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1.

Introduction

1.1{88

BERHE: XE. SE (RE) . BREE. BB, ¥

EENE: F—HASHERTSEIBalmeri A EESEHI4000AEKEE

TERFE

#Z & (HRD or CMD)

BEEWETEZRERER N, CFANFFEFRR), REBEFKR. BR. FnElE
BIENDER: NEPEINRKE 1B, SHEhRBanRkilie— 13

WE: BLWE, $HEREZERRIR (1.44Mp) . SNla

FEENIN, HOCEMN, FSERKKENN (BH)

B VegaBE RS, ABEFRR. BWES. XifEE. ABUE

EFRRLE

* Magnitude is defined as
m = —-2.5 x log (flux) + zeropoint

m, —m, = 2.5 x log (f,/f,)

* The Vega system: m,.,= O in all passbands.
e The AB system (by Oke & Gunn 1983):
Mg = M., = 0 at the V-band

constant zeropoint in f, (erg/s/cm?/Hz)
m = 25-2.5 x log(f,/0.363), f, is given in units of Wy

A0 V-band: f,=3635Jy=0.3635x10nJy

1.2 {RAR

SRS $R%2 disk, BEE spiral arm, #%IK bulge, R halo, EE#JR dark matter

RENSHHZ, MEEEETEIRAI =Tk

RITRERE

FRATRNERNER

PNGNTEERIOLEN
o ORTETFIEN: E5EN, NEEE, RN, MHERKR, 2, BH/BEEEEL, HEF21cmik
o DFIES: BT -SIEEINER, MRaDERT-LIINKER , BFERT-YEFFIRINKER, COmERH,

SRR L2 = —kF)\ - F) = Fge 0% = F) je ™™, K@i s

RERAMRER :

o MIFAMRR: LUtEKATL, FBAEARE, [EtSAEERR, IREHEEATSIH

o FREAMTRR: LUEATL, RAENERE, EORAEAR, URHEENRE. MIREERMHAMNS IEED
RTINS E

o REMFR: LUKIAFL, REEAERE, ROAEFR, FRHHEEHRE

1.3 ANER

o EXHARBHE
o BHF: MERR. FRER. IERER. HER. THANER


af://n17
af://n18
af://n39
af://n67

EFESHRIE

hEiR/EIEE R (S, SB) HHEIZE R (E) AHNER

HBIEENSPERNRENE | Bk, Rhd | TRREEHE

ﬁ% BEERNZOEER | EIMTEEEE
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RESFRNFENER, & |KENRE—RIHFEE SIFENEE

AEFENEE MEEES RIiEE

BESAESHNTER, =P SHAHEBRIVOSEN | ESSEME

BSBHERRBRD 53

IeEThBIEERHkITE BV HZESRIEERIE ERIAEER
EmidiE U

BHRNEENSEREZEER | BEEEZERZELH | EENSERS

thigizsh), SHREESRZC |WhEED, RREEE SEERESME

{EXHNiSzD PiEREEREEEEE | Hiss)

ERVESING
SRS IR RSN
EXWE: BRE, BRSE

FERE: B, BADCEERANER (B2) 98B

1.4 FHPPER

IeE-EhiEtER: WIEE, AEE, WKFHE, NBEIFFHFRE, FHFR

==y

FEF
. ZEMOR. SINa%. FEFLOR
AIERALHFHE:

o EEATRATHEA (T~103%K) : EI=SQI4

o IBFATER (T>10"2K) : FAHITLUBHIRFZMBEAEERNFHESLTF, BF (RF. BF) IREF
o BFAHHA (T=10"2K-5x10%K) : EFHMREFEKR, BTFREF CLF. iNMF. BF. HF) , ERuNF

R, PFSEM RS

o IEEIEYHR (T=5x10%K-10%K) : I[EREBBFEKR, BFNF. FEFORTEF
o EHBARKEIER (T~109K) : AL25%EEBIHHIRFNHFFERE, SRNRFTASEFZ, HEEREN

75%

o FEESRTHE (T>3000K) : BEFEESMTEERS, XAEBHBETFSEUCFEBER,

XHES
o SARTHER (T~3000K) : YEFHREEBAAE

#h7E

MBS,

VIR SHRETIRAS,

ESSEHETR

FHMKEREST, ERWK

—MRIERT, A9, BERER, RIEHSAT-EEEE, ERERTen. BBl SRETERiE, B, w8

ST ERG %, (B TRBIIRSKTEZBTIETSHN, BLE~EREIL,

FFENREMA, WEEHS, SEBX

HIMREENESBFE—RIBINESHFNEEFE,
RSN . EEHRERENDS FRNERFERE

REE

FrAETR

REIOTTRZEGMRRITN CRAIREEESEMEEGHIE

o FEMEEWHNERE, FEPUS. fFTHENE, AUFENEESRFERE
o FRIVEEWAIERE, FEPFEEMERAFHRNETR EUFRNEESEFERS

EERAPRSEREABHEIE
IPRERESEAT:
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I[mag/arcsec®] = Mg + 21.572 — 2.5lgL[L¢ /pc?]

BERIEE A, [d]=pc, BUERAERIESL, (L] =Lo/pc?, NIEIEEL:
KHHHES MG = Mg + 5lgd — 5
T
MW HY NS = 7d
laresechi MIRAIND = Tor e 60
. I[mag/arcsec®] = mg — 2.5lg(L * D?)
= Mg +5lgd — 5 — 2.5lgL — 5lgD

e
= — 5lg—————— — 5 — 2.5IgL
Mo = 5l93555 60 60 g
= Mg + 21.572 — 2.5lgL[ L /pc’]



2. Mapping our Milky Way
2.1 ABRAISBLEL

o =AMEMEE: Hipparcos, Gaia

o JEERE: DREIHRE

o EEMKE. RENGMH: BONARESERM T ERNASONE, EXNREREREN; XEN/NEEBERH
TERNASSERE, EXLEREERE)N. BERTER

o YIAYEEREL

o WIMARERE: BN, BAREEREAFHEANNEENEE

2.2 R RPRIESE

o ENFIEE: FIRMEEEV STEEEVHIXEITEV,, V= BTy > I55d
o DIE: RREBHEENGERNEFE/CEER

WHHE ("poor man'73i%) @ FIBIEERBEMUER, HEESEGEXRE
o RENEESN: RENEEBRANIGS

T
o HIR{ES

o EF: FIAReSRFRIEEFE, BaHRD EEICHFFEREMASN, WERRS
o MANER, INER, ERTRNSH

GLOBULAR OPEN STAR
STAR CLUSTER Geoup CLUSTER
Group of tens of of stars held Group of
thousands to hundreds together by mutual hundreds of stars
of thousands of stars gravitational attraction
Highly symmetrical All of its stars are the Irregularly shaped
ball of stars same age. having formed grouping of stars
f the loud of
Frequently contains bright rom gas Ea?tmﬁ:t. ° Contains bright blue stars
red giant stars
Stars in the cluster Located in the arms of

