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B M31 X AN BRI 0 B Ve R R AN, AT i R R i 48 A0 AR [ A 00 ¥ Rk,
ETEHEFARLMASER (KEZAXBABR D THERER) WiEsh %R E o
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B ORBERE, LURFIH B bR R R LR RS KA TR (timing argument) 255k
MR RN R, FIGSED, B RMETEMERS . SoAIBU0ITIE S KR & M31,
T My HARIFENE 3 505 M2 K25, BRI # 306 A (estimator). AL,
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Bahcall 1 Tremaine " % BN PEQNHLIT & T i My fiihie R R M B2 1
e Myr B8 M SR, JEAR RSy BTG ARSI —EUEIX 3 WA
B3R, Carignan SN WA, SR T N WA RMER, My FFRLRE T BRE M; i
MRTFH N — oo I, Myr WARUGKT M. 5, An Al Evans™ MELS LA /75 S5
AR TEIE, ERRIZ
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8  BUMEUES 30 ~5~8 176 4~ GC [14]
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H: GC—FRIRAEH, PN—ATERES.

20 fif. A, FERID 10 SENIX —ZE 5 CIB/NE 3.8 (5 4, R BRSNS EE A3 i pEA
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®2 AEFERE My NEEREE
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A B AR EUE 73 0 7.5 6.5 7.4 5.5 (| 5 4F) M 14.4, 13.5. 19.5. 14 (J5 5 %), A
My BTG K IR SN B e o UNEUERGE 10 R AT HME, B Mayo = 11 x 10" M ; Wil
15 SFERPFIE, WA Mas = 15x 101 My o 28 ERTIR, HYFRTBAEL My = (11 ~ 15)x 101 M,
VE AL 2 B R 80 155 & H T2 B v] B A 1E -

(6) TS5, M7 P BE B, 20 RO R B R B ™ L s
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e, WE My BEREEHE RERE T mE R D, o A B R
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10 A% 2 4 B AR 1 ) A

Kielk, BEE 20 R, KEHA Tk M31 AR RRE RS RAmR R,
N () BE T M3 (9 [ % o T AT bU AR R e 10% T, AT BROR B B A B
G # 2 UL E™, M31 B R MR K BT Rk R, B B B IE [ 4 0 R A
((—21.140.4) mag) 5% T8 RZAHRAE ((—20.540.5) mag)" . JRTi, WA MAELE 52 M %
(1% 0, 4 Walterbos F Schwering W A4RIAI R IOLT AR EEE L M31 #5432, Hodge' M
8 AR R PR SEM R R M31 REBZ.

2000 4, Evans Fl Wilkinson' " 8 tH, HR# A A1] 0 £ 0 45 52, M31 f 8 i (M =
12.3418 % 101 M) IRAT AN T A9 R I FE (Maw = 19738 x 101 Mp)™ s FFARix—55
B NEENF. Ak, W B A TR A A e I B X TR EEAS (Rl
Myrw)» $8 BRI SR N EE R T BUA R .

N 21 M5, KT My M Myw AN AR BIAS R W S AR SR A7 AR — S8 T AR A
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A, My = (15 +4) x 10 Mg, T Myw = (27 £5) x 10" My; 55— L8] 58 0] %
Ma > My B My /My > 170 352, Giovannih fl Baiesi ™ @il %X i A~ 2 AW
MEAEHHT, BB My /Myw = 2 ~ 3, F4EIIAY M31 551 78 BRI 5T B4R 7T A
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FLARTT R ORAF K
B2, HBREE] My A My 5E *%%ﬁﬁiﬁ?kﬁ‘]ﬁﬁ%%ﬁz, KERBEH IR “ &
K7, A HBARIE AL WA I 45 T

4 AT AR AN R AR A I E L

5 M31 A, HARRANE R3hF 2 R e TAEMAR A2 T, R AR R 2R
BRI R EMELE R, BRGEEME R R MST. B A R NGC5084. kA & NGC1961.
PSR /R NGC3992, LA 1R 3C273 %,

(1) M87 (NG(4486)

ERMTELRERBNK—NEEMREZE R, %N 16.8 Mpc. 1988 4 Huchra'*” A
BRCR B N R B R AR, HEH I MST AL 1 i & Myr MR RE My 753N Myr =
(5.31£1.97) x10'2 M, (Ruax = 14.7 kpe) I Mp = (6.0842.24)x 1012 My, (Rmax = 16.6 kpc),
AL FE IR EZER .

