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0 0 1 —sinf 0 cosf 0 0 1

cos¢pcosfcosty) —singsiny  —sin@gcosy — cospcosfsiny  cos@sind
=(e1,ez2,e3) | singcosfcosy + cosgsiny  cospcost) —singcosfsiny  singsind | .(50)
—sinfcos sinfsin cosf
N, 2O/ —FOFHTHEZLA(2) TH L, THUIRMEATIIE S S (30) &
(38) ZMi7z L TWB I EICHEEL LY,

2.8, FRIEEREED> & H B FEE A D 25 {1

BORZIRL TV S 2O Y OWEZE 2 5 L, [FERH 0 = 23743929 TH 516,
TLDEEIRR T P V% ey ey, e,, T BRHIERT P Lz el el,e, £ T5 L,

x: €y, €y
1 0 0 1 0 0

(e).ey.e,)=(ex.ey,e,)| 0 cosf —sinf |=(exey,e,)| 0 091748 —0.39778 |.(51)
0 sinf cos# 0 039778 0.91748
1 0 0

(ex,ey,e,) = (e}, €},e,) | 0 0.91748 0.39778 |. (52)

0 —0.39778 0.91748

LT, REEETOHFINY F LD 3B % (1,y,2), EEHEBICORS % (/,y, ) & L1 &
E.(32) kD,

o 1 0 0 T
y =10 091748 0.39778 Yy (53)
z 0 —0.39778 0.91748 z

15 FEMRIZHEEI 7223, mathematica Z 2 IF—WFTEHE L TN d, Ll H2BEEIATOFZEH»T I L
EHZTEOWRIE) DR,
16 EfE R B DD 5 20> 7D 7203, HEASARC @ coco TR ZDIHZ -T2 DT, I 2 TEZ Uit
NP Tl B
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D3, RIBEHERED S WBEEE~ND L2525, 5 XR=YOHlzEZTHL), K
6. ARAE DY (281°000, —4°070) D & EF., (b)) THA LGNS, ZDHEXNT FviL,
(0.19033, —0.97915, —0.0709752) & 7% %, (53) X b, WBEEEICE T B R 7 b Lk,
(0.19033,—0.92658,0.32437) £ % %, (9) &Mk L T,

—0.92658
-1 ( —Y.94098 _ . _ ]
( 0.19033 > 7823923 = 281°608.
ta —1 032437 _ 180927
v/ —0.926582 + 0.190332

ok T, HEE ®HEEIEo N,
2.4, IREPERED & SRR A D 2

SRR D D AREE, ARFEIE (266°40500,—28°93617) 72226, 2 BHDJH D @ ¢ = 266°40500,
S5 ICIERED y' WD D D 0 =28°93617 DR T, o WL EHET 2 L3O 575
Jo Ll ZRETTREGIHOMEE SR E > TRV, & 510" #iDR ) Ty = 58259866
I L O, IEL < SHTEEIRSER S NG 2 LD o TS (M3), SMEERROL
BRY P VEZRY 220 ETEDT L, (19) #BEICLC,

cosp —sing 0 cosf 0 siné 1 0 0
(e e}, e))=(ex,ey,e,)| sing cos¢ 0 0 1 0 0 costY —siny
0 0 1 —sinf 0 cos# 0 sinYy cosv
WEHIAT D X )12k 5,
1 0 0 cosf 0 —sinf cos¢ sing 0
(ex,ey,e,)=(ey el ,e))| 0 cosyp sing 0o 1 0 —sing cos¢ 0
0 —siny costy sinf 0 cosf 0 0 1

—0.0548755 —0.873437 —0.483835
=(e),ef e)) | 049411  —0.44483  0.746982 |. (56)
—0.867666 —0.198076  0.455984
Lo T, FEEETDHANT bADIRITZ (2,y,2), WIEERT ORI Z (27,9, 2") & L
&, (32) &0,

2" —0.0548755 —0.873437 —0.483835 x
y" | =] 049411  —0.44483  0.746982 y (57)
2" —0.867666 —0.198076 0.455984 z