Located in the halo or are at the same the Milky Way and other

bulge of a galaxy distance from Earth. spiral galaxies

The star colors in a
Composed of old stars i Composed of young stars
that formed when the °'”"‘3; ':g"’f““’é“e 802 phat recently formed in
Universe Was yournger the cluster. the disks of galaxies
Orbits the center : ;
No longer forming of a galaxy Continues to form in
in our galaxy, the the arms of spiral
Milky Way galaxies, including

the Milky Way

o IRINEFMEE:
o CMD7F%: BWMNEIREFCMD (HRD) BEIEERUEEHTIR, WERIRAIES. FROTHEFE, KE
ES
o FEJGA: REFERREIZEE (L=50Ly) HEERXTER-HEXR
s EXEE: RER. FEINELANZE
otk HNIN, EESEFEMFRTEK, ATEEAIRZAHE
otz SIEEEASNIN, EEFMZEEENERHNSEANE, BARERR
o RARPOXE, BREEMEET. TIRFAERENS, BAREBRBALTHFRRNFADEA
o PLEREERTREL, BIINREER SHIRE—/I\EBD
o BRESAAN, ERENTLIEIFAENEENECHISIHRT
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o MEKSETRImASEEDNT0.SMHETEEEN, ATEIEERREBLNEE (0.1IR) , FE
BEBRDEE (AO) RRIEXSimMRAIF
o MWHRTRPOBRRENREGITITE:

B e EHIERILLINRER N

IRFRER B AR RR SRS FE L

B EENNEEETEHE=ER
HESREIXGI XN
FRHEsE IR TR

2.3 BERhEtE
o FiFERILIRE (LSR) @ EEBEFEN—MR, ZRSAMHERROIEERER (R=Reyn) SR OMBGCE=NERNE
=5
o RTRNREER: BRORANEE (wkX) B—BFANEE (T = 27/w) , BFRafESE
o NESRARERINL: FIBHIE21cmEMNSEERR, V, = Rosinl(w — wo)SIREEX
o {IruE: ANUESRIAER < ReynAEaIHILL

o fiEEw = V/ RIS
o YIATILERORE, RN, VK, V(R) =V, + Vysinl

. mRiEIG: V(R) =/ S48

o TEIRITARMES, MBEHEINMIEN, BEEATRREAE, EEBHEMTmEN
o HEIRITRZI, MEEAERS—H, BEERIMEN, MEREAE (MRAMBOFEELILFTINALE) |, ]
TRt hek e 2 SR TS #hEahm TR
o NEREHETEMERRRINNS (KLIR=15kpc) LISMIREIRE TF, RA—EFE—LEIMITRI IR B
IR
RURPAEYR: FEHRRNGE

2.4 BfESH

o EFRNE (ISM) : BEZEFENERSANERETERS

o ZEFIER: FIAV IR

o RIARHIFIHAID T

o FEMERISM: M\ FRIRFIEIBFNER, BEAS, BERRE, BREFEX

ISM- Phases (5) f is the filling factor

¢ Molecular Medium (MM): T~20 K, n> 10> ¢ Warm Ionized Medium (WIM):

O O O O O

cm?, £<0.1% T~8000 K, n~0.2cm3, f~20%.
+ MM is mostly cold dense molecular clouds + associated with HII regions, but
which are gravitationally bound. a considerable fraction of the
+ this phase contains ~as much mass as the ISM
atomic hydrogen, but occupies only a very + outside of HII regions is also
small fraction of the ISM. filled with ionized gas.

¢ Cold Neutral Medium (CNM): T~100 K,n ¢ Hot Ionized Medium (HIM): T ~

~20 em?3, £f=2-3%. 10° K, n ~ 10 cm3, £~ 45%.
¢ The CNM is distributed in rather dense ¢ The hot gas produced by
filaments or sheets, occupying a minor supernova explosions
fraction of the ISM. o In spirals, the ISM is filled with
+ The CNM is most readily traced by HI this component.

measured in absorption.

+ Warm Neutral Medium (WNM): T ~ 6000  ° Hotionized medium (e.€. X-rays)
K.n~023cm>3, f~35% * Warm ionized medium HII region(e.g. Ha)
] . ] .

* Warm neutral medium (e.g. HI emission)
* Cold neutral medium (e.g. HI absorption)
* Molecular medium (e.g. CO)

+ This phase provides the bulk of the HI seen
in emission line surveys.
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o DFE: BEFMAMR, SRTHIENRTFENRSF, CORRDEIERESHEREMIELL (X factor)
o [RFE: HASFE, TBESHOLIEEMIELL, RES21cmEEaRMIELY
o EZES: HIX (PDR)
EBRAOEFREN %, BENESEASHEZNNE. BEMHR. RAIRE
ISMBAREZEERENEEFR, BEXMMISMZEERE
ISMEIAMFAFIISED
SEEMREEE: SRS, RINER, SERFE, RIMNER, BESK, RAER
RTRDIR: Myust/Mgas= 1%, Ldust/Lbol(MW) = 30%, RRIRTERIAVEESS, ZIRFEER (PAHS)
SHFIYE
TEEFAAE (SFlaw) : Yorp = ALY, Blthe Kennicutt-Schmidt star formation relation

gas'
SFRIETES
o SFRIEREEMXEIELEITLERBEN
o ENMERIKREEEMFRRIRER
o [RIZBIMFHIEIREMIEEY
o 1RIB T EFRERIEMIRIS, MAH/PatbIRIEPa (A=1.876um) B

BB BN E L

Table 2.4 A ‘zeroth-order’ summary of the Milky Way’s interstellar medium (after J. Lequeux)

