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ABSTRACT

Using the Schwarzschild’s linear programming technique, we obtained the general
solutions of the collisionless Bolzmann equation describing the spherical galaxy in
dynamical equilibrium. From this calculation we have confirmed the existence of
isotropic spherical galaxies obeying a de Vaucouleurs’ law which includes a dark halo.
The flattening profile of the velocity dispersion curve seen in the elliptical galaxies
can be explained as the increase of mass to light ratio in this dark matter. The space
density distribution of this dark matter shows that the core radius of the dark matter

is smaller than the effective radius of the galaxy.
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7t 23 THHE 7Mg s T8 2R YRTZE 73 3] 7458 AS E box Al
E7FORES AA s B2t Fe 3 A 57 ¢ 425 o] A gl olE A= 7]
Agchar £38 ol Levison & Richstone(1985a,b)= 21 T el Mo 3lE Jx ML =92
w) M/Lo] A35hE dark YR E 7MY 42 AH7 LR E A &L AFHY) e 44}
o] AEA FolAL 2FHA ArUoRE 4T A EAE ¢ Qv 2EL FALt =
Levison & Richstone(1987)-2 Z+Z+ oblate2} prolates] 7}7}2 triaxial 2389 H 2 HE] FA3 A=
o] FFE YA Schwarzshild(1982) &+ S AE FH29 =3 B4 3 AL 7o Fysio] 24
€ FU3A 29 Vietri(1986)> 2l-23t2] 3 Ao tf3) 3] A= triaxial 2H L TS}

Richstone & Tremaine(1984)+= Schwarzshild B8-S o] &3t o) A £519] Ynt B3 A &
o] 2 AN F8 M/L & 23471 a0 weld 2 AANA #&8 £ B4 goz A
M/L 3t BA A EA7F 2& 2 A 39Tl Richstone & Tremaine(1985)= U¥l 2 &-2 M87o] &
4ot 39 F5 FAR &5 B4 FAHo2RE 23U Agd ga= dRS M/LE 1A
°] Duncan & Wheeler(1980)7} 38+ vl 53 233} 8523 23} o)n Sargent et al.(1978)2) &
g oL BB o] Frh

o] =RAXE Y23 A Hoj= £ HA 2A
Hetx] G THA F AL 2 FUA B dark S Q20 7%= Aoz M gtrh o]
d 7H3 8ol Schwarzshild ¥ & o]§3to] G383 HY AefolA o|Ale 2P L

FH dojd SRR FAL FA5 O HS ot uz} Stk 270X o] RN AR 3}

Schwarzshild 8] €22 && YW AL, ool B2 3 JHABE 37l AA AT 281 4%
4L AAL 537 6l olof tha B9t AEL AT

o

o
oft
=
i
P
Wl
&hd
23
oX
s
o
R4
ol
ok
oX
o
fu
K

2. A28t 23atel HE n@ ) wil

SAYA) Y1 BE Ao FriAAQA I3 By e FH Lot Yo u|SE Bx
Ao 73 A HE F3E ¢S L Richstone & Tremaine(1984) ©] Schwarzshild 2
718 ¥ (linear programming)& Ag-3to] 7otk o] W& zH7) thE oA e EFS 7
Ae 7ted A8 AEES AYstd 78 T oA A= 52 A1A dojdl W] Bxg B
H & = Yotk

21 U=Rmet TEIAMY
FHLote) Ree A7) At NS B AL FEoke] 2 4] 27 W E S Young(1976) o]

ul o

o

e
A3

of

-

+]

g FAL Ags] 21 A
Tj-1 <71 <75
rj1=0.01 x 1.21153' " ey

& 2ol 48 #5 S FEFE FHANN IS M/L v E 7Pt AA) e B A
=23

flo

27 /0oo RS(R)dR =1 (2)



SPHERICAL GALAXIES WITH MASSIVE HALO 67

2 25, c2RE FAA NF 2 F9EH T US S(R)S & Yk A7 HA-
AL 12 343 gt 7] g4AEY Uesh dAS e 2=ty A FdEe] o
2o
p(r) = rj-1 <r<rj (3)
zzﬁzgﬁ,n+:aui CER %mqﬂmAMWHﬂ$%€%mﬁ%$%%ﬁﬁﬂ
S(S(R))E HE )
= 2n / " RS(R)R 4)

st 2ol 2% % Atk AYF PAINE A% 1A AAN T FFS INBE Y=o G B
2age

A

w=%m%—&mm (5)
o} 7o) T ciATh A F A Y THUEE A8 5] H9F Ao 4% PAY A < N)ol
nHE G
4 3/2

5 ol =Y = R = i) = R = )Y+ (R = 1Y 6)

02 7 4 At o e 7 oA FASHR ugolN Y22 BE 4R 3V UL E 7Y
4 Atk 9oz UE REAN LHFHORE] UF FE BAYE

M(r) = M1 + 3mps(r = 80) ™

oz 7oAtk 7Y FHEANA 74 ¥l U Poission P42

1d [ ,dUY _

o7 RFHHEY], o] o2 RE
U(r) = Uj— +/ der(zr) (9)
79 ZAAU(E D€ 5 Aok o A& AR FH02 Re Qoo Aol B TAEE

1 1 4 1 P, 3
Ulr)=U(rj-1) + M1 ('r‘ - ;) + §7rpj (-2-7‘2 + =i 57‘?_1) (10)

