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H>Vu
HVNAX:J��:9 ds �6YI�?� [21] �
ds2 = −c2dt2 + dx2 + dy2 + dz2, (1)�%n��

ds2 = ηµν + dxµdxν . (2)�H µ � ν O&9MN�lbKm� ν � π J��! 0∼3 � ηµν �
R��|MDHJ~��C�l[�
ηµν =













1 0 0 0

0 −1 0 0

0 0 −1 0

0 0 0 −1













. (3)H>Vu
J50-�
X>Vu
H�#%U�<!
��J0Vq\A=J\��X>Vu
{8J��\	!~��C�l[T{8J'7���}�\N_�X>Vu
Hu��:9JN.��� ds2 = gµνdxµdxν �'4 gµν !X>Vu
HJ��l[!C�{8��TL���q�
UJ(dJH9U!�uhJ�+*H!I��6�b��N_$�050/q�C}�6dG
~��C�l[q5+:hJ�Z$N� gµν ,

gµν = ηµν + hµν (|hµν | ≪ 1). (4)A��CCaJX>Vu
HBJH9r�� [14] �
Rµν − 1

2
gµνR =

8πG

c4
Tµν , (5)'4 Tµν :~��CbC!C�{85D�^� Rµν !44!C�Wm Tµν h!�"u~!C� R !44!CJQQ�:~�N_MC� G !�\H9u;� c !VJ�D; 8πG/c4V?h�C"}� 10−43 �hrdGI�E� (4) 4f� (5) �6
H�

hµν =
16πG

c4

(

Tµν − 1

2
ηµνT

)

, (6)
2DCJ��Ml�6=��u?JUb���
(

▽2 − 1

c2

∂2

∂t2

)

hµν = 0. (7)��'yH9UV`+_V_5?��uHfH9�w[�{A��~�x
2�[��=~
TT [��ub+:� z T�
>|JU�HBJUbV�\eIz��

hµν = h+(t − zc) + h×(t − zc). (8)
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J�:�N�'#JU~�l� 2 �C�)
 2 :\�J"+ (?� 1) � h+ ~�5j"+� h× ~�kj"+�
� 1 �I:V 2 ;#,^K:T� [14]

hµν =













0 0 0 0

0 h+ h× 0

0 −h× h+ 0

0 0 0 0













. (9)qyJV{8F+:F��wJH9U��6U+:=8J50�aV& (?� 2) �7~+:u�$b x � y 'yq�H9U�e z T�
�S�)u�bWO_
WJ|M$�q�:!u�5:J�:
A�H9UJ$_
+:�
q:#��%�Q�VMU
f2�7J�
q:�Q�#�� h+ m h× H5J�:#���QJ�
� 45◦ J1I�+*}��H9UJA:"+℄u<�DCJQ℄!
δL(t)

L
= F+h+(t) + F×h×(t) ≡ h(t). (10)

� 2 �I:V 2 ;#,^KkN [22]H9UJ�l�6U+:2C3C$N�� MJ+"�6UvlJVuJ�C$N��
h = ∆L/L. (11)
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2.2 �R2�%������H9Um[�U!SW\�J�0z;J[�Uh!Y��Jri��i�wJ [23] �W}�6SfBJH9Uh!Y5JJ0DCur�wJ�[�Uwd9:urmSf%5:J|��mw�%<+�}H9U�6$}\3Q℄U�`Wp�'zB��`H9UJ
f��6��+:\�neJhU�lP!W�6�`
fvetj�0�lHivmyqv3�J�``�$HBu�H9rJqJa��
N 1 H�J�FH9Um[�UJ\�5��
 1 ����&S3����℄���X K�<�X��;K�TM℄�sM.� ��>�M.����.�x��OaK�MJP#�

λ/2π �ns�zid��>�MOa℄�X#[sk��kU��M K<X#2EMFE��E6K�dp�M�g℄�XpGM℄<Æu�℄��3pGxtMd<Æb_g7FY�{WA�:<xpUi p7F#i�sY�{W�E�K<X%~℄<7F=&6;M}�P=,�ny�*B ,�){%~℄P�xtu���8�IN�MUi/sU℄�IDMxtu�
;#)[dXgfi8MY�{W�i�fi+�ÆniE�W�3Anp r )���� iE�OKÆ��4E4.$�!!yAn�Xp r ���
(=#gK<Xfi2='Q�np7Ds%M
2 8�{�K<X�fix
��6 8 8�&�T�fiDMK<X�B��M.a|He-<<E#Xxid�yxtM�n��8W K<XXxQe�z2dxM�n�℄�W%�b�K%xxtx�b <X-Hd�X℄�Xx,ÆxxtxM�LaN x�>�i+�K<X�C&>�%M`=xt!yM7�;#UiD�'�:dÆx� K<Xi��<fiD�E"��;x-<K<Xx`Ui&zdx8I�I+xMu� %�NÆ�(-Hd�XMfi ({f���~jWÆ)

