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TOM TAT

L6 den — trdng la mot doi tuong vat li vi moé méi duoc Mb hinh hép dén vécto tién
dodn tén tai trong vi tru. Trong bai bdo nay, chung toi khdo sdt chuyén dong xuyén taém
ctia mot hat thit khi né di vao trong 16 den — trdang. Két qud cho thdy khi hat tiém can dén
16 den tit ngoai ta thu duoc cdc két qud gan giong nhu khi hat tiéem cdn 16 den
Schwarzschild trong thuyét Einstein, nhung khi vat thé co lai va thanh 16 trdng, su tiem
can clia hat cé nhiéu diém khdc biét li thu.

Tie khoa: 16 den — trdng, chuyén dong xuyén tam, mé hinh hdp dén vécto
&

1. Mé dau

L6 den 1a mot vat thé vi mo ky la duge Li thuyét tuong d6i rong clia Einstein tién
doan ton tai va da dudc cdc quan sat thién van xic nhan. Phuong trinh Einstein cho méi
lién hé gitta khong — thoi gian va vat chat trong trong Thuyét tuong doi rong la:

1 877G

R,.. ) gva:—C—4TyV (1)

0 day R v la tenxo do cong Riemann,
R la do cong vo hudng,
g uv la tenxo metric cia khong - thoi gian,

Tﬂv la tenxo ndng — xung luong ctia vat chdt.

Mot nghiém cta (1) cho vung khong gian bén ngoai mot vat thé doi xing cau , khong
quay, khong tich dién la métric Schwarzschild :

-1
I I
ds® =—[1——det2 +(1——5j dr? + r’dQ? @)
r r
Véir, = 2SM duge goi 1a bén kinh Schwar-zschild.

c
Tit biu thiic cia métric (2) ta thay rang, khi vat thé co dan lai duéi tac dung cta luc
hdp din dén ban kinh I' = I thi xdy ra su ky di trong métric nay. Tu ldc nay tré di moi
thong tin hay tin hiéu tir vat thé khong thé ra véi thé gidi bén ngoai, vat thé tré thanh mot
15 den. Ld den 1a ddi tugng tuong ddi quen thudc trong Thuyét tuong d6i rong va chuyén dong
ctia hat vao 16 den ciing da duoc nhiéu tac gia nghién ctu [1, 2, 3, 4, 5].
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Mb hinh hap din vecto [6], tién doan ton tai mot vat thé vi mo rat dic biet 14 16 den —
trang, theo d6 khi modt vat thé co lai du6i tédc dung cha luc hap din dén ban kinh
r, =0,985r; n6 tré thanh mot 16 den, nhung khi co ti€p dén mot ban kinh rat nhod
I, = 0,153 , bic xa tit n6 dot nhién lai thoat ra duge bén ngoai, vat trd nén thay duge va
dugc goi 1a 16 tring. Trong bai b4o nay ching t6i khio sat chuyén dong xuyén tam clia modt
hat vao 16 den — trang nhu thé. Bai béao dugc ciu trac gom: 1. M dau; 2. Gidi thiéu so luge vé
16 den — trdng trong mo hinh hip dan vecto; 3. Khéo sat chuyén dong xuyén tam ctia mot hat

thir vao trong 16 den — tring; 4. K&t luan.
2. Ld den - tring trong mé hinh hiap dan vécto

Trong M6 hinh hip din vécto, moi lién hé gitta khong — thoi gian, vat chat va truong
hap din dugc thé hién qua phuong trinh Einstein cai tién nhu sau:

1 87G
R,uv _E gpvR_gyvA:_C—4(TMg.yv +a)'Tg.,uv) 3)

o0 day R,. la tenxo do cong ciia khong - thoi gian,

R la do cong vd huéng; A 1 hdng s6 vi tru;

g uv la tenxo métric cia khong — thoi gian;

TMg‘ v la tenxo ndng- xung luong cia vat chdt;
Tg v la tenxo ndng — xung luong ctia truong hdp dén;

G la héng s6 hap dén Newton;
@ = —0.06 mot hing s6 mdi trong mé hinh nay.
Ti phuong trinh Einstein cai tién (3), ching toi tim dugc métric ciia khong — thoi gian bén

ngoai modt vat doi xiing cau khong quay, khong tich dién, khéi lugng hap dan M 127, 8l

ds? =c2(1—2i|2/:9 - ii':/ig)dtz—(l—zi';/lrg —o C?:th/i;)‘ldrz—rz(dez +sin?0dp?) (4)
y GM ,G*M?
Ta xét s6 hang: © =1—2?—w oirr
S 1_ZGMg _w,cazl\/lg2 0
n6 bang khong khi: o ot
hay: € T° —2GM c’r —&/G'M =0 5)

