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Abstract

Giant Michelson interferometer is one of the essential means of gravitational wave detection. The
influence of gravitational-tidal-force assisted laser wavelength stretch and laser-frequency soft
coherence on the interference phase in LIGO (Laser Interferometer Gravitational-Wave Observa-
tory) is investigated. It can be found that there are five physical origins of LIGO interference phase
shift in LIGO gravitational wave detection: i) purely geometric change in standard length of inter-
ferometer arms (non-tidal contribution), ii) purely geometric change in standard length of laser
wavelength (non-tidal contribution), iii) gravitational-wave tidal-force assisted change in interfe-
rometer arms (tidal contribution), iv) gravitational-wave tidal-force assisted change in laser wa-
velength (tidal contribution), and v) feeble coherence of laser frequency caused by gravitational
wave in LIGO interferometer. The laser frequency shift in two vertical interference arms can occur
due to gravitational wave, and hence such a faint coherence condition would also lead to interfe-
rence pattern change when the gravitational wave propagates through the LIGO. The effect of
flexion and extension in laser wavelength resulting from gravitational tidal force caused by a
passing gravitational wave would have significance of measurement in LISA (Laser Interferometer
Space Antenna). The frequency change rate of GW150914 gravitational wave signal resulting from
in spiral, merger and ring-down of black-hole binaries has been addressed, and it can be found
that the logarithm of the detected gravitational-wave frequency change rate agrees with the
first-order Blanchet frequency equation within accuracy of +30%.
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Figure 1. The schematic diagram of LIGO (Laser Interferometer Gravitational-Wave Observatory) [8] [9]. The LIGO detec-
tors at Hanford, WA (H1) and Livingston, LA (L1) are two modified giant Michelson interferometers, which can be used to
measures the propagating gravitational-wave amplitudes via extremely tiny length change of their respective two orthogonal
interferometer arms. Each 4-km interferometer arm is formed by two test masses (mass mirrors serving as optical resonator
mirrors). In order to enhance the interference phase shift (detected at Photodetector) and measure accuracy, each arm com-
prises an optically resonant cavity (two test mass mirrors) for multiplying the phase shift by a factor of 300. There are a par-
tially transmissive power-recycling mirror at the laser input for dramatically increasing laser input and a partially transmis-
sive signal-recycling mirror at the laser output aiming at optimizing signal extraction of gravitational waves [8]
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d°&" [ds® + (0,5 — 05T, ) =0. (30)
BARHT 0, — 0, 5 U #64%, Wi BIFHI7E Z J7 15 BRSO D i BE 0°¢7 [ds® 9% s % T
D2 [ds® + R (LU =0, 1T R, K%, il & WAL RA T L. FERITEE X T
T R 5LV B E X PR e P

dd‘f (0,09 =BT 40 )L+ (0,10 = 0T ) L =0
(31)

dg X X X
=~ Ol ol =g ol = 0.

T T =0T, 0+ 9T, 0 (445 =309 T, o BNJE T3] S B o7 he B, wdik/b, o

Ait), Fre
I 0 =0T, 0 = —(1/2)(09y + 3,905 = 9,050 ) = —(1/2) 349, (32)
5, T =0T, 0 +9°T, o (FHILHE 59 T, o KA, FiLl
0 =0T, 0 =—(1/2)(859,, + 8,90, —8,8y0) = —(1/2) 04, (33)
m%%ﬁﬁﬁﬁwm=4+m,gw=m,zuum%§ﬁ%%$cm,m@n&Mﬁ
0’8" [dt? +((0%h,, /ot )L+ (0h,, ot*) L) 2 =o. (34)
[, Y S Wb I BB AE Y Sl B AR I A
0’8" [t + (~(0%h /ot )L +(0%h,, [t L) 2= 0. (35)

Xt AL AR g B 50 T I TRIAR 20 P G, AT DAAS 381 B B8 1R (P 108 £ 51 70l Insd A T 1Y
JEARKEE, A LIGO T R#E K (2 —)):