({f���ÆjWÆ)
3 �J;WL-#o%`
3.1 �L#;���5!*
3.1.1 �l\o`H9UJIOZ%$lvJF�bCJJ��[�U\)
8��w�>u![���w�}H9U\)
8�m���w�>u!DCF�}�w�T6DC�^J�RbCJ_>eI�

Qik =

∫

ρ(3xixk − δikxjxj)dV , (12)
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2 �2H�Ms �vJDC� r �vJ\j-t�$C"�9�HBI��

h ≈ G
∂2Q∂t2

c4r
, (13)2H� G !H9u;�U νns $N�v�`JlJ�Ju~`��U Ens

kin $N�vJ�`b�J�Ju~`�� Q J�R�:A;�6dGUN.�
∂2Q/∂t2 ≈ 2Mνnss

2 ≈ 4Ens
kin , (14)$}HB�

h ≈ G(Ens
kinc2)

c2r
. (15)�JH9Uv!�\�J�Ju~Jb9�urv�e?v=v (0"'�v�Hivmve) �HivJ5D�b�yvl`QmÆ/hU03���FÆH�SfH9U�AJ��_��%
V?0J���SfH9U�A�?ezHi=vQr�A}���%�+$)

Mpc �:���J�A��_�
'#JH!I��6~_�
Ens

kin/c2 ≈ 1M⊙ . (16)7~H9Uv$bvD�!hU��/q��6HBVMJMJC"N+� 1) '�}vD� h ≤ 10−21 � 2) aZ�/� h ≤ 10−23 � 3) e_
U�S� 104 m J
f/�VMJvlJ�C L "�P� ∆L ≤ 10−19 m m ∆L ≤ 10−17 m �'!+:V?*SJN+�0z;Jv�w�JH9UT�H5JMJ
�L?':+LT_h��%[�B�J!�SfjMe 5hQ\!C�H9�w�Cu (��q':�C!�u�0J) �}Yb��!�u�9R
JYD���6U2VJ+lH�$N+tj�l�u$_� fg J>�H9U}��2MJ+"
h mE_vl w \eIQD�

w ≈ πc3

4G
f2

g 〈h2〉 = 3.18 × 1035f2
g 〈h2〉 W · m−2 , (17)'4� h2 = h2

+ + h2
× �YqyJ�i�6
�u;C"V?0� �E_vl w w0�MJ+" h (!V?hJ�u+:'�}vDHYyJH9Uv�
$_� 1 kHz ��MJ+"

h ≈ 10−21 ��E_vl w � 0.3 W· m−2 �'3l?YyJw[ur50�Vvl0F}
1020 7�Yb�

L = 4πR2w ≈ π2c3

G
R2f2

g 〈h2〉 , (18)�HBMJ+"�
h ≈

(

G

π2c3

)1/2
L1/2

fgR
. (19)B�>�;�̂ pb!�C85
H9`Q`�Hn�H9UJ�y�W}�u+:H9U3��A��67~�AJl0�:� τg �H9U&�Jq�C� Eg �'#znFF+
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L ≈ Eg/τg. (20)3��A!p
J8+�A�+*\ J.S�^�2l0$_� fg = 1

2πτg

��6'bU
U':$_$_>3�v.SJ�8$_�'4J fg \�b>�H9UvH._J$_�u+:dG�5C.SJ3�v}��.SJ� ∆f C"�=qN�b fg ��6EMJ+"N��
h ≈

(

G

π2c3

)1/2
(Eg/τg)

1/2

fgR
≈ 5.8 × 10−20

(

Eg

M⊙c2

)1/2

f−1/2
g R−1. (21)�H fg 6 kHz �8$�R 6 10 MPc �8$�I��e_H9`QJT_!z�+:ve�	k�6VujVUN+�A���:�_>z�veJl0�: τ �H9U�`�H9rMl Ds TUJ�:�'47~�H9rMlJ�l 2 7bH9-t 2GMc2 �QBa� τg dGNb τ �HBI��

τ ≈ 1

2πfg
≈ Ds

c
≈ 4GM

c3
, (22)u�\$:\"DCJurD��VMJ$_0}�$ kHz �TrqyJH��	A�

Eg = M2
c �3��AJMJ+"�6N��

h ≈ 1

2π

c

fgR
ε1/2 ≈ 5 × 10−19.5f−1

g R−1ε1/2. (23)

3.1.2 �_kd℄fe^abu?vJH9Uv}��n�H9UJ$q�L!YUvJ�l R mDC M �_J�
R ;"evJJ�b9��l��6!8:l_vJ0h��!=v�t5:J�/�u'#Jv�6wd9H�$_�

fgw ≈ (1/2π)
√

GM/R3. (24)$� (24) ��6
�TnfJH9UvH$_v5J!0DCJ?vur�eHiv�y0DCJve�wd9�6N+�H9U$_JqQ�C�$}T\J�SfHH9UvJ)��lh
0bWJ�
:-t 2GM/c2 �T6WJH9U�wQ/ T \
hbV�~1:�H9rJ�: 4πGM/c3 �'z�_F$_JqQ� f ≤ c3/4πGM ≈ 104(M⊙/M) Hz �
+lH!I�H9UJ$_!YM\J�b (ei	vJ�^) �_J�:!
0z;JH!I�ulH9ur}�$_murJlW$_\Q (��H5?�
'4
UlW8$B) �YI�_>�
f0 =

√

ρ̄/4π. (25)'4� ρ̄ !vJ'�D�vl�)$_m=vD�J\E$_murJO\i	$_�b�+C"�'+$_�.qYvJ�l R mDC M �_��6?� ρ̄ = 3M/4πR3 �uDC� 1.4M⊙ m-t� 10 km JHiv}��lW$_ f0=1.9 kHz �uDC� 10M⊙ m-t�
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30 km Jve}���� f0 =1 kHz �e_veJDC! 2.5 × 106M⊙(7eGtDHsJve) �lW$_
6mDC�
?7IH> f0 = 4 mHz �� 3 !u��JH9Uv?�JDC�-t���qM�F 3 {$_\JS� f0 = 10−4 Hz � f0 =1 Hz m f0 = 104 Hz �'l!A��>JSfT?�J$_�u$_� 1 ∼ 104 Hz JH9Uv!Uy
f/J�M�Qb':$qJH9UvJSfz<�X\b�:
f/F�� 3 Hz�F0CJVu
}ur�Hiv��V[^JHi=vD�m+lve�A�i	vJ�+L��=vQr�A
GtD�J��_!n 105 �+#�Uy
f/C��M
fB>u0d 106 :vDJ�:�b��`|Sf�

� 3 �I:VVwED – .uRE� [27]

3.2 �R2�U
3.2.1 �gnkd℄m^�H9�wv!+N
6n�}`2�
fJH9Uv�7~
+Av 10 m J|/A�h�q 103 kg (0}+BhK{JOC) J�O�1:D��[|/JHs6 10 r/s JJl�^�Yb)D�HT\JJlh!�Ju~J�C}
� (14) H ν2

ns 0}� 105m2 · s−2 �C��^Q/! 0.1 s �$}1:D�JDC�^JJ�Q/! 0.05 s �T6n�JH9UJ$_! 20 Hz �Uv0}! 1.5× 107 m, $}mUJJ7t�lV?��F
fBH9U�
f/M)>u�/v+:Uv�A�� (15) �H� h ≈ 5× 10−43 �z�>JSfjl}�� H9UjM�
!\hF�
3.2.2. �ihj
kd℄muUyJSf%}��<\0DCurb!hJ�6:SfBH9UvJz	r�C`+_SyJQbvJqT�d�VQ)O [13, 28−31] �'4<?�+lJur50H9UvJ=8Yv�



� 66 �������v�*���a��������� 25 ��+*�6&H9Uv�� 3 :YyJ,y�ur3�H9Uv�Q/H9UvmN�5n�
1) ur3�H9Uv0"?v=vD�Jv{Qr�yqv3���!yqv�A{JHivmveJz��'#JH9Uv�MJ�:m�$h2��JN+�lP!'lv�\�:+#}JlX�+9-`z2�Sf�
(1) ?v=vQruUyJH9USf/}��?v=v!V+::
4JX�z	r [32−34] �?v=v�60d 2 �Hiv� 2 :ve [35] �!Hiv�ve [36] �YbWpJ�lh (HivJ7t}� 20 km) �Wp�6A �d�V6L5J$_ (�. 500 Hz x_) �V[^��V�dQB[^Jlw�z;"eDCF�bCJ�RA;w0�H9U6w5Jj_�w���q��w�J�C!e 50�6>b+:A V9 500 km � 100 km J=vD�
VMU
$�L�$|L5��RWJS` ��C�H9UJ�w
�/~dJ�zj_~5�C �N�:J�5�H9UJ+"m$_h
�5�7BA:ursMPd}Qr [37] �
(2) yqvyqv�\T\J��hJH9UvJ{A [38] �WpJDCV?b$:\"DC�Wp�u?v�QBl5F�u0J5J`��W}H9�w__mF�bCJJ�_VQ�C}�e_yqv`QmPI$J3�h!Tu~J�	kzm\H9U�wF�W}\��T\Jyqv3��AhjVUTu~�:!�u~�lBT\z0�'N\u~
z0�lq�H5�6
fBJH9UJ�wN/q>\bWw
V_�
2) Q/H9Uv0"=v�^�i	vmK�Hivl^��Tu~vrJ�^�l^�
'lH9UvH�YbvrJ�^�l^h\O\JQ/�!Q/}JH9U>��wv [39] �
(1) =v+*=v!vd9:0VJQ/H9Uv5+ [40] �=vJYy\EQ/0z0b 1 h �VMU�2�w�JH9UJ$_hb 1 mHz �'B�<\�:
f/b�M
v�:��Q/{SfBWp�
(2) �^JHiv?+��^HJHivJDC�^Vub�^T!�Tu~��Wz
�wH9U�DCJ�Tu~�^��P�bA?vJzJJ�o��r�(��P�bvr
n�J5�HJzJ��!P�bu,vJ5D<�`� [41] �
(3) Hiv\._}u�\�G}Jvr$B�)
+:MWJv5^b$_� T&J�Q�^$_�1998�5>�a� f ��J\._}!O%J�f ��u�Q�^JQBwh�1998 ��Andersson9��\�℄�`Jim�B��T\J^b?vvH r ��h!\._J� Lindblom N^�Mq�Hiv�� r ��\._}�^bQ/E

+��q	B 20 ms �'�6V&pav�HJi	vJ��Jl (19 ms) �OwenN^�M r ��\._}���JH9U�w\��
:q+4H9U
f7
fB [42,43] �
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(4) y0DCve2
�$Q�urJy0DCve (M > 105 M⊙ ) (!�uhJH9U�wv [44] �Wp�wJH9UYy$_
 mHz �Qbq8J=,v�C�Uy+b��mH9ml��B}F':$_qJ
fO}l�
Uyq!2�SfBy0DCveT�wJH9UJ�T6�',v!�:H9U
f/J0	�
3) N�5n�wÆ/hUJvl�Z
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Abstract: Gravitational Waves(GW)are perturbations of space-time, which propagate at the

speed of light. This is one of the predictions from the general relativistic theory proposed by

Einstein in 1916. So far, their existence has been proven indirectly by Taylor and Hulse’s obser-

vation on the decay of the orbital period in the binary pulsar PSR 1913+16.

Now the field of gravitational waves astronomy is inaugurated. The theory of gravitational

radiation already makes an important contribution to the understanding of a lot of astronomical

systems, such as binary neutron stars, cataclysmic variables, young neutron stars, low-mass X-ray

binaries, and even the anisotropy of the microwave background radiation.

Direct detection of GW is one of the most exciting subjects in physics and in modern astron-

omy. Up to now it is impossible to generate gravitational waves strong enough in laboratory that

they can be detected with the aid of present technology in the world. The celestial sources of

gravitational wave become the first choice of scientists for studying gravitational waves because

of their huge mass and high speed. Gravitational waves are quite different from electro-magnetic

waves, which give rise to the expectation that the detection of gravitational waves will reveal a

new and different view of the universe. We can say the observations of gravitational waves will

significantly complement the observations of electromagnetic waves, cosmic rays and neutrinos.

A new generation of long baseline gravitational wave detectors is currently under construc-

tion. They incorporate high sensitive Michelson interferometers and high power stabilized laser

sources, suspended optical components and high performance seismic filters. They have arm

lengths of up to 4 km and operate in an ultra high vacuum environment.

In this paper, we describe the theory of gravitational waves first. Then discuss the origin of

gravitational waves. Various efforts for detecting gravitational waves are reviewed briefly. Fur-

thermore, this review discusses the promise of this field, outlining why gravitational waves are

worth pursuing.

Key words: astrophysics; gravitational wave; review; general relativistic theory; sources of

gravitational waves


