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On the spiral structure of the (M, R) —diagram fo a certain

class of stellar models in Newtonian theory.

B it
Tetu Makino

Abstract
We study the (M, R) — diagram of the stellar model described by the Newtonian equa-
tion of hydrostatic equilibrium of self-gravitating barotropic gas in spherical symmetry.
This article provides a mathematically rigorous proof of the fact if the equation of state
satisfies suitable conditions, which are similar to that of neutron stars, the radius R(¢)
and the total mass M( &) of the stellar model with central density 1 /& tends to limits
Ry, Mg spirally in the (R, M) —plane as ¢ — +0.
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ZhiZiE, 8B55A(2,1) oML, £hzu=us(r) (r>0) &Thif, Zh
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1
bax\* 7 :

(4,100 f(u)~(%5) rT
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(ZZTxid (3,6) THASEY
EVWIBEEHERTMTH S, u=us(r) BO<r<+owllfEEIIT, KRE (F.) I
EVr=Rs LEHELD, v5(x) LTHILGELTO<x<+oollIEEEh,
vi—++4o0, pi—=0 (xr—+o0)
LBBZLIIVLHEAATH B,
(4,7) 2R 0%
(4,11) z=P(x)'(v—vs(x))+qlx,v—0v°(x)),
q €A? (a1, Jow+J*w, B1)
LT3,
fRo=v (x,e) ARG



(4,12) v—vs(x)=0b(e), x=¢ca”™
THRELLZETZENTE S, 2L,
(4,13) b (e)=v (ea*, e)—vS(ea™)
THoT, a*>1 IR KELEST

[0 (a®) —b%|=%’
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FSROELIORER (A4 (3,3)). LDV
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(4,17) 0<zx<a, wSﬁ=%<+w,0<esm
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ANSER LA LI, HEMBo=0(x) Bx—=+ooD L&, pif—oo, p§—0 LI LS
12, 0% #FE5TWL, LAENST, x*=x/e 12 65XTxAkEnE &, v35(x) %5
—EBE LTHRALZTEE S 5w, TOBREEZ D101, EHELT,



u=u
(5,1) {r=r
mz_f)_“rn—ld_u (wnliﬁﬁf.fiﬁ*ﬁ, w; =4 )

A dr
ERAT 30 PEHCH B, (2, vr, v2) BHEOMIEIE. KDL 1k 5.
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(r,m)=(rs(u), ms(u))
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+Af(u)=0,
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D e 21)‘
Q= ust’
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T, ZALF-Di#EMEL THL,

F4, (2,11) Offu=u(r), 0<r<+4oo, 12-VLT¢ (r)%
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Fro, MR HEHIES T, K E 2, FEEHICL LDV T, BHEHRETE 21T,
dr
(6,100 E= fW(u r, ,du)du,
=L
’ 7y n-1 ’ /\ 2-n ’
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(6,1) dE=Vu, N L ,‘(‘im

"du )du

A=<—HL_‘2—+up—p—l>wn A;p#p'"_'vflvgﬂdp
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(6,12) e=Ex=—=ca* T4 hb

1
0
w(e)SusA
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(6,13) 7p * p "ot vzd,o O(p )de |
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&Y.,
nz
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L% 3,
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- 2 2 vy up AN TR el g2
dE=w, 17K 7 |2 " +1] (1+p) Xz vi'vida
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Rz, ERERG
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2FWVWTEZ B, 22T, Ec—Es &#3HliT 57401z,
(6,19) Ar=re—rs, Am=me—ms
LEEEEL T, Ec—Es OHMESEEO T -7 - BHEHET 3
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(6,200 dE —dEs—[ Am+
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fOE S ERIC L T, BEB TIE—HkIC
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Prorb, ZhiEfEsr T,

(6.22) [ "“@du=o0(c**lloge)

Hzohd,

—%. (6,20) OFE—HEBHESL T, rs(u) PEZBEHTHEI L2V L,
oy

LA +88_W ‘Am]x=a“ + U(E).Qdu

= uo

(6,23) dE‘—dEl—[

AELNB, WEx=ca* DB T,

aw‘ aw‘ xax
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O(llogele * )=0(e**|logel), yo=1

BROIDZENEBIbP S, o % x CEBGOXRMTIE,

(6,20) [Ec—E:|=—|
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ETP + ‘ Am] . +O(|loge|£ )

AR Y AL
iR\ RERG
asx=<+o00 FTEbhb0<u<uo
LHEWTEZ S, DU, D*VIZEZTVwAHM (r2Rs/2) TREREHKTH S, —H.
Ar, Ar’, Am, Am’ twShb, REBEBIZEVTIE—HIZO0 (%) ThH B, LiH
5T, REBIL, RARBIZHV T,

mz[gf’

or

(6,25) [E.—E.] Flam] " +0 ()

s

Hrbohbd, £2AD, Ex=+o (u=0) DHIF. p—0, r—Rs, m—Ms, u—
0ThHBINH,

(57| ar+5mr|am] | = ra=gy R Meam|

LB Hbhb, LT, (6,25), (6,24), (6,17), (6,16) &Mz dbbEhniL,
KROFERIPBESN B,
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7. HfEEEOIH

ZOBTE, 5. EBREMTHAL AEMER EENT 5, b0 b CHMERL TS
EBRNTHI ),

i5

w(x) 1E[0, +oo) TH#K - FEMEL TS, Ble,w) &, 0=x=a Tkt sHe
(x) T

|9 llo. w=inf {C|l¢ (z)|SCw () x<at

PHERZLDEKERDT,

A?Y (a,w,B8) 1T, 0=x<e, |yl=max (|y:], ly:])<B THEF LDy IZDOTHEN
ZONGN

p(x,y)= ¢ (x)y’, ¢€B(a,w)
CEMTE 3o (x,y) D2EEERDLT,

Juw (z)x™ [l ()64 de

J*w (x)=J"w (x,5)=x“f:w (£)g'de

CEHT S, 6> 0 133G %M.
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HEEERE, HREX
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PROVEEH-TET B,
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(7,2) wy=p (x,z)=pe(x)+P(x)z+p:(x, 2)
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% (7,3) LEBTZ3LDTH 3,
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A
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EBVWT, EHYHRER
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L% 3, ThERBETHLS &

(7.17): Pu(x)=exp|— [ (au+auq)¢ ' d¢]

&72”)\ Pl!eB(a,Jowl), Pn(0)=1 75*?%6“50 :nﬁ“:)‘ P21=QP11€B(0,J0
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J1IB () OHRIIZHERFES>TWB ETHIE, hue(x) WS 2IZB(a) BT, (22T,
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LéoT, FER
(7,29) yi=z:+M lguilay?y 1=1, 2
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