_ere —l(hxxL* L), eU =g = —%(—hxx L +hy L), (36)

fh(35) %, A TAT LA BT B E A& fdt = —(=(oh,, /at) L + (oh,, o) L) /2.,



R

i1 T ON,, [0t SR oyh, (0, A3 JIHAIER), IATES SIBasy IR R, Bov Buk i %
azh, L
LB A AP T LA A Ay 515 i) . B BUs et B A5 T S U = o' fdls
HIU® = dx°/ds IS TE, SRUMCTIMIE AN h2 B4, TR, imu° =1/ 1-gwv’ i gv'v s
h2 A hy, B2,
D2§0

WRHE(27), FATHE T G AR AR L M 2 T 22 50 w R, LUUY =0 . 4 5ekrT

UL, ZINNLR LA

D%’ - o e o N,
d§+RhwU%%ﬂoE%,m?%§%$%gﬁthfﬂ,ﬁﬂ%ﬁ%ﬁ%@

2 £0
E%%ﬁ%%ﬁ&ﬁﬁ%ﬁ%,E%m%#ﬁ%ﬁﬁﬁ%ﬁ=0°
NfifL, FIRATULE 1 N (05T, AR D, . WHAEGEE)R, X5YT-WB A K st it 4
%%&kﬁwﬁému\5U=a=%muo?%?%ﬁ&ﬂ%%%%%ﬁﬁ%ﬁ%Y?%@L%E%
1)

Ag= 2(|kx|§x —|ky|§y) = 2(—%|kx|hXXLX —%|ky

hxxLy) = _2|kx|hxxL' (37)

XA T |ky| =k | 5L ==L (A& S4RML, EHELIGOTI R E). WnRHoels T8
P& n K, AT AR S RO n ff, ZARGRIET 51 e 1S BT E KAL) N
Ag=-2n[k,|h,L (38)

DR G BE T 31 17380987 3 5 300 T I P 0 4 ) B 5 2 B AT 0 85 SR (Rl 1 0 K s K T
LIGOTFHE HIETE).

R BWOLIE, 3R Ny TR, RSSO EBR K, . SR, B3 R
LA AR, A S AN R . 31 AR S T, RO AR k| (%
— E T AR IR), (B3 H KT K T LIGOTHAUE K, TBABOE IR H |k, | BT
DLARTE, BhnE] Sk FEGW150914 5GW151226 1, $is A 200 #2415 73 i K A 1.5x10° K, sk
TLIGOTHE K4 TX).

T FROCTE TR BAEER n T ZE I 1 A . RIBEHR B, ixAgs kg At=t -t = 2nL/c
Grb t) ST IR P HOBOE MBOTE K SRS TE RBUBIT I 2, t RO it 76 X T4 5 n
VR IEIR 5 I [543 50 R 20 o (SR _E AT A BN 50 MR TR AR DU % B B X,
%mm%%¥%%%%¥,ﬁﬂﬁﬁ&ﬂ§=%mwﬂ,%&W:@—%KUYOm?ﬁﬁ&ﬁWMﬁ
REGALE AR L Al L (1-h, [2) , TR B ot = (1-h, ) (L) 24
czdtz:(1—hxx)[LX(1—hXX/2)T, Hp czdtzz(l—hxx)z(Lx)z, I L =c(1+hy, )dt . TR Mo fE T8 R
n YT BB ] At =t -t AT L R

2nL = [y c(1+h,)dt. (39)

FIEL, EPNTEYEITH B G T, ET BRI n YOI HZE I ) At =t -t 0T Ll R Rk
2nL = [ c(1-h,,)dt, (40)



R

o t§°) NYHITPE WO BOGIR R S8 )5 BE 4 R TS 7 BRI 2, ¢ oA S A
YT n JOREIRG J [H 2055 R R Z1

BT 51 J7% F12, XEEAR K AN L(1-h, /2) , SMOEXST 2 R A R — GRS A AR A
Ak |-2L(1-hy/2), n KIERAGHELL|K, |- 200 (1=, /2), (HikA 2nL FEEREYMRN, HaxiHT
W Lon RO RAE AR

=k o c(2+h, [1—%)&:|kx|c.[tlo)(l+%jdt. (41)