Phuong trinh (5) ¢6 2 nghiém duong la:

GM GM
= ng 1-Vi+ ')~ -o 2C29
(6)
GM 2GM GM
h=— @+ 1+ o) 2+ 0 —F
c c 2C
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Céc ban kinh I}, I, cho mot thien thé c6 khéi lugng ¢ Mat troi va mot thién thé c6
khoi lugng ¢& Thién ha cia chiang ta véi @' =~ —0.06 nhu sau:

-Voi My =2x10%kg : 1, ~0,045km ; r, ~ 2,955km

- Vé6i |\/|g ~10" x 2x10% kg: r, =0, 045x10"km 1, =2, 955x10"km

Db thi cta e” sz 6 dang nhu hinh 1:

Hinh 1: D6 thi cia ham €" theo
khodng cdch r tu tam vat thé. Tai N I S
khoing cach T, =0,985r vt thé

tré thanh 16 den, nhung khi khodng \/ .
cach nhé hon ¥, = 0,153y vat thé lai

tré nén thdy duoc, né tré thanh 16

trang

Nhu vay, M6 hinh h&p dan vécto tién doan ton tai modt doi tuong vi mo ciing rat ky la
trong vil tru d6 14 16 den — tréng. Trong phan 3, ching tdi s& khao sat chuyén dong xuyén
tam cia mot hat thit vao trong 16 den — trang.

3. Chuyén dong xuyén tam ctia mot hat thir vao trong 16 den - tring

3.1. Thoi gian dé hat chuyén dong xuyén tam vao 16 den - trdng

Xét mot hat roi theo phuong xuyén tdm vao tdm 18 den — tréng, vécto van toc cha hat

la:
. dr
Vi = — C ven tAm nén cb the 1av Vo =V =0
ds (do hat roi xuyén tam nén cé the lay )
Chuyén dong xuyén tam clia hat duge mo ta bdi phuong trinh tric dia:
dv*
1\ V\ T _
Trong truong hgp ta xét, phuong trinh rat gon thanh:
dVO_Fo n —_q®T v = —20%T. !
dS - yvv v __g O,uvv Vio=- g 0,10V v (8)
1
Tu r,u,va = E(gyv,a + g,uc,v - gva,,u)
1 1 09,,
tacé 1010 = E Joo1 = E o 9)
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Thay (9) vao (8) ta c6 :

dv’ 00 o dx' 00 d9
—=-g%0g,, V' — = —g% =2\°
ds 9" Qg1 ds g ds (10)
Cubi cling ta dugc:
av° dg, , d 0
9o ds d;o Vo= E(goov ) =0 (11)

0
Tich phan (11) cho: JooV. = K (12)

V6i k 1a héng s6 tich phan, n6 1a gia tri cia g tai vi tri hat bit dau roi.

Mt khac, tir dinh nghia métric: 0S° = @, dX“dx” (13)
Chia hai v& cho 0S” | (13) thanh :
1=, V"V = go (V) + gy, (V) (14
Nhan ca hai v& (14) v6i Jqg ta co:
Joo = (Yoo )2 (VO )2 T 000911 (Vl)z (15)
Tt métric (4) : JgoUYp = -1 (16)
Thay (12) va (16) vio (15), ta duoec:
kz—(vl)2 = Qg =1-1,/r+0,015(r,)" / r* a7
Vay : (V) =K ~L+1, /1 ~0,015(r, '/ (18)

Do hat roi vio 16 den nén ta chon Vi <0 , do vay:
2
Vi = K2~ 11, /1 —0,015(r, )’ /12 19)

Bay gio xét dt/dr,tacc’):
dt  dx°/ds _V°

dr dx'/ds 20
Tu (12) ta co:

v°:k/g00:k/[l—rs/r+0,015(r5)2/r2J 21)
Do dé:
AtV _ (125 4 0,015(r /v | (K2 —Ler. /r—0,05(r. ¥ 1r2)
Fiaiv i Em (rg) /r ( —1+1,/r—0,015(r,) r) (22)
Khi hat tiém can rat gdn ¥ | taco thd dat: F =1, +& (23)
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v6i € nhd.
Thay (23) vao (22), chi giif lai gin dang bac nhat theo & ,tacé:
dr
dt =—1,0467r, (24)
r—r,
Tich phan (24) cho : t =—1,0467r,In(r—r,)+C (25)

