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Abstract

As an introduction to general relativity, Professor Zhao Zheng’s book is concise

yet comprehensive, covering almost all the essential topics. It has a low entry threshold,

requiring only a second-year undergraduate level of understanding—students with basic

knowledge of multivariable calculus can begin learning from it.

This lecture note mainly organizes the content of the original book, excluding Chap-

ters 1 and 5. The included sections are those the author has carefully read and deemed

worthy of compilation. However, regarding Chapter 6, which introduces black hole

physics, the material is presented rather briefly by Professor Zhao. As a result, the author

has not conducted a comprehensive compilation of this chapter. Any missing content can

be referred to in the original book.
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2.7.3. IEF0LER R THISFIZIE ML
TEVESS B ZRANE T, 25 2% F IS RIALER, FERL AT 5 i
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) T, (rit—r-
B (r.t) = zﬁ / Tt =) av’, (97)

A dv7 R AEFIE. T
r= (- x) - (-2 (98)
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3. [~ XBX IR RYSEIR I8 E

3.1. BEEFAR
3.1.1. EZFARSHKIREANLTERLX
B R E—EREE, HRRE R b— 2% BHKEMIRIREAE, I
ANEWAIFRKE R, 2T MRKBATERNTR EFENTEEMY, (UHEA
S A F AR A, K AR 2 X, 7522 1.
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MG FRIE Y AR 5 s, BRSRP e oA (51 J178) 2 BN FRIY, FLas X (5] o
) [ RSt N R BRASFRIE. U4

x° =ct
= (100)
x*=0
=g
Wl — R LA BR324 5 ok
ds® = b(r, t)c* dt* + a(r, t)dr* + r* ( d0° + sin’ 6 d¢p?) (101)
la—>1b— -1
ds® = =c* dt* + dr® + r* ( d6* + sin® 0 d¢?) (102)

Hra, b EWAEERSL Y a — L,b — 1, _EaHEE) P4 ) ] Sk i 2
FRR RS PR EE AL

H

3.1.2. Birkhoff EIE
ETHMREM—ERELE AR, IRV LAIMNE S ASERS PR, FLFLLAN BAAA
B AS, WASERXSHR, AH—E ] S4E N

ds® = b(r)c* dt* + a(r)dr® + r* ( d6* + sin® 0 d¢?), (103)

a,b I E R B S r 2K

3.1.3. IHAEME R AR
B FRE S 2T

cr cr

2GM 26M\ ™!
ds? = —¢? (1 - GT) de® + (1 - (z ) dr? +r? ( dé? +sin® @ d(pz), (104)
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2M 2M\™'
_(1_ _) dt2+(1— —) dr? +r® (d0® + sin’ 0 dp?), (105)
r r

r—o0

=== —c* dt* +dr’* + r* ( d6* + sin’ 0 d¢?) . (106)
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SHATHIERAT, STV R r (A ATER, W SUIIIRR AR, i B EL A
R E T ER.
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IR R ASRE B A A, T E RE B 5K A A R 5 I ANHE SRR | SUARXS 18
AL WA BB, AN IMIHE R R, 1A RIS E H P S ).

3.2. FEARZEHELIFENEEE
3.2.1. SIREBES5EEHES
SR PG 2 R Il TE AT, Bl gor = 0. 50 FL PG I 23 b [ A BRSSP Ty 2

2GM\ " ?
-2 ) dr

dl, = (1
2GM

c’r

-1
d* = (1 - ) dr® +r* d9* + r? sin® 6 d¢* = (107)

dig =rdé
dl, =rsinf do

KiG 0 AR ¢ FEKEREBEHEHENALIRIERS r d0 # rsind dp. B r
AEBIBLIRIERS dr AEFERIES dl,, dr FEFMNEE . I H AR 5 [
AR EASR AL SR 25 Y s AL, (0 r T IC7IE R, dr 57 dI, . 58 351
TrbA2, e AR ILA N

r, = , (108)

FERLFR N r AR 25 A1 AR T I TR ARAR, AN BAT IR R
&5 r W ERYZITHN

dl? = r* d6* + r? sin® 0 d¢?, (109)

FWISE r U2 H RYBRIA, 55 r 1 _E A LATHURE H BRI LAY, 6, ¢ U2
FOERTT 1 AR
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3.2.2. AcFRETIE) 5 EF T8
5EL VY I 23 B [T A B[R] S AR BRI [R] 98 R A

2GM\?
dT = (1 - T) dt, (110)
c2r

BRITETTIENG L Hb, ALBRIN ) de /RS FIE AT [R) dr . SE B P B 2 Y SE 4R A i) —
MRABENEE N SR T REIIERS, 4250 PP 23 AT LU G — Y AL bRt i) ¢
o A KA R IS TR A R

3.2.3. XIREESEFREE
BLFIE S FCPE IS 28 v T — iR Ul A AR 1A [ WA

v d6? + sin® 0 dg?
o, = dly r +sin® 0 dg HT ; (a11)
do (1- 2‘§M)1/2 dt
di, ( ZGM) dr w7
= 1- — =L

dt

d (112)
c°r
A SRV I 28 AT — p0 b e A5 SRR o SYerisshr ek, R RBER =
KRN EH S ZEEER. BEE A LREE XHE, N E—FAEE 5 ZEE
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3.3. MERNEALLE
e AT R, AR T IR AW 2 i LR A TE 55 /I8 AN B B B R I8 A8HR
F, FRON IR T LR R EAB I AR BB AR A T R A 32 i S O O T SR A ).
VU 2ERE 2 2 (Y P IR SRR 2L, 2 SRk, (A R A SR B A 2 2R
AT — AR AT LUK RO PR 2L, Horp— MR I R, 55 = Mson =S ), A
TESC I JRIAIAGHIE 2 ) TE SR 2R 2 DY A [ G2 [], L TRl P e U e [ A
IS [R), = ANHELE S H—HY WP )l S [ A (R R E . SKERHAY)
HEEg/LEERR LR, mE2RIRERNE X ZMEEE JLMERNN
BE E2WNE A KN EE.