S A5 4 L PR O T R A A P BT s ORTEX T ARG — BB AL (Al S/
?L)%W%El‘]ﬁ‘ﬁfi?ﬂ|kx|-(AI)(l—hXX/2), 1M 263 3 BB B9 AL 75 A I ) A T LS 5 (39), B
Al=[Te(L+hy)dt, TR, (A1) (1N, /2) HiiE Ny

|k|j c(1+hy,)(1-h,/2)dt= |k|j (1+h, /2)dt , TR=XETF 38 L0 G (A 808 K2 2nL ) R B

*amjcmml)o [IHE, H T 5 s I B 2k, YR AR K AR g L(1+h,, /2) , BCEY il AR el —
UAIRL A K, |- 2L 1+, /2) o BWORLEYEITWE 205 n YGRS AFAR G K, |- 2nL (1+ h,, /2) « )&
K (40), YEHITEE L n RAGH REANLA

h h
4, =k fgm c(1- hxx)[1+?jdt =[k,|c ﬁ;» (1—?)& (42)
THE, LIGOE MG v /R b TI SOMM GRIR T 51 J1adlis 1 3 8T B KAL)
1
Ap=g,— g, =k, Jc(t 1)+ E|kx|c(.[:£0) h,dt + J:(p hxxdt). (43)

XU RN, AN 2T AT DURTE M B i — T Wi 5] JpE R AR, 55
TP KT KT T K (A 5] f1i - GW150914 5GW151226 11, 5] i Kot T K JLE 5
R0 T I PRLIGO S IR B 1 n KAE FIHR S SR A B K nL), h, aTLUE G 1E S AL R AL,
AT LUELS A

Ap=g,— ¢, = Ik Jo(t -t) +%|kx|c[hxx (t=t)+h, (¢ —t§°))} (44)
th(39) (40, Fefi1# 2nL/(L+hy,)=c(t-t") . 2nL/(1-h,)=c(t-t). £
c(t§°) —t§°>) = —4nLh,, c[hxx (t —t ) +h, (t —t )} = 4nLh,,. (45)

IBALIGOE BIE v /R FI A (B T “Hlw %" )N
Ap=¢,—p,=-2|k|nLh,. (46)

X5 i 25 R (38) A ] -
LIGOE A v /R i T AU IE A L ER LA BWOLEXE 5YH L8 [ 5515 21 1A A7 707 /&

¢X:|kx|cj(0( %)dt K Je(t-t)+ s |°j h, dt, (47)

=k, |cj(0)[ —%)dt k,Je(t—t0)- s |°j o Nt (48)



R

&m&%ﬁmm@m@:qnwﬁEmuumwzquWUALﬁﬁ,ﬁﬂ
Wk

, = |k,|-2nL(1-h,, J(O)h dt
(49)
~|k|-2nL —|k,|-2nLh,, +|k |°j h,dt,
, = k|- 2nL(1+h,, j
| |C (50)
j h,,dt.

PARE RO 2, I3 At A A K L AR, 2nLhy, ATLUEBUS Jycf ) hdt, T
L@mmwmﬁ”%jmmmwmﬂ”m AT U= 20L/C , M HOLAEXE S5 B |- f A P A
ST LAy
ke pe

dt, ¢, =|k|-2nL+2= > BT oo ot

t
- 2 .[t—ZnL/c X (51)

XAPEE, HAERE SR MR, BRI Z
#, :|kx|cf2nuc[ —h%]dt, =k Jef. M/c( +h%Jdt. (52)
KA RIEATT AR T BT 51 0808 % s B2 (A7 LE, X%ﬁﬁéﬂ%?ﬂ)ﬁ%ﬁ‘]l—%%, Y&
kr‘%&jﬁ%mu h, %, RGBT X
IGE 42 3%, 1Eﬁﬁﬁ(39)5(40), i f:@c(“ h, )dt = _f:(yo>c(1—hxx)dt, AT LA 3
c(t-t)+c Ltgm h,dt = c(t-t%) - c.[:(yo) h,dt, tE
ot 1) = —c( J:<x°> h, dt + f(;n hxxdt). (53)
TR LIGOE LA v /R i T # GEIE T 51 /1 iy 1 8B K AR ) ] LS
Ap=¢, ¢, :%|kx|c(t(yo) -t”). (54)

BAHERIR, WTFHT, T odt-kox=0, 2 kdx i SR T DL NET T | odt 19251
Ait, TR RHETE oL+ h,,/2) RAE A TEASURTRAE), FRIEXHTHE -
MBI 6, = oL+ N /2) (6=t ) o AT 200/ 1+ h) = c(t—t ) FIAREOLTEXHL T4 PR 14 48 1 201
AL

