CAC PINHLUAT CUA LO BEN
LI Mam”

6 sy gidng nhau 1At dang chid ¢ gita cdc dink it oo hoe cda 1B den

- e - R " e s L - a7 P . ~ N

dng vdi céc Cfmh iudt cun nhigi dgng hoc of didn, B3 bdo ndy s&€ tonh bay
céc thing 56 w6 1@ 15 den mb nhing thong 58 nay wiong uf nh cdc thing s6
mé 2 tnh chit cha hé shit d8ng. T¥ diy 2 thdy su tednz  ofia oo hoo 13

den vai bon dinh wdt cg bén cha nhidt ddng hoce,

1. 80 PAU

Nim 1915 Einstein di o6 cdng hi€n vi dai cho nganhk VAt ¥ hién dai khi
cong b thuy€t wong d61 rong. Mo niim sau 6 Schwarzehild tim ra nghigm
ridng clia phwdng tinh Einstein va ny’q*en trén chita dung sy md 11 fodn dién
viing khong-thdi gisn bén ngoal 16 den khong quay [3). Bén nuidi by ndm
sau, R. Kerr - nhd todn hoc ngudi New-Zealand — di tim ra nghiém dng quit
mé td 16 den quay. T nghiém Kerr ta thdy o6 ba théng 56 ¢d ban nhat d€ md
té 10 den ditng vi ¢& 14p 12 khdi 'iu’dng, mémen ddng lugng va dién tich [51
Nim 1971, Hawking 87 ching minh riing dién tich chén o9 sy kiéa khong bao
git gidmn theo thiti gian (dinh 1Y dién tich Hawking) {4}, Ngay sau d9d, Baz‘deen
Carler va Hawking dd ching minh duge bén dinh ludt cla cd hoe 18 den 1]
Cédch ching mish cla cdc tde gid aén it dde ddo v chiit ¢hd vE& mit todn hoo
nhung cling vi vay ma nd il ning né cho nhitag ai mdi lAm quen vdi vir 1§ 18
den. Bai bdo nay s& tinh biy lai k&1 qud clia cdc bic thiy trén mét cdch don
gidn hon vdi hy vong gitip ban doc (sinh vign va hoc vign cao hoe) 48 d3 ng
hon khi mudn lam quen v&i vaL 1y 15 den o didn vA W 46 bude sang mét lich

»

vic dang 581 ddng hidn nay 1a vii Iy 18 den ludng td.

3, CONG THUC TICH PHAN

Nhu dd bigt bhong-thdi gian quanh 18 den Kerr ¢6 tinh d61 xitng truc va
ditng nén ta co hal uliing vectd Killing 181 vectd tinh f’éz 1‘1{»:; thdi glan K va

" Gidng vién Khow VUL Trding DHSP Tp HOM.

74



Fap chi KHOA HOC BHEP T1HCM Lé Namn

TIEIY TF M 0% e b ) " e I .
vectd Killing quay K*. Hai trudng vects Killing trén thda min cdc phudng
trinh saw:

Ka;b +Kb;a = {) _ {1
K{a;l 1= K-u;b (2}
K5+ REKP <0 (3)

Hoan toan widng t¥ cho vecto K* {71 Ta tich phén phudng trinh (3) theo
sidu mit gibng khong gian (spacelike) S. Ta chon mis S 13 snacelike a€ bio
ddm mit pdy $& bao quanh 15 den vi ta biét hai diém lan ¢dp tén matudy luba
o sy ngdn cdch khing gian.

ﬂ;b BT .
[ do, = [R* Ko, (4)
5 B s

Ap dung dinh ty Stoke d€ chuyén tich phin theo mit ba chiéu thanh tich
phin hat chifu 461 vdi v& rdi(4)

[K¥Pydo, = Koy =— |R{K do, (5)
g &3 1

do, ; y&u td bE mit cla siéu mitba chidu S

do

b iyEu 0 bE mitcha IS véi OS1a bifncia 8

Ta chon mit spacelike S 13 ti€m chn phiing nghia 12 khi r ti&n tdi oo thi
khang gian cong sé g vé khdng glan phing Minkowski. N6 58 1i€p tuy&n vdi
vectd Killing quay K®va cit chin trdi su kidn clia 18 den Kerr ai mit ha
chidu OB. Miit S s& ¢6 hai bién 12: bién 8B boc 1Ay 16 den vi bién IS, tai vé

cting. Ta chon birdng ctia do g, sac cho: 88 =0B - 68, va viftlai (5);

w0, walb g, £ rah fraye-b
[K*do = [K%%doy,~ | K6, =- [RiK"0, (6)
a8 o PR 5

;. . . : 8 .
Ap dung chng thife: M =— j K*da o Cta Bardeen, Carter,

ar
08
Hawking [1] vio i) 1a ¢d:
VE o4 (6) = | K, - 4rM = - [REK Pdo (7
Vil i 1D “ah WYL T A g i1
B S
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Ap dung phuong trfinh Einstein vao vé& phdi (7) ta duge:

