MR
ENRSMPMER

Application of Relativity in Modern Navigation

-
glt! National Defense Industry Press



AR EARSAFRIAR

Application of Relativity in Modern Navigation

TR HF
HAEIF TR

G S

- JbxT -



B H7ERR S B ( CIP) 47

BT AL MR 7 SR, —dtat: [
Bl Tl it i, 2007 4
ISBN 978 —7 — 118 - 04973 -2

DA I #ee I ARKHE - RO - TR SA V.
TN967. 1

o A B AT CIP Bodi 4% 7 (2007 ) 25 012577 %5

[ A Y &
(lbst g g X S b ma i 23 5 HREZR S 100044 )
[ B Tall: R R B AR) Ef Y
B s
FFA 850 x 1168 1/32 ERK 744 P75 T
2007 4E 4 551 RRES 1 KEDR]  ED%E1—2000 it REMF 32.00 o

(AEBMAHEPEHEIR, RE AR AR
[ B 15 : (010)68428422 KATHE : (010)68414474

RATELL: (010)68411535 %iih 4. (010)68472764



B &

7 i E B 5 S B & % Bh Al

1] BB P 45 R A R [ B R B ol ) — N B DT T . G
75 1A 1 B R P 5 B 2 ) Bl kB AR B — o, SR I Bl R K
FIEEARER . O TIEE E AR AR A R R KR,
JinsE At 2 E Y FSCHT RO MO B, BE SR B R A R
[E] Bl RE U0 75 S ) R, SR B Bk 2% T 1988 4F-40) B 474k
3K, VL E BRI B R, RO R R 2 PR HE
Wi B R S

EpFE A HREE RN RE

L. fEEBRERARGUR S, EAR KT, AEA I, e 5
SR S AL ) RERE AL B B P s 7 TR BOREIE T A S
MR IR E R

2. AR BARHE, WA R LR, X E B R A K
JE A B S I % 3 U045 & [ B BRAC AL AN KA 3 4 B
RUTEREFEARNTNLE

3. B HERRERTRAA BT RNE, Y1456 B P8
AR 2R e S AL B E I L RN E L& .

4. Hab B AR E R U s I RAZE 0 AR
FRFILGARHORHEE A

] B I 5 o R VP 2 A AR SR A R T TR
TAE, T 5T 2 R (6 P iy 1), o 52 B A P S B AL,
7 B 4 S SR R 9 B4 A, DA R RE H T ERIBUH B B . 0
W4T YR BN P A5, R SR A 0 Bl et AL B 3 R

B[R E AAREZY M EE WS i =Rl % R E] g SR AR S
B CEREL X S AR, R A R R . fERCE

I



TFBRBTERT | R E R R L2 A7 e 4, BRFF B R4
B4S, iE— TR A BRI R SR 2 Hon (2 £ 1) B L4 P
5 H i B A 7 R e 14 A SR

BESLH RS R — R R AL ), X AR AR A — B
DRI, PP AR T AR BN BT R DA B 55 R 2 bl 5 i | SR
A REE A BRI EE G R B RIORRE. WFH TR EHEEpAHY
MRAR R SR BN AR L E L5 B, U S &R
R BB S fr o

ERATEE R FoRk, M E B B Bt R S i e W]
A3

B Pr R B i E &
BRCEIAES



ERSEE S HRES

FHETFHEZERSEABR AR

FREZER

BEFEZER 2 M

M OB K

B R B K

£ R HX & MER

(Heth 4 L EHFF) $HE i
KLRE KAT
RRA  1EEH
#ie MHRRE



][l

Hil

o E R R AR D2 % DG A e 2 & 2005 ——H BR )
FUAE” B9 — 5 Bh TR R e Y, 2 BT A R B L SR——) X
FRXT U A SR A 7 A AR 3 v — N BN FH A A B 58 1 T
GPS %5 TR S RGE , X Bl W FHBFFE % 5 | iR 3R E B TAE# 11
M