¢ =o(l+ hXX/Z)ﬁzglnL'(l—%} (55)

XETYSTHH, BRI o(1-h, /2) KACE G MRS EA SR TTRR), T RAEYHTHH L
)(t=t)) - e 2nL/(1-h,) =c(t- y) FHEIOCEY BIF B 9 TR 50

B 4, = (1-h,, /2
A
h ) 20k oo () b
¢y—co(1— 5 Jc(l_hxx)_ —-2nk (1+ 5 J (56)




R

T2 LIGO E AL 5 /R b 5 O RS G IR T 51 77380 Inid B2 2 3 T B K AR L)
Ap=¢, -4, =—%~2nLhXX = —2|k,|nLh,. (57)

FoAT2 BT CATE 136 B 245 9 AR RS 1 S B v, T g (R % T T T Gl 1l ORI 0 -0 B O A3
FE(X S YT 5 P 196 A W SR [ (0 39058 7 2 O S5 AR T LIGO MRS (U BRAR . 49 T 55T MRS Ay X
4y, LHEI AR A 75 T OB F N Adyy -

) T R IA 2, MIBOGYR (Laser Source) 2 9 4 %% (Beam Splitter)ix BEiH 2SS (WL 1) TR
T 25 0 T B R MM B, SR = A AR LR —RE, BN IR SBCF AL IR ), FTLATT L
Rite HEERE— A, BT THORACEX, YT LR IR R, SATMEROE &, s
RAFRRE 21 | O )B4 5500, BT B BARIE o 2 A A, #E T 3 J0e s BE R,
IR B TR oy 2% X BERE 2K PSSR B IS (A1 AR R 1), XX, YT E AT &, AR IR BFE 2 SSre A4
(AR B S R ORI, R A S BILIGOT M MRS . (H i FIX BB SS AN, X AR 17y IH 7T
DLZIE A, 2600(39) 5(40), FkAiTH

Les = [ ‘((70) c[1+ h (t)]dt, L= i c[1+h, (t)]dt. (58)
-t ﬂy,%ut Ot~ Lt 510 559X Y RIT-25 8 1 IO MSOR IR R

a2, 1) 15 10 43349X '3Y$EE¥/$’%‘ W B’Jb‘iﬁ;‘ﬁ%ﬂlﬁﬁiﬁi%&ﬁ’]ﬂﬂ‘%o XTFRAEX, YT AR AHOL,
EATESSIX B B AR % B 2

o) =|KiC j‘* [ )]dt =k, |cfy (1+h ()Jdt (59)

Y WSS XBUHR AL T X Ak, T EA(B9) N AR A 1+ hxxz( ) E T 51 F7 BRI o A

I, S MARBEEIRISE . (LR 11T SB K Lag S N F AT BG4 km), WO fss) 15 655 TT A
Wi T

TG, DL R T B S R OF IR R ). (/8 —1RA9R, AITTRELT
T R M LT S ) P 3 L8 T4 T K P B (31 001 7 31 )
A, 0 TS BRI TR

Lo = (9, UL +9, L +2g, L), (60)
FIR I 18 O = -1+ Ny gy =-1+h =-1-h,, FHEIREKEN
L = UL+ UL —h, 'L —h LY = 2h, 'L (61)
TR R
6L, =—h, LU +h UL —2h, L. (62)

A7 Ha%lﬁ&i%ﬂ?ﬁﬂnxmﬁaﬁ“ﬁﬁzmaﬁzaz%%5(L*LX LU )=2U6L +2U8L . piiii
9(36), RAMAI, DI S(LUL +UL )% T 612, . MRS BATHEIREKIENHE L, 5K
BT W KENEER OL (K OL) (W51 3B JI W IrAiss, ISR BRI AR A [
%, AR RO ENTE R R — KA R . /#8125 M2 LT e, &8
SRS 51 B I (R, LU U VXA TR 1 BEA R T LT s, T AN AT 0 (12 51