VE NI, 762 BT 1983 4F, Fabricant il Gorenstein' I F 5% Rl 74H K 5 LA X &t
LRI B RE, AR MST MR N: M = (1.2 ~ 1.9) x 10" My (Rmax = 87 kpc), PAM
M = (3~ 6) x 10" Mg (Rmax = 260 kpc)o 5 ER|HKIEE Rupax HZZER, KR M L
T My R Mp W RAFHE W] DLERAR I .

(2) NGC5084

XE—ANKFREFEEER, FHEZ8 30 Mpe. 20 LR H T WA, ZE &
() 5 RN Mo, = 8.5 x 101 My (Ruax = 34 kpe)™™™, 17 21t 971528 TAEFS H 11
R Moy = 1.4 x 10'2 My (Ruax = 36 kpe)™™ , W3 (025 5 25 22 42 R T WK 1 4 13 3 A
Vinax = 328 km - s #2513 T Vipax = 409 ki - 71

S —J5 T, £ NGC5084 Jii1%) 100 kpe {uF W itE 34 MERE R, Hi 9 MERBH O
#H <80 kpc. Carignan 8 A" MR A B 58 & WA BHX 9 MER REEA, HEILZER
(DL BN Myr = (6.3 £3.4) x 102 My . XH (7) nI#EH H NGC5084 R E N
Mp = (1.0 £ 0.5) x 10" My . fEEEHEHIHEINA, JE—EFENZE RS ER R
fliHE, 1 NGC5084 n 52 i i KIMEIRE Rz —

(3) NGC1961 (Arp 184)

NGC1961 & — MR IR K & S i A R, BEEZ1°8 41.3 Mpe. 1982 4, Shostak
e \PRRE S HT O, S B E RN Mg, > 1.5 X 10'2 My (Rpax = 30 kpe)e
KA, Gottesman 2 A" B NGC1961 AN 5 MERE R, BHIZERNBEHELN
Mp = 10" My (Rumax = 244 kpc)o fiiJ5, Erickson 2 A" k45 L B B R Mo, =
7.5 x 10" My (Ruax = 24 kpc), 15 ik Shostak 25 A 52 (5 & MIFFI . Mp 55 Mo, 18
MZEZ R, VEHEIEAMRR R R IANEAFLE S KR R R =
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(4) NGC3992

NGC3992 2 — NI AR 2 R, BEE 218 14.2 Mpc. 1982 4 Gottesman Fll
Hunter " #§ . BB RIS 00 AT 51, %8 R0 AR ER TR Mo, = 2 x 101 M,
(Ruax = 20 kpc)o AN, Erickson 5 A"t H T MUIAF S 1 E A Mo, = 2.54 x
10" My (Ruax = 19 kpe)o 5751, Gottesman Al Hunter 3&FIF NGC3992 48 i 4 4
PEER, JHHZERKBETEN Mp < 4 x 10" Mg (Ruax = 59 kpe)o BIEF] Ry HH)
ANFE], NGC3992 X 3 M2 EIF L 23 2 =

(5) 3C273

3C273 S — M AR B AR, A REENREAR (my = 13.02 mag), 4%
z = 0.158. 20 H40 80 LA, Stockton™ ™ 7E— Tk K TAEh KB, 3C273 I 48K X A
HI12 MER, 11 NS T A%, H, &EiR3C273 4 MNERZABEREKRABZ
% Az < 0.002. Bahcall fil Tremaine' W ZAF 4087 5 #iih, 1% 4 AR R 15 3C273 W3R
W, ) 3C273 KIRITHRFSIEE A 233 bt kpe, MHAEA S MNERH N Y RERBE T IHE
FRo EIG, AR X 4 AP B R B4R ) R AL TR, f3 Y 30273 MR &
N Mp =5 x 10" h=* Mo (A#EER T 2~3). WL A = 0.73, WH Mp = 6.8 x 103 M,
(Rmax < 170 kpc).