Density Temperature Pressure Vertical Mass Filling
Component Description (cm™) (K) (p/kg) extent (M) factor
Dust grains 107-10% Tiny
large = 1 um Silicates, soot ~20 150 pc
small ~ 100 A Graphitic C 30-100
PAH < 100 atoms Big molecules 80pc
Cold clumpy gas ~ Molecular: H; =200 <100 Big 80pc (2)x 10° <0.1%
Atomic: Hi 25 50-100 2500 100pc 3 x10° 2%-3%
Warm diffuse gas  Atomic: Hi 0.3 8000 2500 250pc 2 x 10° 35%
lonized: Hi1 0.15 8000 2500 1 kpe 10° 20%
Hil regions Tonized: Hil 1-10* ~10000 Big 80pc 5 x 107 Tiny
Hot diffuse gas Tonized: Hii ~0.002 ~10% 2500 ~5kpe  (10%) 45%
Gas motions Hpm)o? (ng) ~05  10kms™' 8000
Cosmic rays Relativistic leVem™ 8000 ~3 kpe Tiny
Magnetic field B ~5uG leVem™ 8000 ~3kpe
Starlight (vhp) ~ 1eV leVem™ ~500 pc
UV starlight 11-13.6eV 0.01eVem™

Note: () denotes a very uncertain value. Pressures and filling factors refer to the disk midplane near the Sun;
notice that the pressures from cosmic rays, in magnetic fields, and the turbulent motions of gas clouds are
roughly equal.
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Table 1.  The Galaxy: Some Vital Statistics

Disks
Neutral Thin Thick Solar Orbit Vo/Ro =29 %1 km s~ kpe™!
Gas Disk Disk Vo =220 % 10 (Ro/8 kpc) km s~
Ry = 8.0123 kpe
Argm g 0.8 y B 66 0l M M (<10 kpe) = (1.0£02) x 10 M
ass pe) = (1. .2) %
Lp (10" Lg)* — 1.8 0.02 M (<100 kpe) = (742.5) x 101 My
M/Lp (Mo/Lg) i 3 ==
] g Luminosity (bol) L=3%x10°Lg
Diameter (kpc 50 50 50 B, o
i ( ) e—h,fz e—h,_f’z e—hz/z My 20.5 £ 1.IJm My 23+1
Scale height (kpc)  0.16 0.3254 1.4 Stellar Mass M. ~(4£2) x 107 Mo
oy (km s™1) 5 20 60 Interstellar Mass Mysar ~ (T %3) x 109 Mg
[Fe/H] > 401 —0.5to+0.3 —1.6 to —0.4 Misar/b, 203
Age (Gyr)® 0 to 17 & 12 14 to 17 Total Visible Mass  Mayze/Mioe ~ 05 (B < 10 kpe)
o ~007 (R < 100 kpc)
Star Formation Rate SFR=2%1M;g yr!
Central Stellar Dark Matter SFR/<SFR>pogt~0.7£0.3

Bulge Halo Halo Mrsu/SFR ~ 35 Gyr
M (1010 NI@)Q 1 0.1 55@ Revised Hubble Type SB(r)bc pec
Lg (10%° Lg)* 0.3 0.1 0
M/Lp (Mo/La) 3 el - .
Diameter (kpc) 2 100 > 2000 Kennicuut 2001,ASPC231,2
Form bar? =38 (a? +r?) =L
Brale helg_%ﬁt (e e 8 e @ The total mass may reach 1.3 x 10’ Mg within r = 230 kpc.
oy (kms™) 120 90 = b Mger/Mgas 22 0.007.
[Fe/H] —1to+1 —4.51t0—0.5 &= © The total luminosity of the Galaxy is L ot = 2.3 £ 0.6 x 101 Lg,
Age (Gyr)® 10 to 17 14 to 17 pre-Galactic? Lbottot = 3.6 % 10" Lg (~ 30% in IR).

4 The scale height of the young thin disk is 50 pe.

¢ Age estimates are uncertain; see text.

#h7E

o EEGHESRENEX, WIMNENWAREEE—RILREFR, JiERHE MESHEE—RE/NEEN, SO&RF
a

o ENEREENEERMTIEZINIE, WTHEEADGER, TLMMEEFENE, EEENERENTERIR
K, TiEHRERCE

o MEHSEFRACXEMS (BIEMR) , MK, LXK, M/LE)N, EAKREREN CENRBATIRERN
ok

MERHNERAMS, MEX, UBEX, M/LEX, BAEAERYR
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3. The orbits of the stars

3.1 ERXR{RENE

» ERFIHZF
o ER (MERMHD) NEASEHEENMEREN, gl BRERRENRN, BAXSHEEE—F
1BREE LU B IEE T
o EERBEMSINHBO (r, 8, 2) RE
o S|HBHEEDTe (r, 6, 2) RE
o NPEIINEREENTIRE BEEENXR) @ BR, B8, FHHEX, Plummerkk, Kuzmini
* PMFRFIEHR:

o F—EHE: BEMSINKS, MMUTHRBEE—REMIASINZIAT
o FEE: (HAUBITRMATEINDE —4ARIS 10, FTEEMBREETTIHROAHIRRENNZAR
5173

o BES|INGFREMEEREETIE, INIBHRRRCEETE
o RESHERHEMAOTEE, BTHEITERSNERREMEL

3.2 Z{Fithig

o EERZS|NBALUS A— PN EEBTHEER SIS MEENNTRSRESH
o FB%: EnEERNIRAIN RN
o FBM: EEERUIFRIIRSINTE, AR EEEHESEEEE
o IBHARS: BREYR, BREVIIEose
o BIRS: EERENKHE, BRES¥ER, SRR elax
° ﬁﬂﬁr_ﬁﬂ_‘tcross, Eﬁméﬂiﬁﬂ_‘tdirect
o WTLMIERL (MEFR) © tdirect™>tclose™>trelax™>tH>>tcross
o TRBIIN: T IHESHNARZEIINRFERINE, E—EREUEEIREEIFERS, 1ZIERIt%
o [BEFK: BEMEFTEITFIIEE, SEMEEIEFINENNGE, XAME (BEERRELERSLEEN
AY#R) tevap=136trela><
o REERNW: REANEEGRHOERESE, NREEENR SIS HEERFINE
o ZIBYE: ZHERBRLERE, PORETIRIEM
o SHBRMAATFFEAERENEEINEEER.