AR S S, QSR DB SCAR X8 I N LA T2 (05 , ) SRR
WX FIRATE A= FA NG W BB AR IR R, R F i %%
FINI SOOI 25 Rk 0 95 A0RAG 2 T SEBR AR FH o 3SR R 2 R 0
) SRS AN AU 748 51 7 B8 2 2 gt e A ] 7y [ 8,
10 X AE TRl & R A ML T A SRBLG A, PR o IR %)
MR T YA, B8 T ER LS. TR A
FEFAETG IEAT S BIAR & R A, — S O R AT B )
SRS o IE Rt , % T HEAE 1915 4EEr () LA
WELHIEAFED L, 25U18 R BER2ER WU TE 3 153 3
N, VF 22 AR E A PR R — 26 i 45 R T EL .

SR, £ GPS R 17y GLONASS /KM 1y Galileo %1 1
KEREM " MR EM REE RV TR TN TR E &
AT -BAR . e R RS | Sy TR BB YR
SRR ) Sfe B R B2 CHIL 8 157 1 0 33 B 25 5 5, AN AN 0 SR
WMH S XM S fFEE BHNKR, LIARERELLT 3 4
VLR

55—, GPS [ S A ) 7t JrUHR 1 2 e 1 2% PR 3T ) O AN AR
PR BTG TR A TR i sieR A ], i e & S B E BT
B AL TG B N e PT LA, B4 63 AL Pl B A

Vi



GPS, A AN AR X A M) L 7 1, (HFATT A Hh X 2600
MATAEBE, WRARRIAARF AR . 5 SRR fAREK
B R R E R A — i, ) e RO B E] GPS £ LA
ARG ERERE . BIan) SCHEXFE R 5| M BhBie 2 T
SRS LR HER (B A [ 25, O 7 ARUE I 20K BE, 7E GPS 5
AR AR XS TR AN HE TLR B AR T R X SEAH RS IR AN
AT R BE R ZE T GPS (052 M W26 %f AN RE 2 W 19 o 785 JU ) 4
AR 92 L RUA HER , 50 A9 AT 20 B AR , i 2 S SEAEFE Y
S W= WIS AT BERAR , GPS ¥ K BIHLEK S | 1 7S il
28 S5 AR AR AR AR R) A =S [ 48 O 1 AR T AR LR
S| 215 B9IE Bl AR 1] A RS 0 e S ) e, X 4 TE AR
VeI 28 FEEAR D () JE A [ B, AR RS E 00 i e % GPS Sk
fEiE—H IR ATET , & GPS WF 97 s i) — A~ B R A,

TSRS — AR XSSO X TR S AR 48 Y 5 AN i K
BUAEIEAE W ] o B K AR S A—X B2k o 22 A AR S
( XNAV) JUJ 52 4= 2 37 A A X 18 LAl X — b S0 Se ik (9 4 W1
XNAV il i W f5 XS4 fk i B2 i Sk ok v 14 458 o TSI 22 40
PLZS B E . W TOLE R R AR F g, 2 KPR Y 2
T S [R5 st , PR 1 AR XTI SO0 A T 2, FAT]
IAERRTIERESR A XNAV (1817 BEAT ST AL 28

71 —J7 T, GPS Fl XNAV B AL TR ) ARXS e 4
T AN hr g T RS RS . BB Ik, ) SCHXSR I A
DA, B B E RN PR R ETBIE,
GPS I XNAV # K 3| Z2 5 AR I RN, Bl BB i 20 = 84
RS BE A9 32 5, T ARG R A e X SE R . ] AN GPS B ik
Sagnac RN , MLR X AHRNE BB M SO RF . ea] KASE, BUUSALT
PR RA B A — DR ERE, WHRE KBS IR R IR T —
4318

