

V 8.16 [~] D 2812A7....144..126D

K 5.67 [~] D 2068MNRAS.389.1924F

g (AB) 9.006 [0.030] C 2014MNRAS.437.1725V
r (AB) 8.570 [0.0844] C 2014MNRAS.437.1725V
i (AB) 8.351 [0.0844] C 2014MNRAS.437.1725V
z C

(AB) 8.178 [0.844] C 2014MNRAS.437.1725V




https:/ /www.astro.ncu.edu.tw/~wchen/wp_chen/index.htm
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@J EE%& jij\ ~ I

E-XKWENS ~ e
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Fi -

https://www.astro.ncu.edu.tw/~wchen/Cou

rses/StellarStr /01.properties.pdf

W. P. Chen ([ 3C B ). Chair Professor of Astronomy

PhD, Astronomy, State University of New York
at Stony Brook, 1990

Carnegie Fellow, Carnegie Institution of
‘Washington, Department of Terrestrial
Magnetism, 1990-1992

Visiting Astronomer, Harvard-Smithsonian
Center for Astrophysics, 1996

Joined NCU since 1992.08

Research Specialties (3 #17T 277 &)

Observational Astronomy; Star Formation

Publications (#f %2 3 )
ADS, ADS New, Google Scholar,

ResearchGate
Reports and Articles (£ 3 1 )
Teaching Activities:
+ 33§ & I % (General Astronomy),
* 1§ B K& 84k (Stellar Atmosphere
and Structure)
‘*- 15 B % H #1351V (Stellar Formation

and Evolution)

% 5454 B 4 & (Search for
Extraterrestrial Life)

- £ 8 #I (Astronomical Observation)
+ X X £ % 2 (Introductory Astronomy)
-+ E B ¥ F (Interstellar Medium)
‘*— £ & & 1k (Scientific Writing)
Students and Postdocs
Slides for Public Talks (AR iE#EE EE)

Projects T am currently involved

My frequently-visited web sites


https://www.astro.ncu.edu.tw/~wchen/wp_chen/index.htm
https://www.astro.ncu.edu.tw/~wchen/Courses/StellarStr/01.properties.pdf

12 2 HILHE ©



N B N NS KHENER > HREEHN R MHHE
W %'5%3—?'%$ BRI E SR T R ST
R R &

FTEEAWRERFIZHY > RABSEES > KAE
A o BT MW al A

AR A TR A ERTRBREAR T E = Amc?

At Bt - BT ELA6RF - FEt R U7 B0~
VEF > HEFRIBARKIE (RIEITE AL

B i 0hH 2



KB ()
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12 T YT T, T YT T T T Y T | ]|
1M+ H -
10 Abundance of Si d
o [ eoHe is normalized to 10° ]
s L o o
B C_ e l
s . 1 Ne Si Fe |
8 8 B | . e o S =
N \/\N/\ & A : 1 3

% 5 = | | (WY \ .l' Ca /N Ni ]
2 S , || e *\/\Qr @ e 2
s +F | INa & YV Ti ee V) 5, :
A R VA v :
S < —L'._ B ) Cu '...f e o Zr X 5
1 5 Sc a o * o .0 Sn . . 0 . Pt ® 3
4+ Be Nb ¥ NS 8O0 e 0 o WIS Th ]

E In Pr . e e J* Au Bi —o_
-2 - Re K
_3 E 1 L 1 2 1 P | PR P 1 = L Pa L a-Pa gy .y -B% P | ) BN PR ST TN N P | .L.J. 1
0 S 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85 S0 a5

Z., Atcmic number

v X,Y,Z = mass fraction of H, He and all other
elements (“metals”) Z: metallicity

vX+Y+Z=1
vV KIZEE Xy =0.747; Y5 = 0.236; Z5 = 0.017

Data from: Katharina Lodders (2003) ApJ, 591, 1220

Ng Ng
[Fe/H] = logyg <N_e) — logyg <N e)
H star H

log (

le., 1 iron atom per 20,000 H atoms

NEe

o

= —4.33


http://upload.wikimedia.org/wikipedia/en/7/70/SolarSystemAbundances.jpg
http://upload.wikimedia.org/wikipedia/en/7/70/SolarSystemAbundances.jpg
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Luminosity of the Sun
(compared to the present-day value)
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1572 Tycho supernova

1604 Kepler supernova
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http://www.arikah.com/commons/en/1/14/Tycho-supernova-xray.jpg
http://www.arikah.com/commons/en/1/14/Tycho-supernova-xray.jpg
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The Expanding Crab Nebula
1973 to 2001
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150 Mg TFHRBFTH BREENK > 5| JBEFEHBREHE -
BRAREHE IREZE LR

TABLE 13-1 Evolutionary Stages of a 25-M, Star

Central Central Duration

Stage temperature (K) density (kg/m?) of stage
Hydrogen fusion 4 x 107 5 %103 7 X 10° yr
Helium fusion 2 X 108 7 X 10° 5 X 105 yr
Carbon fusion 6 X 108 2 X 108 600 yr
Neon fusion 1.2 X 10° 4 x 107 1 yr
Oxygen fusion 1.5 X 107 1 x 1010 6 mo
Silicon fusion 2.7 xAD? 3 x 1010 1d
Core collapse 5.4 X 10° 3 X 1012 0.2s
Core bounce 2.3 2 1019 4 x 10V milliseconds
Supernova explosion about 10° varies hours
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