KEREESERER/), TEZE, EFMEREATERRIVNERE, HMASHIE
NREEEEREEAX, NELS, EFRNNEERE/NTERIERE, SINIE

3.3 REAYHIE

o BERNE: B, T
o REiEH:
ap=R"—R¢? = —92(R,2) > R" = R¢”? — 22 (R,z) = —%(R, z) = R = R, + Xcos(kt + )
o HENEa):
Q(R, Rg - . ’ .
¢’ = % - (1(%g+)z)2 ~ Q(Ry)(1 - IZ'TQ o) = ¢ = o+ ARyt — 2%912 : Xsin(xt + 1))
o EMEH: a.=2" = _%_T(RVZ) = _%(Ra Z) — 2= ZCOS(Vt+ 0)

3.4 Lhif#EfYBoltzmannF 2

o WTFER. EXEAMRER, BEERSAEE.: BERRNNNHFRTHERFNNNE, HERFNF (R
IEE) EMERMKF A5 | DB ERTIE

 ZhiliiEBoltzmannisig: MEAMMNCIRENRERE

o EHRDNERNF

TRk

4|
B
GIEEeSen

B0 BO

=]
£
|=]
£
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#hFE

o WSBREISIHF5I1H%:

+oo a +oo
,',@(r):/ Fdr:/ F(r<a)dr+/ F(r>a

e For the Plummer sphere, PE =

_ 3nGM?
32a,

—3Gmpr...... r<a
—3Gmpa®/r*...... r>a
—2Gmp(3a’
)dr—{ 2 7rp(3a
—5Gmpa’/r
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4. Our backyard: the Local Group

* ERFIERFANXA!
o FERBNMRER
o REREHIARENX

4.1 {RARFER

* K. NEELCZMELELR
o AEREFTERNIE, TEAIPKNE
o EMEZERJIEFEMIKERISph, SHRIREFRELER

4.2 FEFRHPIERER

e M31§IM33, 5EMWaIEKER

4.3 FEEFRIAIRX

o AEHERRIA

o RIUFARIBMEIEE: SEAERENANETE, IBEREEX, FENEONEEE TR FE RS
DRGHE—SRE, EESHEREFE LT R, MEEESE LR ONRNGRN, BEIRTLAGEI9E,

o RTRAZIKER

o Eik

o ETHEANEF, BXERREIMRENEIGIE

* REBIEENCTREF

4.4 FEFRBHPIIRER

o LGHHIZRERDTH
I AZRERNEER
EREEAN, BERPFHPHERSHKRE
EHERK KA 2RI S E S
TEAEERRINERE
BEAERAEDER
o (BERENFEAKBoNEENETYIR
o ZMEERJEFEZMEKERdSph, SHEERIE: BHEERZAREEHEERNGEI W, SlIIEEE=E. BE
IREL. ARSI EERNH AR R E
e M32
o FEAHINEZdIrr, 5dSphtbig
o $ZEERHIfeedback{fEdirriEdSphiEft
o ABHEEZRMIEERAMFGESFH, Cetus and Leo A

° FEREERNEREFE, SMWLLER

4.5 FEFRERIKE

o REREFRIARE
o RERERFE
* FHARELSE

#h7E

o LGHEEFMRRIZFIXEELMCA, HoBIGRRMEZERMN

o REERMERXXESREFEMR, SCEHT

* Hip: WETHRFE. REAMWER, FISMRENETERESRERT/\REEENEEETTISMREZLL.
KTV ERE. RIRRIVET. EEVRTHENENSH. SRFE. EEHBARBEEZIINEHAILS)

O O O O
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5. Spiral and SO galaxies

* [EIFiERERNERLEN
* IEREREERIRS

5.1 E¥%9%H

o BERMESES: TEELGEIOAIINK
o EXHMEECCD

o BERNIFNG (RSEEEN) | EENE, BEFHE

. BERESE:

o BRMMNESERMST: I(R) = I(0)exp(—R/hg)
BRESEEEST: [(R) = I(0)exp(—(R/Ro)Y*)
AR SRR Sk
SE=ETS (Rfrom0to ») EERQMEE
EREEEST: I(R,2z) = I(R)exp(—|2|/h.)

o hp/h, (FFKATE) SERSHXER: BESRERNSEE
. BERFF

. FESEER

. BERTANEESEST

5.2 NS F

. STRBTER, HATERA
o HIEOEIEB21CmE, HISHRRRRIERS T

o HI20cmSEBIEEE R STRIHOLE, FREAISTE
o COMMMEL, $HFEMHT

. BEEE

o SOEFRPHYSIK: SNERFER?

5.3 BERSIEINRSE

o BERFENHESHE/ERISNXRR: HEMANERIEEIZL EFHER, BESXIEEREDEA
o MENEEV,(R, 1) = Vyys + V(R)sini cosd, MWEEE

[e]

[e]

[e]

[e]
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o BERPIBYER: NFRNMENER, FEENMENER, HAREBYR
e Tully-Fisher relation: XFZACEE, {HitERER

5.4 RERFS

o EFRNE
o ERNFM, Trends along Hubble sequence

¢ specific star formation rate (sSFR) = SFR/IM*, ERRIEEREMA, SFREE (Main sequence of galaxies)
birthrate (b) = SFR/ < SFR>=sSFR x ty, E&XKM=, birthratefi(k
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N

Table 5.1 The sequence of luminous disk galaxies

Characteristic S0-S8a Sh-Sc Sd-Sm
Spiral arms Absent or tight Open spiral
Color Red: late G star Early G star  Blue: late F star
“B—-V 0.7-0.9 0.6-0.9 0.4-0.8
‘u—r 2.5-3 1-3 1.5-2.5
Young stars Few Relatively many
HiI regions Few, small More, brighter
Gas Little gas Much gas
M(HI) /Ly <0.05-0.1 ~0.25to >1
Luminous Less luminous
Ly (1-4) x 10"°L (<0.1-2) x 10'°L
1(0) High central brightness Low central brightness
Massive Less massive
M(<R) (0.5-3) x 10" M (<0.2-1) x 10" M,
Rotation Fast-rising V(R) Slowly rising V(R)
5.5 EETE
o REDRK-EN: REIEE, TREE, s

» RRIEERIEFHIA, RRESERTIYIRIER (HERLIEBESEVIZZEINERS) ) (ERER)
o IEEDK-1ER: BISE, EiEE
o REMHAFIREREHE, MURRE?