W EIRZITE AR, INZIKE KT GPS il XNAV A1
BRIV SR D A TEA KX O T e %

Vi



BT [ N EIAR S SCHR (LS BRI ) , FF BEAAE & 1) —Se B 5
B RAY ., HLHFRREMEE S E, W REARN TR 7
L RE O AR GEATR TR 8 I — LEBORE, LUTS AR X A1 T2 Ul
B AE PSSR AR E R E R ARAGRG . PRSI
FAT I KA 72 OB SR K X AL Se A= A, s AR X i 1E T A2
FEA L B9 REHITT 1h B TAEADCE R T4 e TR, 4y A T4
A S, IEAHXHE B O R TAEF MBFTE T R

A 6 TRy . B ST R A AR
Ve R AR i 23 B9 M R, 51 355 DU 4fE i S 45 0 A 5| 0 B B S
B BRI AL 5 51 1 S ] | 23 () A A e s o 385 5
b i s s A R DG R SCHIXE RO B A48 1 T X
FAXF IR G A L AR T 1 e HIEAZS B . XS N HRAE GPS Al
XNAV ZZ 3T AU LR PR3 7 BN, BIER UM I TE
T E A AR BN, AV ARG B 1, e 2 55 il e 2
(187 s ) 1253 i) AR s B M 3 5

B3 T ~ 5 S FAHAHX IS EIE S GPS il [ R, 4y
15 GPS MEEA GRS A AR VERI 5 5 — i Ja 44 0 B2 KL 7 L
Z HUBR R T I R S5 3 FARER R P R0 s GPS ARUERT 55 304
A AL 1] R ARARIN YOG R 5 TR Iz sl Bd F TR B AR IR B 1E
GPS Oh il i 75 A O BIAR 77 #2 A0 Doppler 180l 3 /7 255 3
JIREARNIE RS . BN 1 RSN 3R ) — BT 5 T F A7
BRAIN R 7 AR, B R A L AE VY M A A B A b A AR X T
i, BARBCA FESCPR Y GPS PG 3 Sty , (HAE I E =W 7.
X WA WRE A T AL TR SRR,

56 TN SCHXTE I B G A I AU BRS04 XNAV ()
AARGFH, GH TZRAENEEEN R R X-MorHNES
2.4 795 ~2.6 WM, W R BB R AL KT, A5G0 XNAY
(e AT ARk X e By, 5380, RO A4S EZ LAY 8 53
MU R, BrExE T LREOR b2 088 AR i i A
ABUR I LR L, B v AS B KW ELE.

VI



FEABRBSE IR P, 48 7 ER R DA Bt P E
RS TR e B Y R Ne P URTR - S a8 alir: € e o i
BRI ORISR, B RBP4 R PR T TR 4
T VRZ S B R LA, TR A [R) S PN B R B | R
FISEAE g A 2R A - A B A AT T B 55 3, fE IR IR
R X T R TR A B e 1K SRR AR B i B K X1 1 2 3
FRRH IR X AERIR S 28 T B — UG, R IR RS

A AR X8 7 T8 R0 28 2k, I =2 A1 i) K F F g
JIFTRR, A3 T REAFAE — S A BT R B

W E A
2006 4 12 A



EELE P NAARTER coooveeeroereenemeeeeeee e |
1.1 T AR B BEAS B cvveevenensnne e 1
111 A48 AR EE A vevveeereemmmemseeeresneene e 1
11,2 XATRHEE B T oovererersnessouosernnisssssessessumessssansses 3
1.1.3  ZEHT IR oo 5
1. 1.4 B] 1 JUAT AL cveverensensermsssssssnunernssssossasuncanessssssnsensas 7
1.2 Bl SRS oo 9
1.2.1 M 2 B VT2 (R B 28 vevemmnremmmnemnnmnnnnnaennrnneeneeneneans 9
1.2.2 JeBHE RS ST PE -veeeeeereremmneenienseen 12
1.2.3 Bl AR —FHEE v 15
1.3 BRXFREKBISI AL -, 17
1.3.1 i@ﬁ[iﬂ%ﬁﬁ ................................................ 17
1.3.2 S ETEIBR AU L coreerrrrmmrrmnr 20
1.3.3  FARFEHBETITAL covvrerrmrermerernenes 22
1.3.4 S FHRHEMALITE oo 23
1.4 5] HEHR]FIZS[R] oo 24
1.4.1 BBEBRZFBEEEBEEBRE o, 24
1.4.2 A AR B [E] Fo B A B[] ceeerreemeremmenneen 25
1.4.3 EFHRBR EFFER coorvorsrsvmsmmrsmsossssssavesssvasossss 29
1.4.4 MAFKEREAHLE -ooovveerremmemmmmi, 31
1.4.5 Bl A B BRI coveereoserermremeressnisneas 33
1.5 B SR ERE 35
1.5.1 BB EHAWIERFRA e 35
1.5.2 VOBt EEEWME -ovrererrrmmmr 38
1.5.3 B HFdthBf 28 ceeeeeeneee e 39