_{R hbdfa = iy j‘ "i S ]Kbd{j {(8)

Sau khi ghép hai pidu thive (7) va (8) lai ta duge cng thide tinh Mt

] I N N 1 .
M= [(2T7 ~T82 K do, +— | K*Pdo, (9
é{i L bJ Ca At 5i G ap )

8¢ hang thif nhit v& phai cda (9) bidu thi sy déng gép ciiavil chit nam
ngodl chin (rdi sy kign con 58 hang thi hai bicu i khoi lugng cla 16 den. VE
tr4i 13 khot buong 16 den do bdi quan sdt vién tai vO cung trong \,ng tiém can

phéng. Do vecld :m.z}l 1 t&p tuy&n vai chin it sy Kign cd thé vifi dadi dang:
P=K*+Q K" )
nén ta ¢ G L o T (1

thay (11) vio tich phin thit hai v& phai (9):

i & . ) 1 . 1 o
dat j Kfljbdﬁab - "IT— j‘lﬁ"bdﬁ'ab ”-zi';c* j’QHK_a’bdGab
Tom © oo T 4
1
— _;;_ fl“’k)dgﬂb -+ ZQ‘HJH (12}
v aB

G day, ta 44 sif dung cong thifc tinh moémen dong hugng cia 10 den cia
Bardeen, Carter, Hawking [ 1], Sau khi thay {12) vae {(9) ta dugc:

y 1 ..

= {215 - ;;b 1K o, o [#0do g +20uTy  (13)
. .
5 &B

Do vectd null | i€p tuyé&n véi OB nén ta cb th€ chon vectd null khic a
5, vedng géc vai OB va vectd nay duge chufn héa sao che n,l*=—|. Diéu
niy di dugc Penrose va Newman thic hién vio nam 1968 [3]. Hai ong 43
chon cdc vectd null n, va 1% théa cac difu kién sau:

nn® =11 =0;0,0"=-1; signature(—+++)
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Tir hai veewd uén ta c6 thé hi€u thi y&u 18 b¢ mit doy, cda 8S théng

qua yéu 0 dién tich nguyen t8& dA cia mit OB:
_ {iA _
do gy, = (1o, — o, }= =Ipmyda (14}

Thay (14} vao tich phan thd hai v& phdi (13) v x£triéng o8 hang nay:

Voo ! a:b /7y dA =
—— jPdoy, =— _Fi S *“Ebﬂa)—““ (13)

Xétriéng s8 hang sau:

ah ,ca i dh m
P ln, —~{. }dg a = LB Ln,

=19t =1 1"n®

Xé1 ti€p s8 hang thit hai va hoin todin tuang tif ta duge:
a: ] i ; .
P n, =i 150" = -1y 1n°

b, a
_}a;bl it

Ta d& sif dung phudag tinh (1) cho veetd Killing 1. Thay céc k&t qud
vira nhin duge vio (153

\;é, phﬁ’ : i n)) — 4_2_ jf "3;1;bp .na . Ia;blbllﬂ \?if%
lr b4
b«
= fla GnfdA = i j‘Kd*\ (16)
Ta dd dit K =1, " am

( phan phu luc ta s& chitng minh K=const trén khip chin trdi sy kién

nén:
VE pbdi (15)=— | KdA=—KA o (18)
i B L

A 1A dién tich chiin tr6i sy kign cda 18 den Kerr

Thay lai (15) va (18) vao (13) ta dugc:
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7 ©
M= (210 - T82 1K o, +—— A+ 20y
] i H

Khi T2 = 0, nghia i kbong gian bén ngodl 18 den 14 tréfng rOng, khdng

¢6 phin bd vit chat bl (19) s& ¢6 daug it dep sau:
M= — A+ 20T

Bay pids ta o6 thé bo chi 56 cho tidn:

M= —E-‘Z:A + 282]
4yt

M: kh&i lugng ctia 18 den do bdi ngudi quan sdt i vo cing

A dign tich chiin ol sy kién cda 1D den

() van s gbo ciia 18 den

Imémen déng lugng cda 10 den

K:duge goi 13 hip din bé mitcda 18 den.

Vi 18 den tick dién thi {20) s& thém 50 hang ®Q trong 46

tich ctia 13 den con @ 13 dién the cha chin rdi sy kign,
3. CONG THUC VT PHAN

Ta vi€t nghiém Kerr dudi dang saw:

Az’ sir 0 4’\«1;21 sin” 6

3L 4
48° = 5 dt? ——dtd +
P P
AN ,

(r +4 ) —-a“Asind . 5 0t 4
+ b gin“@dd” +—dr" + o "
P"" éz

vii A=1> —IMr+2 ,pg =% +2%cos?