R

TBAERTR, T B L, SWOCHRMEBK Ay, LA OB A, RIBEIIK FE 5 b5 v RO [l R A
BCA), JE AR AR 51 (51 ) A B A B AR (51 I DA R HAERI RTINS T, e
AT AR B AR ) o BT RIMEAERF S 51 0 “U” IR PTEs a0 M) i, (H5HEHY
FAMETIHALBLEX AT LAK(35)FE ).
HIT LR E: WO T BAK, , Kk, (75 -T,,K"U" TR F) R4S, ShED ks it i
AR P KRS, (ER BRI K A B EE] U (K A, :zn/(J_ngx |kx|))o it
S TWERHEKE L, W5 g, Sbr b IEI0nDO0 ks (R E F8AH A R #2 3)) o
5. 51733 ER5 N1 FE B A R K B AR U
SO BT TE 51 AU 1R R4 hi27), Dk’ /ds+ R, LUK =0 (nk* =mycU”, k' 7y
T YR ), BEhR A =0,
R, LUk =R’ ,L“U%°+R°, , L'UK* + R, L“U K’
+R°, LUK +R® | L“UYK",
(LBUXy)e HTAEEMRSMEKEDENRG="N0/2 5 Roy="Row="Nyo/2
Ruoyo = Ryoxo = ~Ngoo/2+ FREATITLIAINT R, LUK AT AZE, T LABORE T K 36 R 2 58151
T NI JEE R o
BUfabr A =x (B0 X ), &ATH
R*,,, LUK =R ,L'U%K® +R* LUK  +R* LUK
+ RXWL*‘U kY + RXWL"U kX,
(LIX,Y)e 2l x s FERBULSAE RS, LUK s 2 Ly, AR B R, LUK . i F
R%,0LUK® = (N g0 /2) LUK, R LUK = (hyy 60 /2) LUK® , i oy DK fds + R*, LUK =0, Ffi]
155

(63)

(64)

DK*/ds + (h,, o0 L' 2+ hy 0 L' /2)U°K° =0, (65)

SR F 11 % DK™ /ds P ¥ Levi-Civita 1:4% (Christoffel 745) S8 K" 0t (T- =21 148 5% DK™ /ds £
I SRk fds), HHREFUC =dx"/ds, #ii

dk™/AX° + (N 00 L'/2+ Ny 0 L/2)K° =0, (66)
RO RPN SR T IRy, FTLMEE]: oK' +(hyo /24, o L/2)k° =0, s
SK*[K® = =(h,, o L'f2+h, o LV/2). (67)

T AT K S T XA AR SKYK  hy, B (o,/c)h, =(2n/4)h, o hy, A
(@, /c)hy, =(2n/2, )0, (@, A3 ISR, A A5 J3Bel). FRIATA LAEE Sk* /K° f¥CR N
hoL* 2 551 L* (7, o e F ST _E 1) LIGO #REI M 5] /44 Jy 10~1000 Hz, 31 /3l A, 49 10° m
BRI A, T LIGO T K L, Ly 4 km (B 5 37 22905 (Livingston) Al 4 B 45T (Hanford) (K17 4~
LIGO), FiLh /2 5 UJA, AT Top2 JL. ki, ehisl gt 3 S50 ok/k® (5 Hobs K
IR T B LIGO 1M & v PAANH, (HAX T KZH ) LISA(Laser interference space antenna), H T
FHBK L, L ASKMREAM, AL 100 Hz f15] sk b, i a2 i 51 734 sk o S50 1
eI KA 7 T BB (A AR LISA I BIRMMEAII 51 13, 0 1 Hz LRSI, MABhA —EHES



R

JEIZRANL) o
A2 A O T S RN (LIGO) AN TS AHRS RIS, Hoh 28 — AR (T

W ARHER LA AE LA 253 . SOCAR R (Al LT e 22) ) T AR F ok, e ie ar AR . i
LRT 5 AR A FE AR A — AR SZX IR ER, R EN MR I IRIE T 28 =R T
B 32 1500 T BN 2L (8 51 38681 7153R), X IR R BT 51 1S S RN H b,
FESCHRA TSR ) LIGO TP A% o 28 USRS OGN A S 752000 S BB 46 ROsz (g 51 77381
Ji5iR), HAEHIE LIGO WL rh AN ZE, BRI 51 3 B . LIGO T3 K LA S 2
T RIPRE SR 0 58 TS R RO IS5 T8, R—ASCHE mi. — M LIGO SCHRIAHYE X MY 4l
T EHIHOC R B F—NEOCIR, SRS, TR ER SRR b, B S A
15, WS N IBOUIR 2 R AR R BIR S (BA TR 09 “ S5 FHE” ), ASCR 2 8t 07508
THRELTTIEL BT RHOTTRE) Y] 7 — i, U ERATHE TR0 39 T, LIGO AR
BAFAE “GIMTARRE” o R — KRS AP LIGO %t 72 ok 48k .