T (25), ta thay khi I —> T, thi t —>00. Nhu vay, hat cAn mot thoi gian vo han dé
vugt qua mat I . Thoi gian tinh trong hé qui chidu gdn v6i ngudi quan sat & rat xa 16 den —

trang.
Ig{hi vat thé da co lai thanh 16 tring, tinh toan tuong tu, ta co:
t =-0,0513r, In(r, —r) (26)
Tt (26), ta thay khi vat thé da thanh 16 trdng thi né chi cAn mot thoi gian hitu han:
t =-0,0513r, In(r,) (27)

dé roi vao t6i tam 16 trdng. Thoi gian & day cling gén v6i quan sat vién 6 rat xa 16
den — tring.

3.2. Gia toc roi tw do ctia hat & bé mdt 16 den — tring

Xét hat roi tu do trong truong hap dan cta 16 den — tring.

Ti phuong trinh trac dia, ta c6 biéu thic gia toc 4 chiéu:

a‘ =v°v_v* (28)

ox*
Mot ngudi quan sat ding yén cé van tdc 4 chiéu: Vy - or

Goi V(X) 1a hé s& dich chuyén dé, ta co:
K, =V (x)v, (29)
v6i K; 1a vécto Killing.

Van toc 4 chiéu duge chudn hoa: V ﬂVﬂ =-1

>

Do d6 ham V. thoa man: V =V \[-v,v* = [-K K" (30)
Ta c6 lién hé giita gia toc va hé so dich chuyén dé nhu sau:
1
a,=V,InV = \7Vﬂv (31)

Tir métric (4) ta c6 vector Killing va van toc 4 chiéu nhu sau:

K“=(1,0,0,0), v*= = ,0,0,0

\/ 2GM,  G*M}? (32)
C a—

1 g9
—
c’r c*r?
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Vi KK, =g, nén

2GM, GM|’
K,=|-|1- ~0'——2-1,0,0,0 (33)

c’r c'r

Vay ta c6 hé s6 dich chuyén dé:

2GM G’M °
V=/4@Kﬂ=J_ &ﬁ—w &5 (34)

Gia toc roi tu do cia hat :

2GM,  2G*M?

- Y4 w
1 2,2 4.3
a =—InV = cr Czr — V., r (35)
“ 20 2Ms _ , CMS)
c’r c*r?
GI\/Ig 'GZMQZ
— 5, TO 4.3
a/‘_ cCr cr V/ur
- 2 2
2GM G°M (36)
1-" "0 2 T
c’r c*r?

Do 16n gia toc:

GM, GM}  GM, GM?

% e o e U
1— 9 _ g g _ 9 _ g g
c’r c'r? c’r c'r?
GM, G'M,’
__cr? c'r®
\/1‘ 2GM, _w,GZ|\/|g2 .
c’r c'r?
do Vﬂl’=5L

4. Két luan

Nhu vay, chuyén dong xuyén tam cia hat thir vao trong 16 den — trang khi vat thé 1a
16 den gan giong nhu két qua tinh trong Thuyét tuong d6i rong chia Einstein; nhung khi vat
thé da thanh 16 tring két qua 1a khac biét, gia toc roi tu do & bé mit vat thé cling c6 nhiing
diém khac biét dang ké. Cac két qua tinh thoi gian trong bai bdo dugc gin véi quan sat
vién & rat xa vat, trong trudng hop hé qui chiéu duge gan véi hat roi sé¢ duge khao sat trong
mot bai bao khac.
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RADIAL MOTION OF A PARTICLE INTO A WHITE-BLACK HOLE
IN THE VECTOR MODEL FOR GRAVITATIONAL FIELD

Vo Van OnY, Pham Lan Anh®
(1) University of Thu Dau Mot; (2) University of Natural Sciences —
Vietnam National University - Ho Chi Minh City

ABSTRACT

The white - black hole is a new macro physical object that the Vector model for
gravitational field predicts to exist in the universe. In this paper, we study the radial motion
of a test particle into a white - black hole. The results show that when the particle
approaches to the black hole from outside we obtain similar results with when the particle
approaches to the Schwarzschild black hole in Einstein theory, but when the object shrinks
and becomes a white hole, the results have interesting differences.

Keywords: white - black hole, radial motion, vector model for gravitational field
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