-1 r
9} Zo] +& 5 Yt}
22 W R MED A= HE
oA 23 73 T HdE Be EEFFE 7517 Al E50] o] TN 285 e
s AR FHE Addorsch A AL A=E st A=del £utE o] Jde AV F A=
2A mol A 2z Atole] W 718 MR M A EE gtk 7+ t A 2319 isolating integral o1
29} Z+-eF ] F7)0]BR of RE A AEF A=EY FFE Z FAANA HF o]

1
r= 5(1"]-_1 + ;) (1)

-l



68 CHUN et al.

3 zon, JUA T} B ola ST L, 985S 3t A9 2L oJUE AT Z

o] L
"\?.' %}: ] E}'a C’q"—‘] ‘l“él’_’"] ]"\g'i ‘?‘"E_% ﬁg?_!:}- O}t[ﬂ_.;] % oﬂ\;‘ix’!g} Z}-g_—%%}:_‘;‘ 37]“6 Z}‘Z_IL
41(12),(13) °lo}.
M .
E; = Ulr)+ %—g’) (12)
L = [M@E)"? 13)

:’q]E— —;‘{—QQ] 3]8‘_}- %‘;E—-’] TE“:‘?‘.% :rL‘é']—7] —,—]6}] 7_}‘ %0] @%___] L‘Hoﬂj\‘} Iﬂ_l?_\_ }\]7‘1_34_ 7_}_ @ﬁoﬂkl_o/]
£ BAE 7O AUHE A5 BBAA AR A4ALE 3 oA Zes A BA
L

I

o sZRE 2% 4 glch
‘E‘}B‘Zﬁ]ﬂ '%}.Aé%n‘ol @—8— 1%”} 7‘“5_7]' 7@%—_-_] J?l'oﬂ gltl-‘a O]nﬁ“ ?]]Ey}. D}'TE_"‘]I\:H_RH 7@’_20]] u']"lj“"\f

}‘}7\_]_'1711']‘9—}-%73 g"l ;‘(j)d HOL%}O“ T‘“@” ”'—“1\’5:— ‘E'}C} }‘é%y é_y Ur.ijao't.rj"\:_

mij = 1, j=J
=0 J#J
Orij = 0
L}
= g2 (15)

8} o] o)At} olu TA AT YA 4rl thE BAY Juiw 7 A R %A]‘}%fg_:q]

vk AN 58
L2
vri(r) = [ (E U(r) - )} (16)

oF 2ol Hstd, zZt AEA AbelolA A A=} jAA ?Jl¢°ﬂ o 5= AIZE my;

rle

T T T
S ) (17)
oz Fof Atk E3 AAHANAMY AXMSEE ZAFH LR
d
v_r =207 (Tai —T5a-1)""? (18)

-ﬂ' Zg"°l ?al;\g.‘:}' 017]/\‘] Ci= @“-’F—o]j‘l" rrAT %]_Aé;é]o] _?‘];‘(13}_1 Sd“f 7@;‘_{__]2] ﬂ»?’go]p}. JHE
= ‘%].}\6]71(5]-?’}' ELAng:‘O“}"]-o’]’ Tnij%

mij(apocenter) = ZQZM”(;—TSI)
T j—

i pericenter) = % (19)
ri\Tj

o 2ol 7¥ 4 Ak 223 AYATH 2H AeloiAel 24 AANA AU S Bu% 4NER
24740 AN 9 BANAY BA = BaL 27
o _ L

T 97
3

(20)



SPHERICAL GALAXIES WITH MASSIVE HALO 69

2L?
(rj-1 + Tai)?
2L?

R ;w’)2 21

°2 78 4 Ytk SASE E4L 94l Ak B JAAA
fv”dt fv”'dr
fdt fdr/vri
oz BN, AH S$EE AR i~ Ci(ra —7)V/2 022 AXHANNY 7 SE 2
T8 5 dth fASH idA Aze i $E = B4

2
Ot.ij

(22)

af,ij = v(r)), pericenter < j < apocenter
1 .
0'12‘.ij = 5’03«;("']’—1)7 j = apocenter
1 .
ol = gvfi (r;), j = pericenter (23)

2% 4 sith
23 BEES TR B

AR 2 de 3 gl o me
598 Byt of
Aol RS AR LES SAA ¥4 3,

AxeE 59 A7 V2 2710 A58 A w2
Z AT B3 A7) AL AFA(w)E B3 2

K _‘E.
rsL'
st
ottt

¢ mio
4
4
Sk
N
£ rlo
&

Ef‘zlwimﬁ =M;—M;_,, j=1,2,...,N (24)

oz R, o] 2R JFAE FY £ AT AFAE o) ohd BEUSEA LuS
o goz

f(E, L) = $g:6(E — E)3(L - L) (25)
b 2ol BAE 4 Atk A7IA g Aol o) X G4 A% P57k obd BEAY BE0)A)
B A2s Fold AA LHE S BEE ALY 4 Atk VM AEHoT Pojop B B
9 gte 29E EUYUE Sp(R)T $UT SE £4 opolth Sp(R)S 239 402 91 A
2 R7}A) A4 Bere vt

Sp(R) = £iL1(ZiLwimi;)z; (R) (26)
Ae & Qrh 2E BAL 747 A B gtol & AA AP wet A FTI A

Sp(R)oB(R) = Ef:l LK wimij [Zj(R)Uz.ij +y; (R)(atz.ij ~0a2:)] (27)

o2 vehdth o714 2 (R)% (A& $ ARSI



70 CHUN et al.

1. 28l €9 7Y dark | g2 245,

Te 0.1R. R. 10R.

¥ 1.5 2 2.5 1.5 2 2.5 1.5 2 2.5
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1 1 100 0.05 0.1 0.1 0.001 0.002 0.001
5 10 500 0.1 1 1 0.01 0.004 0.01
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