o BERIRCHRLASITERIRMLER:: B2, EaFieE
o [N EfEEEENRIRERRLINIERE AU
o EXHE, BRI

5.6 BREZZEKFI
o 1ZEK
o ZEIZTK: PRSI TRERZENFHES, FEIiRE
RizEk: ERTFESAKPERERPO TS, KETEK
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Pseudobulges: Some Bulges Are Really Disks?

o BRBR Ho [ " All bulges '~
o BREBARILER; ZMHMAERK 0.8 //Elassical
o RREFHM (B, %E. K) g
o SEERHE (LEFBEHBE 00

K = i
o BHFH, E2REHHKoK, |
BBV, 0.2 ) -
e [ y
HATEZRHRERE 9.0 95 100 105 11.0
log(M*/Me)
o EHE (ERBEH) ARREZZ P, 2HBHE. HEKR, LEXK

) (B/T=0) £ & &4 14 (Fisher & Drory 2011) .

10 T T T T T ™ 10

. #‘;ﬁ‘ijﬁ‘ #&gﬁﬁnfﬁiﬁ}ﬁ ) g:lP‘uudnhul‘ge: 1 .
%#‘fi E; sk +. I + & 7 Bi

o EHFA, BEHO N, VoK pop s . 4o lawl 13

o BREZRAABZLZHIARR AN NI TN &
B Aiastdsk, FRGTAE w B e e

» RUBFENSHIIEEZOEE

o EiR

o EHFLAESER: B8EH, BESAK, BKE (maser) &5

o ARREMHTREIRE: MTRTNER, EENSKENELTERTIECNTORER, TLAMNRELX A
&, MHERPOERRE, SEZEHR0HIR, KEPLEE, PORRRE#RX

o BRFMEEERNEREN

#hFE

° ?Eﬁﬁﬁglgl\%rg Ltot .

i

+00 +o00 R
Lot = / I(R)27RdR = / I(O)exp(—h—)27erR = 27h%1(0)
0 0 R

RIEHEINBIHFER::

[ I(R)2rRdR [ exp(—R/hg)RdR ( R, eap( R, ) 1
.. = = + emp — ) = =
o, I(R)2nRAR [ exp(—R/hg)RIR  I= hr' 2
. R. = 1.678hg, I(R.) = I(0)exp(—1.678) ~ 0.187I(0)
S I(R) = I(O)emp(—hi) = I(O)ea:p(—l.ﬁ?SRﬂ) = I(R(.g)egnp(—1.678(R£ —1))
R e e

o BERMIEHE Lo
+o00 +00 R 14 , +oo o ,
Lio = /0 I(R)2rRdR = /O 10)ezp(~()*)2nRdR = 87 R31(0) /0 e *a'de — 8InR2I(0)
SRERZERAEHEIZR, :
 Jy¥I(R)27RdR [} exp(—(R/Ry)"/*)RdR

" [T I(R)2rRdR [ exp(—(R/Ro)"/*)RdR

. R, = 3461Ry, I(R,) = I(0)exp(—7.67) ~ 4.67 x 10~*I(0)

1
2

© I(R) = I(0)eap(~(m-)"*) = (0)eap(~T.67(5-)"*) = I(Re)eap(~T.67((5-)"* ~ 1))

0 e e
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WARERARISHIS, MERBFEA/N (RESYER) BXEE, BEXREEE (R, BIDERS) EXi
&, BEUSIREREHREMA, e
HREAIERER (Sd) , RFESMENEE (ESEE) Be, BAREREEIDFE, #oFEARTFEN
EEBIRR, IHERSNEEE, BEREERRERE
BUROAHTR (R, ¢) , RUARZIFEEENSISPOMT (Ry, ¢(0)) , WEIZIBEENLIR (R(t), ¢(1) B
(Rg+ Xcos(kt + m¢(0)), ¢(0) +Q(R,)t) , BPERR, 5
R = R, + Xcos(kt + m(¢p — Qt))
= Ry + Xcos((mQ — k)t — mg)

ZEBPIHRESERE n > 2, foixdkn <2



6. Elliptical galaxies
* MEEZR - B or S

6.1 EFRMFE

o MEERIHELBERK, HEERNRETHEERIMR
o EMEIEZR: Mpg<-20.5
o hEHREEZR: -18<Mg<-20.5
o IZMHEER: Mg>-18

o RAE=EDSTRIRMSersic's formula:

I(R) = I(O)emp(*(R/Ro)l/n) _ I(Re)exp(—b((R/Re)l/" ~1)
forn >1,b~1.999n — 0.327

wEHEER (DER) n>4, EMEEENPSHEERN~4, EHEERN =1
FEMA, BB, POEmSREBRE, SN

desmos

2 1+ %

QR & & &+

(& a
IREER: D (central Dominant) &R, BFEMEIIHEER
WEERNPUESE. ZHEENERERYIMER: The Kormendy Relation

o EMEIESR: O, ZXK, HREATEMHBEZERTHN
o RHEHEER: PUF, BRNN (T, BFRXUE) , TR TEABRERINEA
o BHEER: PO, ZXK, HJEERFERSERYdIr or dS

MEZERFR, L SEMILIRER: Mifiika =b>c, Kifika>b=c

o EMREIER: ihtkg=~0.85
o hEMEEZR: Wihtbq=0.75
o EHREEIALE:

o EMEIER: B (a4<0) , BahEIE, HERA, XGILANGIRIESR, FEJsER =AY
o hEMEER: BN (a3>0) , HaDEXIEIR, XGILANGIRIBITS, SRR

6.2 {BEIEz]
o FUBREERERNERREN R R AR TR
. BESREIELD, BREREES

e A mock-up of the galaxy color-magnitude diagram with three populations: the red sequence, the blue cloud,

and the green valley: most red galaxies are generally Es; blue galaxies are spirals.


af://n560
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A
RED
N
NCA
gre”
blue cloud
BLUE
Low luminosity High luminosity

