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2.1 Jﬁ,ﬂ;ﬁ‘ﬁlﬁ/ﬂglﬁ{ﬂi{ﬁ ( periodic sources )

211 WERSE WANERAEREARZHTERBAR, BAkEE - siEkEa
W, FTRAF=AES 1S, 5lJEsw EaeE, TMERZRARWIERE . XRRR
EHAFENFTFRRS, PURRARKU KR —PRBFAA—NFTFREARW RS, HilAR
H—T 28kt 2F, BARMHFRERS, 2500 PSR J1518+4904 , B1913+16 ,
B1534+12, B2127+11c, B2303+46, B1820-11, JLREIREAE M1+ M, ~ 2.6—2.8M,, ,
HiA PSR B1820-11 ffE R fE AR TR, B0 (6] . X THum T35 RN A,
BEWNRRG E—REEENT . R FEE BRI EEE R v, AR ATE
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SRR B IE R, TER T ERIERET, 7E—BEHR (RS —4E A A et ) R—
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BRI S), — B ARBAN— R, RIS R BB, MaATI
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BRI AE IR AR, ZRR, WA 5 BT RETE 5 R4 B AR IA IR
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izt R RE R IR ABqw /Meorec® < T x 1074,
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3 FEHERSg] 17 ( relic gravitational waves )

BT FH M E RS ( CMB ), FHFMAFERILA G 1, XA RUERHE Bk
HIPRSL IR SRR ok, BT R TR R R, RINTTEEROEE, EWHRAT
HHERARGI K. ETE PR TIE S E T ENY, FWan Bk
W, FERERF o) =T BEFHHRETIETHE PR AAN IS S5 &0
S, [RII BOR 2 BEAL P AR T A B R e 3

Guv (7,7) = a? (T) (77/w + huw (Z, 7)), (16)

o o MIDERE, R (7, 7) RERBIRUNMES), HAskERER S Rl W SRR T
P WY
ds* = a*(7)[dr* — (0ij + hij)dz"d2?], (17)

R T 5| ST e 7
Op(V/=g hij(Z,7)) = 0. (18)

s =S [/ Ry o

. V167l o Lo A, (A iz Ay )k, N iR
iy (7,7) = 2ﬂ$§1/ ARy B) o) (1) 4 af O (), (19)

Hot 1, & Planck KB, M THE k- B EBREFE, B2 oV (r) . EYRHK
THFERERET, FHRKHENERESE —RAMIR (22, 23, 24, 25] ,
BT RASI PR (26, 27) . TR B R FH I B M A, EEhR
RE RIS IR S, Bor B ATHFZS T I I R A B 1 e B [28) . 7ELLB
(142) ~ (/)3 ~ 13 FIBNEE (2 =0 ), FHEMMEEEK, XXTRADISE
WA SEA T T, RAVSEIBINE () BRATI BRI h(k,m) = T2k b (7)]
HAeAMBINFEA N .

h(k,my) = A(E)2+ﬂ7 k<kg

k 1
=A(—)P Tt —— <k<
* ﬁé’ ky <
kug” (1+zg)3

1

h(k, ) = A(

Wk, i) = A(- 18R

ke <k <k
kr D
koyivs-, Fs o b 1
_ <k <k
Tk, 7 A(kH) (kH) ky (14 2g)3° b hsh (20)

XH AR mAIgh Ao HIRAE, A5 51 7B E S R B S TTEk © CMB %A 57
e, W A~107°, B BFHEMMSBROEUSE, [ WREEITHE R B
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RS, RAMTERE 7 RARFFEEF a(r) oc 7771 (FREREY de Sitter 1H1L 5 = -2) ,
kg =A4m x 108 Hz , kg =ky/1.33, ko/kp =51, ks=2rx108Hz, k =61 x 101
Hz . BRARTIHBEHE 3 4. EREWH, XPUREARR PRI BT R E M
WHER, I B MRS = A BIME=BB, G0 ER
HEURHh I LT BRI S 6, K 0 BRI TIRIRE. BRARTI N EEHR
W H A EAE AT AR s R 5 H B LB REE R —.

FRAT| ST BE T LU IL Sachs — Wol f 21 HEEF=4£E CMB L3 AL, 247
T, S RE S RAL T A s S BRI RES R . 51T R A i R R A
k., bR EASE FEWFHNAREE (29, 30, 31] . 5 BN A AP AR Ak, g
B RIRALRTE BN R, BRI SR BC R E B CMB £ 1 R f g5 2
WAk, TR2EA FIRERRA T K EIEN, HWs| A S A TR E LT CMB #
BRI & B [32] . DASI [33] DA K Ezit WMAP [34] E445 1R - BRI b se X 6
B, HMARE RSB ES. BaifE F— RS SRS Planck RRAEIRALHL
GEIRALEIE R X R R FH R T SR A7,

4GSR BEAR

HETS R EEA FHAULMITE: RSO T OO, m T3l husEmATr
MR BEAEAL, BBOXPANTT I B0 R AR A2, ™A T3, X PR3 E AT L
BCEAEHE B 2 F], 705 W] DARIBRAE ~ 10°Hz #1 ~ 107°Hz Mz 5] 3 iR
iR, BB SRR IR N E TR, BAURSIRE, 8% MM A 7E B
[7] DX 3y 22 X PRI S FEA TR S TR, PTDASR = R, BURTE ~ 10°Hz . FI Ik
EHMW Tk, BT ER LR T W P Z kol BR kot F SRR e, HEYA
E1Pab)ehibunin P us=E5.7 U= [ o) :EXzy. e S5 A 2 9IS U ER= 2 B i A et W i =
HAVHEZ AN TR ZP kel Bi, 8 REREEAERR RS, SRAX P&t AR
MF1 S [35, 36] 5 A FATHITH 22 H @ RN CMB HE7 BMAL I I, XPITIET
PAIA A ok (] e 0 2 i SRR T | T

H BT IEAE2 AT B i O T 07 R 5 7 i EZRITH A AL T 2 E 89 LIGO
X, ALTAEEE GEO ik, HAR TAMA i34, SP4FEF, LIGO #yHFEN REE KR
RFEF. R4 LIGO S4RMHRE (10], 55 KB @ 745 R4 B IRAE (100 ~ 10°Hz)
(] REBBERH] 0.3 x 1077 ~ 1072, BHWRE], XELX T 28 Akt Br 5 ¥4
Sreg i TR BaZ AR X A FRNGER, M TR 75 P e R 5 T 7
Mr, FRE]T T RS R — MR 8 < 1.8 . BUNSI I BERINEAR LY
FEARACHIHTR, HE—P S RCE MY B2 R,
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The Gravitational Waves Sources in the Universe

Yang Zhang, Wen Zhao, Yefei Yuan
Astrophysics Center

University of Science and Technology of China
Hefei, Anhui, China

ABsTrRACT In this article the physics of gravitational waves is briefly discussed, and sev-
eral kinds of sources for gravitational waves are reviewed, including the periodic sources, the
pulsed sources. Presented is also the spectrum for relic gravitational waves in the current ac-
celerating universe that we have recently obtained. Besides, some of the important progress
are mentioned in experimetal detections as well as in theoretical study of gravitational waves.
Key words gravitational waves, black holes, pulsars, cosmology