6. BMERSEETHESER LIGO 187

AR X 5 Y BT 3E NIBOGE S EAER A AN FE RS « WOGHE I 55 80 TP R AT 18
B —ANEE S RS Bk A, BEALG /RS LIGO T X 5 Y BHNHDETRATH, eAIfhER
PR AR . B — B K EIR, X 5 Y T8 ARG IR S F AR, X0 B AL w R LIGO
TF-HAERE B — N AU, AH SR HR AL AN SR IX AN O, BIARATT BV IA A 51 098 R BISR AN 22 52 OB A 2
NHIRATEAER, 51 DA = SEROU .

51973 00 0 (DA ) 9 O =—14Ny, g =—14hy =—1-h,, g, =h, , 3628
g% =-1-h,, g”=-1+h,, 9¥=-h, . FHHEIOETHL (o) =-g'kk, Gt jRzmEm).
AT X BT BRE0ET. SIBEN FRE: (o,/c) =(1+hy)kk, (@ Rl SfE
TR X BT EEETE, BT R 00 &N 1, WM A D X A O AR A AR A ER) o
TR 2 E K, R B S, T Kk, = (fc) s B @ TR R I R O iR
(unperturbed frequency), FTblw=|k[c. FERE: thARBALK, 25K Brel, X BFiEm otk r s
A BRI 3 30l N

ow, = whi, o, = a)[1+hi} (68)
2 2
FIE, I Y TSR R FAYGE: (o,/c) = (1-h,)kk, (@, B3 DEERT
WS Y MRS SO THE). BTk, I AZ I IR, Hkk, = (ofc) . FTL Y BT R
TR O B 4 3y

hXX hXX
o0, = —a)7, w, = a)(l—Tj. (69)
BT P T N DG A A FEAH S5 B0 G2 S5 A0 T) , FRATTR 75 20 FE 55 A0 T 2518 T R i T84
fr: ARIETUHIE, BPOGH HRIAIEE 5 H 8
E,=Acos(k,-r-mt+6,), E,=Acos(k, r—awt+5,). (70)
AT GRS RN
| =((E,+E,)(E, +E,))=(E,E,) +(E,E, ) + 2(EE,), (71)



R

Horp Az X
:(1/2)A1A2[cos((k1+kz)-r—(a)l+co2)t+(51+§2))+cos((k1—k2) ~(@,— @)t +(8,-6,) )] (72)

TR T, (EE) 5 (E,E,) B I 2 50 500 A2J2 55 AZJ2 s Ok T 50 e A6
cos((k, +Kk,)-r (wl+w2)t+(51+52))ﬁHTIEUJ?i’JjJ$ i - 98 4 5
cos((k, —k,)- T = (@~ @, )t+(5,-8,)) » W @ A4S T @, , WS BLNELTE T 440 18RI @ )
RRefe T o, , THRATHE 02, AR TR cos((k —K,) -1 — (0 - 0,)t+(8, - 5,)) 2 2 i
L UL EREEIOE TG, EERIRL (0 — o)t BVATCERY “SSATARG” . RIS )
WATTERTH “SIATHIRL”

RAVE A AAS]: ESIAETER, X, Y TH B LIRS EMRL, S0153] sk f
FOBAHALL, SAEET 0o, =Ny /2, 6o, =-oh, /2. HEFHTHLE Ay = [ (0, -0, )dt .
fhy =hy () o W Ay TEAI MBS, BFOATH PO X, Y THE_LFTSER R,
EAVNEOEH &, R A2 . () Blikar s, BRI S TRIOKERS, A
240 ¢ [ 505 SR MT . 0 BB, ST A Adh ey H0FA ST LS g

t t e t 1) t
A = (_Io wxdt) - (_Io a;ydt) - [_ o Odt- J‘t(xo) w"dtJ B (_J‘oy o,dt - It§°) wydtj' (73)