» MEERNELAFEZEFERR:

o MSHKRR: NEMS, MEMLT, ERERGHA, EBFENS, XENS, HEEIRSEK (Faber-jackson
relation, or Dy, - o relation) , FSEKRFEBAIREL
o =BHXRR: MEERDHAEHEBHFER., BREENNTIEIRERE < I(Re) > FIFLIREIREI0(0)ERHI
=4E=siachg— N FEEMHA (fundamental plane) |, logR. = alogo(0) + blog < I(R.) > +const
o RRMEEREMITRNOBSITRHAES, BIUEHESAREM, WHEEREEERKEY maxEERERoZ
Eb SR BFEXRR: Vi /o = 1/ €/(1 —¢€)

desmos

[E=PN

o (Viot/o)* EXIMME SHEELERILLIR

o EMEIER: (Vio/0)* <1, EKHMAEE, EENSASUEE, EENSORUESHERRT
o PEHREER: (Vio/o)* ~ 1, HNEE, RISHERRF
o HRERMEENER, ERNRRGERERHK, REEEXE(IZRERNER, WHRRERSYFHAEN
EahFiRMEZ (KDC) : RiEks), RIE%D, SBFERS, BFEE

6.3 ERHISH

o MEERACLSBLIKS, 4000AKZTHE, UVIKERIESIEE
 MEZRERFE. E2E, SRTREIMEN, SHKREFRERIK
o BUNERGHIIIE
o NEMANMEZER, S, WEE?

o BAEERESBFEES? V
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o BHEEREREFE? x
o BN REEEIELEAXSERNERTISEFE, MR EHF?
o FRHIEHRERAIBalmer lines (ZAHB. Hy)
o EREMNEREENSERKLE (JMg. Fe)

o LickiZtgsq

* MEEFRMTTHREF

o MHEERATLINE (UV upturn)

o MRERTRILSAE: JSNEHFR?
o MEZRPAFSIK: EXGTLIKERESN, SIEEREERNSKHS, KR

o MEERNIRRER: HEERRRERNE S CERRNEERHIE.

D RIEER, EEHE

ENR: BEINEFSEFER, BNFE, AeRRERSREFES, BYFRE

6.4 FEYIRHER
- BESREMRSNESE SSK (OHER)  RREE, SIDBENL, XILR (BEX) , BEGEE

(DEER)

o MEZEXERESIFEENE: IFERAR, ERPONESD, RN
» REEFRERELITRERE, Mpy-oXER: ERZHKKEEERERHMMNERPORRRENELXR. RER
BESERAMFEIXR

6.5 BRIE ZAIZRLE

o B{MEAURMEIRE

o DRFEERE

Two Kinds of Ellipticals : Boxy and Disky

EERREERTIHRETRE

vkl

7

o SersiciEERAEIEE Lot

+o0 +o0 R +oo
Lot = / I(R)27RdR = / I(O)emp(—(R—)l/")szdR = 2nmR2I(0) / e "z® ldx = (2n)!7RAI(0)
0 0 0

e DA00OHEK, EREFE

0

Property Boxy (a, < 0) Disky (a, > 0) sk
Luminosity high : M, < -22 low: M, >-18 : [
Rotation Rate slow/zero : (V, /o) < 1 |faster: (V /o) ~ 1 "3_ :
Flattening velocity anisotropy rotational g
Rotation Axis anywhere photometric minor axis 2
Velocity Field anisotropic nearly isotropic -
Shape moderately triaxial almost oblate * . S i
Core Profile cuspy core steep power law TR g | - - |
Core Density low high 3-2° = - S ?o- i ‘ :! i
e uminoay 557 203 i gie e st L I

gl 1 i 1=y By 3 o 1 511

X-ray Luminosity |high low 18 st W O R
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o FENERFAREBRERT, SO&RLL, BEFESERERNEERAN, EXNSEFEMS, RPLKHEZ, A4
FE, JERL. IREFRATE—NENE—EEAN, BERERSELRFE, ARERECKT,
BB, RRIEEHMIRREF GEREAINERY)\, BEFENHREARTRRE, EBFERRE, JiERE

(REEIEHRE) .



7. Galaxy groups and clusters

o EVFHPSHERNUTERHIERAY, ERHNERATHEFHEK

 EXFMEREY, EFYEEREFHVIERHZE0- 10013

o EXRHTIEREFRNIANNERZ, ERFATHREERMSOEZERSESMN: MHRERVRENSERMEXR
o FHPRANSINRENRR: TRTHARTFENARELSE, LIRFHFSH

intergalactic gas of galaxy groups

Galaxy groups largely lack this relatively dense hot
atmosphere of intergalactic gas. However, far more
dilute gas between their galaxies may contain 90% of
all the baryons in the Universe. Since this gas is too
diffuse to cool by radiation, we can trace it only as it
absorbs the light of bright background galaxies.
Compact groups have hot intergalactic gas at T ~ 107 K
glowing brightly in X-rays and cool HI gas stripped
from the galaxy disks as they came close. Some of the
gas clouds were then heated to X-ray temperatures as
they ran into each other. Sparse groups' galaxies are
connected by long streamers of atomic hydrogen torn
from their disks as they passed close to one another.
Here, almost all of the gas has remained cool.

7.1 BRE: REZENFE

o EXRE NEERE NHERE CRERE
EFRHPHISK

ERERULL

 EREARSR: sIHFER

intergalactic gas of galaxy clusters

Galaxy clusters are filled with hot gas at

temperatures T ~107-108 K, and glow brightly in X-
rays. As new galaxies join a cluster they fall in
through the hot gas, and its pressure strips away
their cool atomic and molecular gas. The HI disks of
galaxies in dense regions, such as the inner parts of
the Virgo cluster, are much smaller than those
further out, since they have lost the cool gas in their
outer parts.

More luminous clusters contain hotter gas. Because
new clumps of galaxies are continually added to a
cluster, both its X-ray luminosity and the virial
temperature should grow over time. The gas is
reheated, perhaps by hot winds from supernovae,
or the outflows from radio sources.