Ta tinh dude van toe goe clia 18 den:

d{i} Lot 2Mar,
d= e g =T -5
g [ ea?)

(19)

(20)

(20b}

O 1 dién

21)
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.:,\'1,"2
H

véi r, - %%(wl" 4 (23)

3

Ta c6 thé Béu thi O thdng qua dén tch chan il aif kiéw cda 16 den
Kerr
o4 dma 4wl
rhant A AM

A I SR s
v A = d4n lr_f +a” =8| M* +1‘»’i{1\-§’ asi | (23)
/ L L ; J

J=8.M (26)

o

T (21) w nbén thdy cdc Teaxd melric cla nghiém Kerr khong phu

4

thufe e Gy vao t v @ nénta o6 hai trading veetd Killing:

v
A—-2a"3in‘6 -
KK, =g, =~ I (27
¥
- IRy 1Sin% .
KR, = ggy = [1F+a%) - a?asin% !-—-——r 28)
L ’ 4opT

Ta ¢4 thé tinh trye i€p hilp din bBE mat 1Y dinh nghia (!

t'7) cho nghiém

a~y

Kerr va 46 1ién vido in Axta ky hidu lal nhi sau:

e 0GR (26
han bal v& (17) vai 1P
PR =100, =100
Hay theo k¢ hifu méi;
K K=Kk o KX = 9K, (30

Mhir di bif't vers 1* =X® 12 vecto null tai chin wdi sy kicn nén nd vira
l& veotd tiep tuy€n vira 1 vectd vubng gée v&1 chiin w8 sy kién, Theo hé qui

ctia dinh 1Y Frobeains trong hinh gidi tich ta o6 bifu thife sau {5]

X, VpX,p = ‘5{[3_}{ 0

+ e
(3853

Khal rién ra ta duyc ba 86 hang mang dfu cOng va ba sé hang mang
ddu uwli. Ap dung phuong tinh Killing (1) ¢ho ba s6 hang mang didy Ty ta duge:

9
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X"ixcéh + Xb}{a;c + XGX‘.J;& = ()
xc-xb;a = ‘?X!GV}P\,L

Nhan hai v& vai XU 181 4p dung (30) vao v& phéi w duge:
(P 3
X";Xb;&}{b:ﬁ = '_'ZK"XQ

K2 w s XK (31)
2
Thay gid ti X* & bi€u thic (29) vae (31) ta tich duge K cho nghig¢m
Kerr. Tuy chi 12 phép tinh don gidn nhung phdi mit khd nhi¢y thoi glaa ta mdi

nhan duge ks quas

I Y ! J'f 2
Pl \
| M7 —at 4n e | | 4ni? ) ,
| T— e — —_--.-—-(_I_ )—4 i s 3 {32)
2Mr, A 2M{len A’
B¢ am cdng thite vi phin fa binh phudng (25):
A 4n)?
M2 A (33)
161 A
Lay vi phén (33 ta dudgc:
Ll dad? o
AM = e | e Lm SN (34)
2M L tom AT ) M/

Sau khi thay (32) vio s6 hong diu Gién vi (24) vio s hang thit hal ciia

~

v& phii (34) ta duge cdng thite cin fim:

K
dM = —dA + £2d] {35)
81
Trong hé don vi S1 cdng thife (35) s€ ¢d dang:
7 C2
d(mc'-} =S KdA+Qdf (36)
7 8n _

4, DINH LY DIEN TICH HAWKING
Mat khi da binh thinh thi 16 den 581 hén viing va khéng thé bi phd hong.
Vit chit bao gdm khéi Irgng hodc bic xa khi bay vio 16 den chi ¢6 the lam

bl
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thay d6i khdi lwgng M, mbmen dgng lugng § va dién tich . Tuy viy trong mol
qui trinh vt 1y lién quan dén chin bdi sy kign thi dién tich chin odi sy kidn
s¢ khong bao gid gldm theo hdi gian (dinh 1y dién tich Hawking) {4]

dA 20 (37}
Tir ddy ta thily hai 15 den o6 (hE va cham whav va k&L hop i think 1§

den mdi treng khi md1 & den s& kbdng bao gid bi chia 1am hai 16 den nhd hon,
Dién tich chin udi cda 10 den mdi 58 6n hon dign tdoh chin ol ctia hai 16 den
ban diu.

Ay z A+ A, (38)
Ay Ay dién tich chin i sy kién oz bat 18 den truoe ¥hi va cham,
Ay difn tich chdn 01 su kién cda 16 den mdi dude hinh thanh sau va cham.