1.5.4 HAEBMH S BRLEREB wrerorrerrneeriineenns 42

oW VIS B oo e sronsyersssmacssrsse 45
2.1 BIHGHBGEHTRR oeveerrernens R 45
2.1.1 MBI A cocvrcrestmsnocsonsmenrommmionsrasnsessnannaneons 45
%12 EEh SRR s oress comvmnmmmnsrnnmresssnas vasnave sen 47
2.1.3 P RBEHPHRFEFTE oo ST G e 48
2.1.4 FRTEBFHEHPI F -ooerermmmmmrenini., 50
2.2 HIERIBEARET B FII R ELZE o cveevveeenrersneeree e 52
221 S EHVEHEFB LB ooeeeereermmmmmmnmmmenmenriinaaanans 52
222 FEBEEHIHEETH  ooeeerrrerenneenini, 53
2,23 ABEHNEFTREIL LB vvreenenerremreenareens 55
2.2.4 HEBEMFEIET] AEE oo, 57
2.3 FEIRMEBI HFNBLEEIIAID ooooveeervessmmsnssmmssesssain simsen 60
2.3.1 HEBE A EA coveevrrmrrrrrrrrrie e 60
2.3.2 RHAMIAFSEFEBHB oooevrrorroemimnirninniinna 63
2.3.3 BlARSEHFHB W THERAR e 66
2.4 %[j}%ﬂ(}}é#ﬂﬁﬁ‘ij&{u ..................... R R AN S 67
2.4.1 KHHEBWIERL emveverrromssrmasonrscrrmmmmsensisssesanses 67
2.4.2 FHEBIGFAL ceveerrrieim 69
2.4.3 AU HTAZMM oovvrrrerrrrreniriii 71
2.5 JGHEWERED| SgEg oo 73
2.5.1 BABHFWEEGEL «ooooerrrrmerrroerenmmminniinnnnn 74
2.5.2 %5?]}]%9"]%%% .......................................... 74
2.5.3 ﬁég]ﬁ%g@%ﬁ% .......................................... 75
2.5.4 HHRHBEMATE DSXAKZ --oeereereerrrrmmnnianeeennniann 78
2.6 JSHUIIB B TTFR «oeveceroenrvmmmmsiiiiiiiiiic s 80
2.6.1 }ﬁ,ﬁé’j}é%‘—iﬁ:’éz}bfﬁ ....................................... 80
2.6.2 HFHEHBIER T creeeeererrerrmmniiiaaenieeniiieeen, 82
E3E  GPS FEYRFEIFOZSIE] cooovvoomveeommeeemmeeineeeieeeeiee e 85
3.1 CPSHIRBEPIRMEIH «ooocornsssassmsonsmmmmssmpinmsarsenss 85
3.1.1 GPSHEIE ceecevrrrrrremmeiniiniiiien e 85
3.1.2 GPS M BEIE L B R eevvereereeerrnrmenneearennennns 88



Rk L by 4R —————— 92

3.2 GPS (ZS[a] I [ AR FR ZRGE --ovvevvemmmrmemmerrmmnneeneeieinns 94
3.2.1 GPSIYREBARE  coreveersorsnenersrmsssersmsssnesssisnee 95
3.2.2 GPS BB [E] AR B G coveverrmrenmeeenrnee e 97