EXNREMT: BaF7E EEE) , RENEE (RISEFNFTHELE)

o EXFAY, EREMR, FATMILAMIERIRIUZN—IREY: 20T, EREHSE T —Lilanss
o EXRHT, ERGIRIE ERSTERMAKES: ATHESEETN/ L FAEEREEERET

ERXAGEEAEG
ERERN=AIMER (LIRGS)
ERENmE

7.2 EEZEH: SOFERJSmit:

o ERH: =L (Virgo) BERHFIRIL, KIPFE (Fornax) ERFIERFEES, BAFE (Coma) EREER=, Zl

EE (Perseus) EXHXEIE&ERS

e Butcher-Oemler Effect: FELIR (z~0.3) EXFAFOXIFEERG] (fz) BFELR (z~0.0) EXH, 4R

ERBERRE

BREERTERRIME TRV CEREL

HMAHMSHNERR:

o RSIKGHE, BRENEEATHERME
o RMSINEEMS, EREXFIZCEBA

evaporation) , S{f&f& (feed back)

- BEXR: BESHXE, FRER (E/50) tHhE

FEREEMHENRE - EFXHR: EFOCENS, RE#d

EREHRSHAKIR? 2R (harassment) , HERIE (ram pressure stripping) , ##&%& (thermal
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2R HAHAARRR?

Calaxits can qo through...

o FERRTRURES, kot [

o ZZH 5 (harassment) : . HZ Z &
Rz M\ (%k) &k, & (~50kpe) 48
B, HEZZANHEBERAK|HLLEER

B9
o #/EF % (ram pressure stripping) : £ S .
FEZZAAANR (ICM) 2 FiTH, % sl

ANRNERS, AARBHEH. ERIHE
AXRR, #EAEREAKRLIGAEER

o #FE K (thermal evaporation) : ICM &
=R %% 5 TISM iR B, #REAICMAE
#HIISMF, mIEISM BEFHHERS
BBEZ63] ) mikik

o AARE M (feed back) : B A PAEA 2%
AFBREHNZEZBWRAR, THEEEZEF
# AR E AICM [high-2zF F € &)

e Galaxy Quenching

o WAAIMERHA: SHKERIEX, FHKX-rayfEEASHER, Sunyaev-Zel'dovich (SZ) Xk, 555|10&EH
o EXFEMN: EFURHENER EFYRNTREEREERZERGRERESK

o EXFRREMEL

7.3 EEWRL: &% or IKIF?

s ERDENN: R, AERNUTERANSERX, MEEFMERNEERNANNERVCTHREX,; BNERTSE
BXRER. W{ERE?
o "EE": DEMNEEREF RPN REZIEMAEHRNINE MNERERE T BEMHAKENER) |
SAE
o "INE" DEINEEERAFMEIIEKNENKRIEREARME TEHRIENENIRE, RINNBRIATHK
MNERPRES (BEEXEEERTEFTNAHEER)
o SERHIEERRL:

o LRMESMRIMER, BRIRFBEFETSMISR, TRIER: HRER
o ERHAS, MRSHNABHMERS, 18548, A& IERER
o INRRIHER:
o MEER: EERAF, EFRASHMEKX, HEMAEELM. RESESF
o IERER: ERENGFE, REERERRBREIACHZIBEEREXYIIER
o KRR HEENSERET SEEERNBEIEATLULRE. HEHYERNER
o BRER: AAURET, RRUBENMRL, FEREN, WESKNLER, BEERE
o EXHFHERIEN

7.4 ERIFIEYIE: SI1H&ER

o SINBEMN: HESCRAKHANEESE (HNER. EREARER) MAZER, XEaGBISERE—H, &
4o, ATETTRE

o HEXANISHEML: EFREER, BN
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7.4.1 3| 1 ES: ABRBRFE R KRBT

E+oazsixs

el I BEAMEEEGALE

L: #4%k, A¥
HM#S &R RAR

3
k
El
1S

plne
S BEMAELEE
d,: ATEFEE

BRI U REED 4

MR EMIFE A, HadT A

Various strong lens systems

_4GM

6. By aHAK: 0-BRAELEFERZ
6 AEE; 0XSAhBMRIZ M AES

2Ry RAEXEA¥1z,
=7, R=26Me

bc?
47

(@REEEE LEx

o Hp> o8, m2AME (6,
0.)
o EO REIRE EPIT
0,>p, HATREME

E@5hE: 6, > 0 -

o HO_LLOOIE B FHEGE
0_<P, H&ATEEME
¥BZZHE: 6_<6g

Observer

Cluster of Galaxies Background Galaxy

Optal P
—— Waverom

[rEr—

EFXNMERFARNE
5| hEEbITRE

SRR :

5551 0&E%R: EREXRNTERAGE, NERTEERAZREMEYS

49

IRR=E

& B M= 3R

HFRh+5&EZ (dxk) , BIAH
FEHEAER D (v ¥y xyd) : B
= ylds (ds>>y) ; 6 = x/ds (ds>>
x) ; x-y=oadig (dg>>xy) ; B
BLHHD=0dr,, (die,>>D)

wds _ 1GM dis | 1, i
ds T 2 diensds| 6 wr:ugf

o O RAZANEEZ, EHBLAZRI o
rﬂ E H ) ) )
s B=0: BREEFAEGRKE, ERRLAERRER-ANFEHOM AT

AR F BRRK, BRRAZF R LER—FILE
ABMA L, FTAFBZENANERSY : AAF
PETEYY Y ST TS T I

FREMAZGG: AMNERAL—ARRERR
REGEIR, K BN EF

BEMK (BET) B

o REEHRKE-ANDVER (ZR) W@, B
HRFEEAO AR (BR)

o INERKERKXERKGBEL: BALHMN
A Eze (BR) #HaR&EL

o R (ZR) WEAMEEAE R EFERTEMN

Eronzazs

mo

0—-p=

H@EAR, BARE LA ‘
.Ai(lmdve) 6do| 1 N \/m +2 L
A(source) tf dﬁ \/f‘ +45 B B

MR 54, EmALIRE Eix/y=0/B, £
¥ FALAx/Ay = AO/AP

BLEGL U0, EARE, BAENGLRK; &G
WARO LA DRBELNHERE, EVA—
MR BRAS T— MR D> AAZLHBEZA

RZHMNT, ERRVGRSBIMETA. FERN

Hih, REFEZEETEAEE I HMBREERNAIT R, BTRUREYIR

MEINER:
PRERAYR, REEE

Typical Properties of Clusters and Groups

REEEEFRAPH—KS | NDERRR, &
T3 DERAIATL, MRS CEEREERNNR. BTSHREIMIE

RRARRERN, SRt WUEERERIMEINER

¥RHZHELE S

ersity of Science and Technology of China

Property®

Rich clusters

Groups
and poor clusters

Richness”

Radius®

Radial velocity dispersion?

