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«TU HAP DAN” TRONG MO HINH HAP DAN VECTO

V6 Viin On
Truong Pai hoc Thit Dau Mot

TOM TAT

Trong bai bao, ngoai phdn tong quan gidi thiéu nhiing nét rdt co ban vé moé hinh hap
dén vécto: hé phuong trinh truong phi tuong doi,hé phuong trinh truong trong khong —
thoi gian cong, phuong trinh Einstein cdi tién trong mé hinh hdp dén vécto, ching toi dén
ra vai hiéu ung co ban cia truong tic hdp dan trong moé hinh nay nhu: tdn sé tién dong
Lense — Thirring, tan sé tién déng ciia gyroscope. Cdc két qud thu duoc tit mé hinh nay &
gan diung bac nhdt la phu hop véi thuc nghiém.

Tw khoa: tiz hap dén, mé hinh hdp dén vécto
*
1. M& dau

Truéc day, Holzmuller va Tisserand [1] da tién dé ring luc hadp din clia mat troi tac
dung 1én cac hanh tinh trong hé mat troi c6 mot thanh phan tir bd sung. Thanh phan tir bd
sung nay giy nén su tién dong quy dao cdc hanh tinh, tuy nhién céc tinh toan cho quy dao
cta Thiy tinh chi bing modt phan sau két quéa do dugc.

Theo thuyét tuong déi tdng quat, su quay riéng cia mét trdi cling sinh ra théem mot
trudng hap dan nita goi la trudng tir hap din (gravitomagnetic field). Anh huéng cta
truong nay lén quy dao cidc hanh tinh dugc xem xét dau tién béi de Sitter [2] sau d6
trong dang téng quat hon bdi Lense va Thirring [3]. Cac tinh todn ctia 2 tdc gid nay cho
thay déng gép chia thanh phan tir hdp din vao chuyén dong tién dong chia cdc quf dao
c4dc hanh tinh 14 qué nhé dé c6 thé do dugc trong giai doan d6. Ciing c6 nhiing chiing ci
gidn ti&p chi ra su ton tai cda truong tit h4p din trong vii tru qua cdc quan sat thién van
va trong hé mat troi [4,5]. GAn day, céc ching ct cho trudng tit hap din cda trai dat
cing da dugc chi ra bdi Ciufolini tit cdc nghién ctu cdc vé tinh duge dinh vi laser
LAGEOS va LAGEOS II [6]. C4c phép do chinh xdc trudng nay nhd¢ céc con quay hoi
chuyén siéu din dit trong mot vé tinh bay quanh trai dat Gravity Probe — B [7] 1a mot
trong muoi thanh tuu vat 1y néi bat nhat trong ndm 2007.

Trong mé hinh nay, khi cong nhan ring khéi lugng hdp din 1a bat bién Lorentz thi
theo thuyét tuong doi hep, trong mot hé quy chiéu chuyén dong sé xudt hién mot truong
h4p dan thd hai ma chidng t6i goi 1a trudng tit hap dan tuong tu véi tir truong trong dién
dong luc. Truong tir hap dan trong mé hinh hap din vecto khac vé ban chat véi trudng
tit hdp dan trong thuyét Einstein, n6 14 mot truong hdp dan thd hai thuc ch khong
phai 12 su tuong tu hinh thic nhu trong thuyét Einstein. Bai bdo nay khéo sit vai hiéu
ing clia trudng tir hap din & gan ding bac mot.
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2. So luge vé mé hinh hap dan vécto

Trong md hinh hap dan vécto, truong hap dan 1a mot truong vécto c6 ngudn 1a khoi
lugng hap din cda céc vat. O dang phi tuong d6i tinh, cdc phuong trinh trudng hap din
¢6 dang tuong tu vdi cac phuong trinh Maxwell cho truong dién ti nhu sau [8]:

. 0By
V x Eg :F (1)
V x Hg :Jg —aDg/c?t (2)
VDg ==pg 3)
VBg =0 4)
Jg :agEg (5)

¢ day Eg la vécto cuong do truong hdp din hay vécto “dién hap dan”, ég la vécto “tur

hap dan”, D, va H lién h¢ véi E; va B nhu sau:

E, =D, / £, (6)
H, =B, /ﬂg (7)
vécto J , la vécto dong h4p dan.
Phuong trinh truong hdp dan trong khong - thoi gian cong nhu sau [9]:
Eymk +E +E =0 (8)

g.nk;m
ﬁai (W—gDl) =3¢ (9)