EE: 0 RAET o(l+h,/2), B o, 7E X i SS B(ABOLIE S BER 4 S )5 T
o(1+h,/2), 1£Y HFBE LT o(1-h,/2). BTEL, BEOEIEIGART S EARE Ay 5T

Apearc = _(J:XO) o,dt + -[tio) a)xdt] + (on o,dt + J.t(yo) a)ydtj

tS(O) hXX t hXX
:—[L a{i+7;]M+L@a{l+7;jmj (74)

iy hxx t hxx
+(I0y a)(l+7jdt+.[t§’0) CD( —7jdtj
BB LIS N

(0) (0)
A¢Weak=D:(yo)a{ —%}dt— j:(xo)w(u%)dt}[ﬁv w(l+%)dt_ [ w(1+%jdt}, (75)

SR T ATHE SRR o) - )—%w(ﬁo)hxxdu J':(O)hxxdt), 55 I A S )
F ot -t (N, /2 SRS BT, Wk b#OCHERE B S B SR T LIGO A
1 t t
Ay = —Ea)( j&,) h,dt + L(;» hxxdt). (76)

IAEFRAT AT HE 2L
5] ﬁ‘bﬁ?ﬁﬂ?&ﬁ%ﬁlﬂ’] LIGO E RN /R AN RS Adyge 55 HHBOE I G50 -1k 2 B AR S
A¢weak ﬁ%”j\j

1 t t
A¢tidal = w(tgl(J) - t>(<0)) + Ea)(LS(O) hxxdt + J.tgo) hxxdt)v (77)

Ao = {_w(tg‘» -t)- %a)(.[:(o) hdt+ o hxxdt)} +o(t? -1). (78)
X y



R

WA ENZIH
A¢total = A¢tidal + A¢Weak = w<t§/0) - t)(<0)) (79)
i — SRR T Adyg » B R Ay 10— XA LUSIEW R TR, 2nL = jtt(o) c(1+h,,)dt
FianL = [ c(1-hy )dt » FATHA [0 (1+hy )dt = [ (1=, )dt» FREAEE AP EERRR

g o]
et B A¢tidal (‘Eﬂi&*ﬁ %577)5 A¢weak (55 *H:H‘H%Z)Eﬁ} SEARSE, #ON

1
A¢tidal = A¢Weak = Ew(t§/0) - t)(<0) ) (81)

RAEN LA Ay = ot —t). S RAIHE ML,
7. ¥ LIGO FiSHBHNEMHSEETHE

BATHE 5] A1 B LIGO TS MIRLIIRE 3. FoAT1 e Mt i (% 51 0 e Kozt e Kk T- WOk T
VK E), SR JE AT R B R (BB 5] T — T VU ) o 24 SR 33K T 75 T L SR 58 4 45 S
H AR GW150914 £ GW151226 5| 773 i (5 HBR - 458 7] £ 40 i 51 ot b 5 [ (% & 22 S M AN A2 i i )
HUA ) LIGO 4 TR TR, (BN TR TR, FEBOCE THE EARKEBR S LE K E X%
B, BIRGIRBORZE, IS4 L B A Kt 2t LIGO A 8 F W B KR, e e Bt o3 X T
G34b, BB A I A 51 3 (R MR AN )45 2 5 o 86K T 484 K ) (Blanchet 41 % ),
FFLA S| J73 A I 8 o (ER I T SR TR T B AT B, 28 /0 B B LR ) 2 3L

BATCLAFBN T i 51 S35 P 5 KB AL B (36), B S5 R X R
AR O = & =—(12)h, L, SU =& =(Y2)h, U . v, SERATRAMCE L kr-ot (Kt
TEMZER). TR X T R -k oL = (1/2)h kL =-(1/2)h,ol/c (FHrh o RT3 J1dk
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Figure 2. Comparison between LIGO gravitational wave frequency (df /dt- f ) relation and Blanchet frequency equation

(df /dt = Af™*). Small circles represent the data of GW150914 gravitational wave signal frequencies and the red solid line is
a fitting line of GW150914 frequency data. Dotted dash line stands for the Blanchet theoretical frequency equation
(df /dt = Af™*). It can be found that the GW150914 fitting line can be identified as an approximate straight line. GW150914
gravitational wave signal frequency data used for line fitting is extracted from Refs. [8] [16]
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