5 /NE5RHE

NTHERANE RS TR, AMIBEH T 2R ENEE. 7620 e, FER AR
B ARG AR, 21 HEWILk, EHUERE . RERRE . BRIV RS2 M
ERERTEM I E A, TR TAEMA&RZ MIEE R M31, REMR T EREM
5, My BB 2 R E M, H 258 R E Myw HEBN R, £2450
KEEL HIARI45 12

Evans 25 N7 () TAER H, 520008 2 5 R0 5E (0 rT SEvE 0 R R 2R EA: (1) FER
EFEARANG RPTIE I SRR 2 (2) B bR RMRER B Al (8 1A e M (3) BEALBGR K A2 Ak
(NS REBEASHIT 30%). IR, g R RSN ER B, 407 KiV/NX L R 1
AR .

TUATEA G ¥k, B 5l n] B85 DA K 1 el . A B 0OKG 5 1 R AR & T2
GAIA T T 2013 4 12 A SIS, &g T mf (A 2L 2 ool ill, v LA B bril & &
B2 AR RAR (ndE s Efolk B S MR R B B AT BORE, I nr A DA ] A 2 R I i
110 H A T B AN RS (BT B4 WANE RINEAT. B U7, M &
¥ £ BUA5 B 5 B o B R A (RO 1) T B . Evans A Wiilkinson' ™ % 4511, fnfei s M31 J&
2. BEEHOEE 20 < R < 50 kpe JEEIN 100 ANERR R B AR )3 B A0 E 47, R4 My {8
(Ruax = 50 kpc) FRIAHXS I 52 K B ik 2129 20% .
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Approaches to Estimate Dynamical Masses of

External Galaxies

ZHAO Jun-liang!?

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Shanghai
Normal University, Shanghai 200233, China)

Abstract: Kinametic data of satellite objects of external galaxies, such as dwarf galaxies,
globular clusters and other halo population objects, have been used to estimate the dynamic
masses of the galaxies in different approaches, including rotation mass, virial mass, projected
mass and TME mass (Tracer Mass Estimator), orbital mass, timing mass, stellar stream
method etc. During the 20th century, the main methods for mass estimates of galaxies are
rotation mass, projected mass and orbital mass. In the 21st century, the current approaches
turn to TME mass and stellar stream method, while virial mass and timing mass are also
used.

Among the external galaxies for which the dynamical masses have been estimated, the
most numerous work of mass determination is on Andromeda, M31, and the concerned results
are listed in Table 1 of this paper. It can be seen from these results that the uncertainties of
M31’s mass estimators, My, are usually quite big, and even bigger than M, itself in a few
cases. Because of such big uncertainties of mass estimators, up to now there has not been
the final conclusion for the most massive member galaxy in the Local Group, Andromeda or
Milky Way Galaxy? So far as Andromeda is concerned, it can be found from the table that
the reasonable estimate of its mass, Ma, is likely to be My = (11 ~ 15) x 10** M, based on
the results obtained during the recent 5~10 years.

The dynamic masses of some other external galaxies with different types are briefly
introduced, including the c¢D galaxy M87, the lenticular galaxy NGC5084, the special galaxy
NGC1961, the barred spiral galaxy NGC3992, and the quasar 3C273.

The GAIA satellite was successfully launched in December 2013. It will allow the
determination of the proper motions of some 100 globular clusters with 20 < R < 50 kpc
within the following years. It can be expected that then the relative uncertainty of the mass
M, will be reduced to some 20%.

Key words: external galaxy; dynamic mass; satellite object; light-of-sight velocity; dark

halo; Andromeda
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