3.3 HBERSI SIBGIOEERL oo 99
30301 HO BB L oo 99
3.3.2 iﬂf*/%é‘]}iﬂ ................................................... 100
3.3.3  HiZR A B9 Sagnac BLEL  ceeeereeeseeneensne 102
3.3.4 G%ﬁ?&ﬁ%hﬁ/ﬁé}éﬁﬂi‘ .................................... 104

3.4 jﬂﬁ%ﬂleelsonEﬂ ............................................. 107
3.4.1 T B Aty Nelson EHL  creeeerermeneenmmnnniinn, 108
3.4.2 3]j]%¢'9*]Ne]sonfE%ﬂ ................................. 111
3.4.3 GPSARHEH 5 H T 2 B AR B crreerrrrememn 113

$4E DEEHHRRARTHEHE oo "

4.1 TEBHEIBIAIZEFTFR covrvererrerrnnineninenies 117
4.1.1 T EHRFEFBAFERE e 117
4.1.2 T EHBEAERIEL corereereersrmmerenesinm 121
4.1.3 GPS T EG o RAMIME - ovovevrrermriin 123

4.2 DREEEEAHIIEBIE oo 125
4.2.1 S EEBHRET T oo 125
4.2.2 FETH T BB F AL e 126

4.3 TRBFAHITIEIBIE oo 129
4.3.1 T E4 L GPSAREAPEF  crrrrrrrrermmen 129
4.3.2 T EHNBEZH FE AW E 132
4.3.3 X FIEAMADAZ NI ceererer 135

H5E GPSTBHBAAEITIREEIL e 139

5.1 GPS MASEHEE FTHR oo, 139
5.1.1 GPSAFHR GBI A B coooerereermmemrmi, 139
5.1.2 T EEHEWUHEAAIBEZE oo 141
5.1.3 AAREFEREA KR o 143

5.2 GPSHARTHBE R ooovrmrrmmmmmrreme e 147
5.2.1 KW EBIA LR E AR M cervrrer e 147

X1



5.2.2 B A EBBEBET A e 148

5.2.3 GPS JAE A FE F AL oovvvmmrrmmeemr i 149

5.3 ZEBIHEIUEFTFR oo 153
5.3.1 BEE BN BT oo 153

5.3.2 B A BB BRI oeveenreennenneenneeane et seieans 155

5.3.3 GCPS ZEHHHMEHFAE oo 156

5.4 BFBHRZERMIE TR -coreeermrermmmnccsmmimnoncmoncenes 159
5.4.1 BEBEMEZM Rovelli BARIE  --ovvvvrereremminiieians 159

5.4.2 3t4F Rovelli BARZR +oveeerrermrrirrrnsermietiinesiieniin, 163

5.4.3 HEFEREH GPSHBEF A o ovoveremreniraniiinnn 166
FOE XHERGEBETEHET oo 172
6.1 XNAV(X BRI [ S0 HER ovveeeeeeeeeinnes 172
6.1.1 MTEEBHE| TR G vrerreeerrrerrrrersnessrnssreaniisenns 172