Yiée chitng minh dinh i¢ wén vdt phic tap nén ta khéng xE1 & ddy

[Hawking-Eilis-rang 318, 333
5, HAP DANBE MAT

Vi&t lai ¢Ong thic (32)

o 4 \__4?E vl 2”? .
E\_—?{-—(QMI\/I)---K-(;%_ —a ) £39)

V@i 16 den khéng quay ta ¢6 J =0 hay a=0, Khi dé K ¢6 dang:
4z . o
= v (Y€ rODE e Gme=1)

Fa
Chuy&n sang hé don vi Slia cé:
An GM
A

K= (40

L - [} - -~ - kY 2
A: dién tich cda 16 den khdng quay va bang 4uRg
R ban kinh Schwarzschild va biing 2GM/c?
Thay lai vao (40} ta duge K s bé mit 18 den khéng guay tink rong hé
dan vi S,

4
C

4GM

(41)

#1
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Diy chinh 13 gia 10c tong tudng tai bé mit 18 den kidng quay tinh theo
Iy thuy€t hap din Newton. P6 14 15 do tai sao K c6 0 goi 12 hip din bé mat,
Tir (3%) ta nhén thiy K biing Zero khi M=a. Mat khdc, khi M=a ta nhin thdy 18
den s& khong phai la vt the o6 lye hiit ddi v6i quan s41 vién § xa 15 den. Do
d6, 1a cf thé di 191 k€t fudn hap din b mit ludn 16n hon zero.

Kz6 (42
H, TONG ERET
Brinh luit Nhiét ddng hoc 1.8 den
Thir Zero Tai trang théi cin bing Hip din bé mit 12 hing
nhiét, nhiét 45 12 hiing 58 wda |86 wén kbip chis wdi sy
khidp vat kitn cda 16 den  divag:
T =consi =oonst
Phut nhilt dE =TdS - PdV dM = —dA +03d]
Thit hai Trong mol qui trinh vt 1y Trong mei qud irinh v
Entropy cia hé lubn ldng 1y dién tich chéin w6l wdn
d52 ¢ ting theo thai gian
dA > §
Treng mol qud winh vit Iy Trong mei qué trinh vt
Thi¥ ba khong thé dat duge 1y khong the dat duge: K =0
T=0

Nhin vio bdng so sinh ta thdy ¢é sy pifng nhau k¥ la v& miit todn hoc
giffa cde dinh ludt co hoe 16 den w61 cde dinh ludt ¢d ban cda nhiét dong hoe.
Bl ddu wr dinb 1§ dién tich Hawking ta thiy ¢é sy gifing nhau giffa dién tich
chiin tréfi A va entropy S. Ti€p theo ta thiy ¢6 sy gidng nhau giffa s6 hang Q)
véi 8 hang cOng cd hoe PV v thye 8 ding nhy vay 61

Do A déng vai g S nén K dbng val ad nhiét dd clia 10 den. Theo
thuy€t tudng doi rong o dién (hi nhiét do cda 15 den 13 khdng tnyét 461 nén sy
nfang (ng tén hodn foan 1a hinh thdc todn hee. Tuy vay, vin cé mot s6 nhi
vAtly 1y thuy€t hodi nghi vi trong s6 36 ¢6 1. Bekenstein va S. Hawking. Mam
1974, Hawking d3 phdt hién ra sy bic xa cia 10 den v 8ng lim ra céng thic
nhiét do 16 den.

K .
1= o (fichwonghé donviG=c= & =k, =1)
T

B8
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T day ta thiy ngay cntropy cta {6 den s@ dudge tinh theo cong thic

RBokenstein-Hawking:

A

Nhu vay, cac dinb fudi cta o0 boc 10 den $Gng 18 cde dinh Judt s'ﬁﬂié?
ddng hoe va cliag dr ddy  bude sang mdt ﬂuh vire mdiniiét dong hoo 1& den
k

hrgng ud ”f'gtizmlum black hole thermodynamics). Vé fah vic m{n réhy kit oo

ditu kifn ching 161 € gidi thidu véi ban d()c,

Tac gid xin cdm do sy Gng hé cida cde dong pghilp Khoea VALY, sy gidp

da oia phong KHON-SDEL Y vﬁm})ﬁb?r PHCM.

e

Tac gid bay td s bidt on tdi gide s R Wald - uding t0ng hep Chicage,
gieio sit I, Bekenastein — frudng tong hop Jerusalem, gido sv Ko Tod - trifding

iong hop Oxford da gitp 48 tde gid trong vige hoan thanh bl bio ndy,
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Abstract:
The Laws of Black Hole Mechanics

There exists a set of suiking similarities between the laws governing the equilibrivm
mechanics of stationary black holes and the classical Jaws of thonmodynamics. This paper
presents the sct of parameters desenbing black holes which are the amalopucs of the
properties describing thermodynamic systems. It then develops the black hole mechanical
analogue of the zeroth, fist, second and third laws of ciassical thermodynamics in general
relalivity,