3.4. 5| 4%
3.4.1. T@SRT hAgFRESH
JEHR 43 b 5 AR BRI TR) T O B B 250 SRS =%, R

G,y
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dr, = ol dr, = (114)
\/—goo|(1)
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i IE T IE ST AOWANEE A B, Sk BEE R A6 T ReR 2 3

- (117)
c°r
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v=1|1-

o vo AE AR AL T B AT R ENR, B TR 5 (06 TR0 B A%, 7 )
L 2 ST S A 200 T IR, A TE 5 L L V0 265
TFRIEAHR. 2R, ToommINE 2R b, RIS & 408, B3
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2GM |
Av=v—vy=v||1-—; -1], (118)
cr
FAR AN EPSRIE W)
—Av 26M\"*| Tom]| 1 (Gm\*
Z = =|1-11-— Al R el R (119)
Vo c°r c°r 2\ cr

Av=—V—rr —Vy—— (120)
c
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Vo cR

(121)

3.4.3. 118

L7 XSS LI R T 23 J LA, B2 il R R AL B b e 1518 0 AL
% AHEIEHS | L 1 IR T she 1 A eE Y Fetf, S6 7 shRERY I8 5]
A

2. I SRS AR T A, e f—"lf B — B LT —3 —ZBE T
HER,

3. PHFPLLALHLH:
« BEELOR: SCUHE = R HIE EhE .
o BIAUR%: @ FHPLAR, il TS AEHGE .

3.5. FEARZEHRNEHAE
AL

1(dr\’ 1 -
L= 5 (ﬁ) = —Egaﬁx X‘B, (122)

R T LS 2IBE RER 5 BURUs S A SR 2 5 R, SCRT LA 5 O 1 im s &=l
HATTRE

dxh o dx® daf
i —=—— =90 123
az TesTa dn (123)

FFAESE . MAZh M E R

oL _ o _p_ oL _ 2M) de (124)
ot e r | dA
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P 2l dd 4= dA
SN IH—1 &4
, dr 2 2M L2
gyvu#u =-n= (ﬁ) = EZ - (1 - T) (’7 + F) (126)
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GM v st ez
Bu = —, AR T R BUEIS B TR
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3.7. X&RwIT
3.7.1. SEE PR FrAY iR

Bu= 20 i = WA R

dz . 3GM
+u=

a0 = i’ (133)

3.7.2. KBAMHE &R
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AO =20 = R (134)
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3.7.3. HFiTiE
PR ERS AT SCHEX TR X e AT B AR 2 5 AN E) 9.
o AR e A R R BH B B I 232 B, ORBHS | I E A7 L7
BB B B HIE.
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4. ZRAMEANT
4.1. P EAEF

K HGs B A HE R ROV 5 B 51 1, TR RS [H R
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o R PR/ NT EAE IERIRIR (14Mo,) IVIEEZ Y AR, S T 11
FHES GERFH) S5 .
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2GM
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(136)

4.1.1. PEARESHNTFRE
SECVUE

2GM 2GM\ ™!
ds? = — (1 - T) c2dr® + (1 - ) dr® + r* d0® + r* sin® 0 d¢* (137)
c2r

c’r

PP A7 S T A

= 2GM
Joo —|1- CZ,» — 0

2GM (138)

2 2GM\ ™!
911 —11- czr — 0
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S EIPIEARE 2NN
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V1 -2GM/c?*r

2GM  r—ry,
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XU IR TC ST e AN ok, (7 B S I T r = ry BT,
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(139)

o BRSSP L B TCIRAENT ry I, TC 55 I 2 AR
BT eIk, AT,

 SBIRA SR AR, WK A = ofv K, ISR LI
S, SO, &R I & TR, 5
HEFVE, Y REFTIK

4.12. FEHASEHRR
BRI OB R R A S AR, 3 f () =
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_ 2GM
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goo > 0,911 < 0,922 > 0,935 > 0, X 2B P

ﬁ%%?ﬁﬁﬂﬁ@% r AR TSR I, BN FRL I L. AL N SRR P 0%, %M%'?Eﬂﬂ
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TEAERT R R AV AAARIS 1] 7 1528 B B N7 CRAM) B A (). s ELP i 25
L TCAETEAE T R AR A2 AR
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ER
o [ To \!/?
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2M
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(;—;4 - 1) +tan 1 w oL m (144)
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— = l) —tan -
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7o
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2

n =0, r=ry =0 BRIBUA CKMR) MIEFIERIE.
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r
(147)
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r
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p? =r*+a*cos® 0,
A =r®-2Mr+d°, (153)
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