6.1.2 X B &K BB AR e, 174

6.1.3 X ST& Bk BBy RLF BT B «ovvvemerrmn, 176

6.2 XNAV AT E R .o ccomeeevsnimienmimnn. 177
6.2.1 JE 4 £ F1 Roamer ZELE  coevvrvrmvrememiieeii, 177

6.2.2 ﬁﬁﬂ-ﬁéﬁ;@% ............................................. 179

6.2.3 X HEHEIBRE FAR ororeeermm 181

6.3 XNAV BT RIFNZSR] cooeeereererrerserrrenenreninniinniiienen 184
6.3.1 KMHEOCEHEHAG A 185

6.3.2 FEAKS IPN QA FREE  crovreeereri, 188

6.3.3 FEIAB 5 2PN Tl B ARBE  creoreerrremenreeeans 190

6.3.4 MBI A EAH O R FHALE oo 191

6.4 XNAV B FRAFHITBBIE oo 192
6.4.1 1PN EH THHET dAE] HEHEE - oormmneeneennn 192

6.4.2 2PN FEH BB HEELE «ooveeeremrrererrnniimeiiiiieiinen 194

6.4.3 XNAV R ERE FTE oo, 197

MR BFEMBIEIR o 201
BEIME oo 203



Contents

Chapter 1 The Foundation of General Relativity ------------.... 1
1.1 Basis Principle of General Relativity ----oomeviiemeiiiinn.t. 1
1.1.1 Newton’s Gravitational Theory and Its Crisis ~ =esveeeeeeeens 1
1.1.2 Principle of General Relativity —«««er-eeeesemeesommiiinniiiins 3
1.1.3 Einstein’ s Equivalence Principle «oreeoeeemeemii. 5
1.1.4 Geometrization of Gravitation «rs««eesesersesenemsmnenremeneensas 7
1.2 Gravitation and Curving Spacetime ««««eeveeriiiinniiiin. 9
1.2.1 4 - Dimension Pseudo — Euclidean Spacetime

in Inertial System  «+reererereresrnininininiini e 9
1.2.2  Non - Euclidean Geometry in Non — inertial System --------- 12
1.2.3  Denotation of Gravitational Field Metric Tensor ~ -+---- 15

1.3  Gravitational Field around Spherically Symmetric
Body ceereeriiimi 17
1.3.1 Einstein’ s Equation of Gravitational Field ---ecoveeeverniens 17
1.3.2 Schwarzschild Metric and Newtonian Approximation — ------ 20
1.3.3 Newtonian Approximate Kerr Metric «receeeeeireriiininiiiin, 22
1.3.4 About Linearization to Equation of Gravitational Field ------ 23
1.4 The Time and Space in Gravitational Field ------voooooeees 24
1.4.1 Local Inertial System and Local Inertia System at Rest -+ 24
1.4.2 Coordinate Time and Proper Time = «--rerereeeeeemnenans 25
1.4.3 Experiment of Atomic Clock Flying round Earth =~ «-eeeee 29
1.4.4 Coordinate Length and Proper Length ---e-evoeoeereneeinans 31
1.4.5 Invariance of Light Speed in Gravitational Field ------------ 33
1.5 Relativistic Measurement Theory of Time and Space --- 35
1.5.1 Orthogonal Frame in Local Inertial System ce«ecereeereeees 35



1.5.2 4D - vector and Observable Value — --=-roeeveererniniennnins 38
1.5.3 Measurement of Time and Space in Gravitational

Field <evceeemeneemmmmnreneunaeaen e e et e et e e e ea e 39
1.5.4 Measurement of Light Propagation and