Radial velocity dispersion?
(median)
Mass (r < 1.5h~' Mpc)®

Luminosity (B)/
(r < 1.5h7! Mpc)

(M/Lg)?

X-ray temperature"
X-ray luminosity”
Cluster number density”
Cluster correlation scale’

Fraction of galaxies in
clusters or groups®

30-300 galaxies
(1-2) A= Mpc
400-1400 kms™*

~ 750 kms™!

(10M-2x10"%)h=! M.
(6 x 10"'-6x1012)n~2

~ 300h Mo/ Le

2-14 keV
(10125-105)h=2 ergs™!
(1075-10"%)h* Mpc—3
(22 + 4)h~" Mpc (R > 1)

~ l'(}'éI

3-30 galaxies
(0.1-1) h~! Mpec
100-500 kms™!
~ 250 kms™!

(10'25-10")h~
( 1010.5_1

IM;.;
0'2)h=2 Lg

~ 200h Mo /Lo
< 2 keV
< 10%h=2 ergs™!
(1073-10"%)h* Mpc~3
(13 £ 2)h~* Mpc

~ 55%




#hFE

s REAMNER || LIREVEIHREAM, BERMACHIEEEMNER | i, SEHNHFER, REEENRM
HE, B—HoHRIEHNEERCAER | IFEENEH. BERER | FEMEEMWYER 15|15, BHFV>>
o, RgmERE, SER I INENESIEE D, WEBZIER | ZEmEESENDN

GM b av.
m - M 1

Fy(t)

TRV v dt
MRERERALUGE, ER | NEEEREA
1 [~ 2Gm
AV, = ﬁ/_w F\(t)dt = A
tRiIESNETE, mIKEHLERRIEREE

_ 2GM
T v

EAM>>m, BUNREXPRIET KEDMEE, ZEERREHER || BRNSsIRIREERE M.

Av
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8. The large-scale distribution of galaxies
o FHTEPERSMIHTS: EREHE—LEENMKEKE, BEMHREER (BR)

8.1 MEMARESA

o BERLFMIKK: CfA2, 2dF, SDSS, etc
o EXNHEERFMEX: AEXREFMEINGIINEERE, RERIFS - BEXR—H. TReRT ISR
o EXNHAZEE: MAEXRE, WX, TEKE

8.2 FEHFMUESL

o BRURIBHRFZ
FHFRE

8.3 I FEHRIRAK

* FRWEM, =[AJHH=

o HEMMRR, HERETF, 1BFSE: YIRIERN() = imEREFat) * HahlERr(t), BEISEH( = (1/a) * da/dt

o FHPLAR, FHEEEMN, —HXER

o =FhEEE: proper distance r(te), comoving distance r(tp), distance light travelled during its journey rje = ¢ * (tg -
te). r(te) < rpt < r(tg).

o [EFRIIE), ERMFR

8.4 ERFIHESLUBHIXER

o JEIEE, AMERIEE, SABIXR
s BUBERNE=E

* FHEKNEREENRE, KSIE

o MR

 EXTRTE, SLUBHIXE

8.5 &GEigk: HFEIX
. PEERERIENNNE, BFEREY
SR, BRI

o NZREXE (REEFREATOL) @ BRAENOFE, IREEEIEMALBMEY, LHIFE
o AREKXE (ERESME) @ iRBEEENAFE, INENERRERETL T, Kaiser Effect
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9. Active galactic nuclei and the early history of
galaxies

* AGNFIIEEEERMIXE!
o AGNAYFARENX

9.1 EENEREZDE

o SERNEFRZAIIS RIS SKIE
o EFHUFER Seyfert: BEERZIIBRER., Seyfert 1 DLIREE, BLIA, Seyfert 2 ML
o HHER: BIEERZIMEER. DHRLITBHER (BLRGs) MIELIIEHEESR (NLRGS)

o HEASSHK: MEBSTRENEM, FiE; SURESTREXES, FEE
o KE({KQSOs: BEERWSSH. 10%N5IEIR; 90% G TH

o JETS{K Blazar: OVVs 1 BL Lac, HRIEYLEE
o (EHEZASTX LINERs, FIEBPTEXS
o AGNAFHIEGR: WBRIEN), ZEZEES

AGNs X

B LLEEL | U 0t | | I L | _I Tl Trrrrrrnld I_
8 ISt . 4 = O Seyfert 1 .
L hie BLLac | [, NGCasL 7
“E ostarizs T :
i = & i)
g o P e e e B A s At H
8 el b et
N QSO 1 ¢ Seyfert 2 4]
M -1 [ NGCc4941 51
4 Lt —] — —]
o [ quasar type e "
0 L | S 1 1 1 | oS s "y I | RS O L [ L ] ] _I L1 {551 N e I I {1 0 1 I | L e L L 1§ I_
4000 5000 4000 5000 6000

7I TTT | TTTTTTTTT I TTTTTTTTT | T T TR, \_ _| TTT I TTTTTTTTT TTTTTTTTT | TTTTTTTT l_
z iy 5% BLRG =
w8 — 3C 3903 -

= - -
2 4 Standard galaxy [ e -
Ak NGC3368 1 -
& B ] A T 1]
Q 0] | 5 I S T S A Y | | ] I D e P - 2 | ER AR I#
4000 5000 6000 N NLRG .
BLRG : Broad Line Radio Galaxy - CygnusA ]
Radio Galaxie a Raies Larges [ ]
NLRG : Narrow Line Radio Galaxy L ]

H = = A 5 [ ] | lw
Radio Galaxie a Raies Etroites 2000 s 5000
Wavelength (A)
9.2 BRI ERIZIRE

* AGNgER: FILBARERFRREEME, SNEIRREHENERR, BK5I/88
o BTILLE: BUREMT, RAESENFETSIARSAEE IR
o IRFREIREL:

o SSD: JUTE, WFE, EFhEAEmE

o ADAF: JUEIE, Y&, ‘e S
o AGNZE—1EEL: FEEBIAGNETUNENE, SIEIETSE. JeFENENERS R
o AGNFZRE
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9.3 EXIRSF IGM

o REMNRILE:

o MERWL: EIRTQSOsHMITAINEAIQSOsHMIRINR
o AR FETERRNE, ABERERR
* [BRHEaRS

o MEBAFMERS
* MERRRSL

e Gunn-Petersoni¥iz

9.4 BUBER

e Why?
e How?
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