6 day E_: D;k 14 tenxo cudng do trudng hap dan va cdm Ung hap dan.

gmn ?

g.km;n

Anh hudng cta trudng hap din vécto va vat chat lén khong — thoi gian thé hién qua
phuong trinh Einstein cdi ti€n nhu sau:

1 872G
R,uv _Eg;lvR_g/wA:__T +(Z)T (10)

C4 Mg.uv g.uv
G day RW la tenxo do cong ctia khong - thoi gian; R 1a do cong vo hudng,

A 1a hang s6 vii try; g, 12 tenxd metric cia khong — thsi gian
TMg, uv 1a tenxo nang- xung lugng cla vat chat,

Tg, uv 12 tenxo niang — xung lugng ctia trugng hap dan.

G 1a hing s6 hdp dan Newton; @ = —0.487Gc * 1a mot hing s6 méi trong
mo hinh nay.

Tir phuong trinh Einstein cdi tién (10), ching tdi tim dugc métric cia khong — thoi
gian bén ngoai mot vat d6i xing cau khong quay, khong tich dién, khoi lugng hap dan
M o 1a[10]:
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GM G ’M? GM G*M?
ds’=c*1-2—2-o0 g)dt2 (1-2—2-0'—2) tdr*=r?(d6 +sin* 6dg®) (11)
c°r cr c'r
¢ day o' =-0.06.

3. Truong tit hap din trong mé hinh hiap din vécto

Tir métric (11), béd qua gAn ding bac hai, ta c6 métric sau:

GM2
ds®* =c*(1-2 g)dt

(12)

Métric (12) c6 dang gan v6i métric Lorentz, ta c6 thé t6ng quat né cho mot khoi
luong diém chuyén dong bing mot phép bién ddi don gidn t6i mot hé quy chiéu chuyén
dong khi st dung mot phép bién ddi Lorentz téi bac nhat cia V:

v
t,=t——X, X, =X-VU (13
C

& day chi s6 0 chi hé quy chiéu ma trong d6 ngudon ding yén, va né chuyén dong v6i van
toc vV theo huéng x trong hé phong thi nghiém. Phép bién d6i nay cho ta métric cho
ngudén chuyén dong:

5 ) 2GM 0N e 2 2GM i ) 4G|\/|
ds“=c (1—T)dt —A+—D)dr?* +2——vdxdt (14
cr C C r
Déi v6i nguon chuyén dong theo huéng bat ky ta cé:
5 ) ZGI\/lg ) ZGMg ., 4G|\/|g o
ds“=c (1—T)dt —(l+T)dl’ +ZTvdrdt (15)
cr cr cr
Do ta chi ding lai & bac nhat cia van toc, ta c6 thé chong chap céc trudng cla céc
khoi lugng diém lai. V6i dinh nghia thé vo huéng ¢, va theé vécts 'E\; nhu sau:

-G [P (rdr (16)
F—7

! ! 3.7
va &(F)zej—p(?ﬁ%d ' (17)

Ta viét lai métric (15) thanh:
ds? =c?(1-228)dt? - (1+228)dr? +8(A dF)dt (18
C C

Ta sé& dung métric (18) dé khao sat vai hiéu dng tir hdp dan trong moé hinh nay.
3.1. Phuong trinh chuyén déng ciia mét hat khéng spin

Phuong trinh chuyén dong ctia hat thit khong spin trong trudong hap dan la cac
phuong trinh duong tric dia [11]:

d®x” . dx* dx”
> +FW —_—
dr dr dr

=0 (9
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Tir métric (18) va cdc phuong trinh trac dia (19), ta thu lai dugc toan bd ciac phuong
trinh Lense-Thirring. Cdc phuong trinh nay do Lense va Thirring diu tién tim ra dugc
ti Thuyét tuong doi tong quat dé dién ta chuyén dong cia mot hat thir khong spin trong
trudng hap dan cia mot ngudn quay [3,12]:

dQ 2GL
o caa-eyr
9o _ oGL cosi (21)

dt CZ(l_eZ)S/Z
G day:a,ela ban truc I6n va tAm sai cia quy dao hat thi.
Q 1a kinh d6 cda nat (cdc giao diém ctia mét phing quy dao cia hat thi va mat
phéng xich dao cia thién thé ngudn truong).
i 1a géc nghiéng giita mét phing quy dao hat thi va mit phing xich dao cta thién
thé nguon.
@ la géc quay cha diém can nhat qu§ dao ciia hat thi.
2 la kinh d6 trung binh cta hat thi trén quy dao
L 14 moémen géc hap dan clia ngudn truong.
3.2. Phuong trinh chuyén dong ctia mot gyroscope
Mot gyroscope quy dao c¢6 truc spin cia né dich chuyén song song phu hop véi
métric (18). Phuong trinh dich chuyén song song cho spin Sﬂ cua gyroscope la [11]:
d& =T* s dx”
dr W dr
Tir métric (18) va phuong trinh chuyén dong (22) cia gygroscope, ching tdi cling tim
lai dugc tan s6 tién dong Lense - Thirring clia gyroscope la:

7 :E[Bf’(f’.L)_L} 23)

(22)

L-T CZ rS r.3

va tan so tién dong trung binh cta spin gyroscope la:

(1 >—G| “ e
LT 2rde?

3.3. Viéc xdc nhan thuc nghiém cdc hiéu ung ti hdp dén

Ta sé dung cong thic (20) va (21) dé tinh tan so tién dong Lense- Thirring cla céc
vé tinh LAGEOS va LAGEOS II bay trén quy dao cuc quanh trai dat. Vé tinh LAGEOS
duge NASA phéng 1én quy dao vao ndm 1976 c6 cac tham s& quy dao sau: ban truc 16n a
= 12.270 km, tdm sai e = 0,004, géc léch so v6i mat phang xich dao Trai dati = 109 do 9
phat, chu ky 1a p = 3,758 gis. Vé tinh LAGEOS II dugc co quan NASA va co quan khong
gian Y (ASI) phéng 1én quy dao vao nidm 1992, né c6 cdc tham sé sau:

Ban truc 16n a =12.163 km, tAm sai e = 0.014, géc léch la i = 52,65 do.

Két qua tinh tir cdc cong thic Lense- Thirring (20) va (21) cho:

QIS ~ 31mas/ y (25); QPFS! ~31.5mas/y (26); ¢ "FF" ~ 57mas/y (27)

& day mas/y la mili gidy clia cung/ nam.
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Cac két qua tinh todn nay sai khoang 20% dén 25% so véi két qua do duoc tiur thuc
nghiém [6].

Mgi day vao nam 2000, vé tinh Gravity Probe B (GP-B) dugc phéng 1én va bay & quy
dao cuc c6 do cao 650 km, né do dugc tin so tién dong clia spin gyroscope véi do chinh
xdc cao khodng 1 %. Két qua do dugc géc tién dong [6]:

@ = 42 miligidy cta cung/nam (28)

Két qua tinh tir cong thiic (24) nay la:

@ = 41 miligiay cha cung/nam (29)

Két qua do su tién dong spin cta gyroscope tif vé tinh GP-B dé xac nhan su ton tai
cia trudng hap din tu dugec xem 14 mot trong 10 thanh tuu vat 1y ndi bat nhat trong
nam 2007.

Nhu vay, véi thuc nghiém do su tién dong cla spin gyroscope tit vé tinh GP-B su
tén tai ctia trudng tir hap dan xem nhu duge hoan toan dugc khing dinh. Cac két qua
tinh toan tir Thuyét tuong doi tong quat va moé hinh nay & gan ding bac mot 1a chua thé
phan biét dugc tu cac thi nghiém trén. Ching t6i hy vong sé sém chi ra mot hiéu ung
khac ctia tir hdp dan hodc tinh todn & gAn ding bac cao hon cé thé phan biét duge mo
hinh nay vé6i Thuyét tuong d6i téng quat.

4. K&t Luan

Nhu vay, trong bai bdo nay ¢ gan ding bac nhat ching todi ciing thu lai duge cac két
qua tinh toan tan so tién dong Lense-Thirring va tan s6 tién dong cha spin gyroscope
giébng nhu trong thuyé&t hdp din Einstein va phu hgp tot véi thue nghiém. Su khéc biét
trong tinh todn & md hinh nay va ly thuyét hdp dan Einstein sé thé hién & gan diang
béac cao hon.

*k

“MAGNETO” GRAVITATIONAL FIELD IN THE VECTOR MODEL
FOR GRAVITATIONAL FIELD

Vo Van On
Thu Dau Mot University

ABSTRACT

In this paper we give a short overview of the vector model for gravitational field:
non-relative equations of gravitational field, equations of gravitational field in curve space
- time and deduced some basic effects of the magneto-gravitational field in this model as
frequency of Lense — Thirring, frequency of gyroscope. In the first - order approximation,
results are the same with that in Einstein's theory and approximate to experimental data.

Keywords: magneto — gravitational field, vector model for gravitational field
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