Invariance of Light Speed «e«+eeereeeerereiiiniiiinniun. 42
Chapter 2 The Application of General Relativity -.............. 45
2.1 Equation of Motion in Gravitational Field —«:-eeeeieneininns 45
2.1.1 Equation of Geodesic Line  «+--«+-sssseeeeeersisssiuinieiiinn. 45
2.1.2 Newton Approximation of Equation of Motion «x=rereeseeees 47
2.1.3  Equation of Orbit on Schwarzschild Metric  ------cevneneeeee 48
2.1.4 Equation of Orbit on Approximate Schwarzschild
MELEIC  cveeererememcnemaenenanenacannenannencnanennennnenenneeenons 50
2.2 Gravitational Deflection and Time Delay of Light --------. 52
2.2.1 Deflection of Light on Schwarzschild Metric «+:«eceeeeeeenens 52
2.2.2 Deflection of Light on Approximate Schwarzschild
Melric  ssssssssssaios senmess sossaummusssiassscosssasinssans siuass 53
2.2.3 Deflection of Light in Newton Mechanics and Testify ------ 55
2.2.4 Time Delay of Light in Gravitational Field e+-creeeeeeeeees 57
2.3  Gravitational Shift and Doppler Shift of Light «--evoevvvvenes 60
2.3.1 Gravitational Shift of Light «eeeeeereeerreseermimmnniieniien. 60
2.3.2 Doppler Shift of Light in Gravitational Field ««ovceeeeeeeeen. 63
2.3.3 Strict Expression of Gravitational and Doppler Shift «=«+----- 66
2.4 Post — Newtonian Approximation Theory of
General Relativity «eeeeeeremim 67
2.4.1 Post — Newtonian Approximation of Metric — --=s-erereeereeess 67
2.4.2 Post — Newtonian Field Equation «eeserererermemeieiia.. 69
2.4.3 Solution of Post — Newtonian Field Equation ~ ----+eveeeeeees 71
2.5 Post — Newtonian Approximation of Stationary
Gravitational Field cccoovvmom e 73
2.5.1 Post — Newtonian Metric of Stationary Gravitational
FHEld  weeveermmmenenmemen et e ea e e e et e e e e aaaan 74
2.5.2 Scalar Potential of Stationary Gravitational Field «+eeceeeee. 74



2.5.3 Vector Potential of Stationary Gravitational Field +«-----e--- 75

2.5.4 Linearization of Field Equation and DSX System -----c-e---- 78
2.6 Post — Newtonian Motion Equation -« coveeeremmnmennnn. 80
2.6.1 Post — Newtonian Equation of Particle’ s Motion «+--=+veeeet 80
2.6.2 Post — Newtonian Equation of Photon’s Motion =~ -+=+=+eeve- 82

Chapter 3 Time and Space in Global Positioning

System (GPS) «oocovvrirmriii 85
3.1 Basis Measurement Principle of GPS «+oovvvvveiiriinenninenns 85
B 1l Tntodetion 1o (GPS) - ss-siri vesnsvs wasvis sveins ieesoasissososs 85
3.1.2 Basis Principle of GPS and Invariance of
Light Speed «oeeeeeeessimmmnmmimiiininiiinieas 88
3.1.3 Relativistic Effects in GPS  «+eescerrrnrerrmnmrmareerassaenan. 92
3.2 Space and Time Reference Systems in GPS  ---ooovevvveees 94
3.2.1 Space Coordinate systems in GPS «eeeremeriemeniiiiiiiinen, 95
3.2.9 "Time Coordifiate it G  +»svrwrenmrnsss sessssnssvangssss RECE 97
3.3 Metric Tensor of Gravitational Field around Earth  -----. 99
3.3.1 Metric Tensor in Geocentric Reference System «:«xxxxeeeeeee + 99
3.3.2 Metric Tensor in World Geodetic System — ===+exeeeeeeeeeees 100
3.3.3 Sagnac Effect in World Geodetic System — +reecemreeecneees 102
3.3.4 GPST and Coordinate Time in GCS  «+veveererereeniernnenes 104
3.4 Nelson’s Metric in Ground — based Earth — fixed
System .................................................................. 107
3.4.1 Nelson’s Metric without Gravitation «+reeeersereesrseaeees 108
3.4.2 Nelson’ s Metric in Gravitational Field :ceecocevneeseneeen 111
3.4.3 GPST and Coordinate Time in GES ~ «+-r-neremmmmreereeenns 113
Chapter 4 Equation of Satellite’ s Motion and
Relativistic Difference of Clock .-------ooooooeeeeeeen 117
4.1 Classical Equation of Satellite’ s Motion =~ -------ooooeeeeee 117
4.1.1 Equation of Satellite’ s Orbit and Law of
CONSEIVALION  +++ v+ ereeereeneennmmnemnnsmsersersresarsaenaesns 117
4.1.2 Satellite’ s Position and Velocity at each time =~ ++=es-e2-e 121
4.1.3 Measurement of Satellite’ s Moving State ~ «--ececerereeesees 123