3, JREPERED & SRR OB 7Y % 5.2 5, 20, — PO TH 2%, X (1) Th %,
AR, RFEDY (2812000, —4°070) D & ZDIFIAIR T F )b, (0.19033,—0.97915,—0.0709752)
Z TR L, SIHEEELC B 25X 7 R vk, (0.879122,0.476581,—0.00355986) & 72 %,

N (T N
» (0.476581

0.879122) = 28463

13
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Fig. 3. REPERED> & SRIMIEREA D 254
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V/0.879122% 4-0.4765812
LD IEL WG, SRS 5 e,

—0.00355986
tan_1< )::«—09204

3. ANIHBHEDZEHR

8.1, RXHRIZ X 2 B

AT HIRAC T U 7 BRI XYZ 25 2 5 (B4) JAXA TR A S 28
%% DRI TR, A E VDR DO+ Z 8, B2 DO KPEM S 3OVIE4+Y B J5H 2 Lo
CT BT (ZLEEIAA T B ) B4 Z T T H 51T,

TR FEERZIT L 720, +Y fillld, HISKBEOAIZ T 2080356 %15, ZEilc
EoT, Kbpi3eE 28 L, +Z805mz28d 20, By —/7 v bix, KB &R 90°
ZRTRHECES TR RS RV b5, £, EEMEEED UM (North Ecliptic Pole;
NEP) & Flii (South Ecliptic Pole; SEP) %, —4fEHEIHIAAETH 2 2 L2305,

HEBODOEHDIZ 23 LAEY LADS, K2 £k XA BT 2 BlogfH
BBHb, FA YD ROSAT i (X #). HADH2» R (FRiH) #EThbs, Tns
DHEDAFX v VA% A D E, NEP & SEP 25 KMICZ>TWwWa I &b s, X
!X, http://plain.isas.jaxa.jp/~ebisawa/Planetarium/RASS_AIT.jpg ZZH&IT, ZiLld,
ROSAT 07— % &2 REPERICTE L, Hammer-Aitoff BETHRR L2 b DTH 51, [Hif
WIEZ L TR0 DT, AX vy YDONRABES DD D, AF v VS APERL T0 54 LD
DINEP, ETDRDSEP TH 5,

DRI OV THERTH 25, HAD TH ) HRFERT AR TIH R\,
BEEHED & ZE, PO KREAAOY izl & LTHERT 2 DT, Z DROEH R I
NEP, SEP 2ili5 Z L1275 %, LKHGIHh DT — 8 2T L 72 b DD, TOMXDK1I1CdH 5,
UM, FHEMEECHROR L Th %, SR CIX NEP 13/ 1, SEP 1347 Ik 2 FICHER,
http://plain.isas. jaxa.jp/~ebisawa/TEACHING/2007Komaba/nikko_proceeding.pdf

HAD "&2 0 ) fRIIKRARERI XAHETH 5, 72 & 21, http://uww.
ir.isas.jaxa.jp/ASTRO-F/Outreach/results/IRC_A11Sky_red.jpg *°. http://www.ir.
isas.jaxa.jp/ASTRO-F/Outreach/results/PR081119/IRC09A11Sky01_ss.png Z W TA LK)
(BRERD, K~ /2 E, AF v Y RAWNEP, SEP Zillo T3 2 L0051 59,

17 E L FHERIC X > THEERRDERINE ) O TIHEREILETH 5,
B ArFnTtuTtb Ry, KiBE+Y#iokymz TREMA, 59
19 BRZICREE T 2D, WALLLBEEND 5, MEMMERUHE, AVh F—LHEED, ELTAT
Xk &b, INEREDLARICMER L £ A TL 7 ?2http://plain.isas.jaxa.jp/~ebisawa/Planetarium/
nExBEIC
15



Z (toward target)

X-ray telescope
(works as a lense
or pin-hole)

>Y

(toward Sun)

Fig. 4. N THEIED —iih & ¥

3.2, NIBHEOLEALEA AL 7 —F

RIS 2 NTHEDZER 2, T4 7—A2lioTEROTILENTE S, ZiliZ2 KD
Aetix, X iz £, Yz RE=900 DEEOYILEEAT, 2 06 Z2YZ DIRICIHE X &
TWo 32044 7—MfT, HROLRZEEET S,

HWROAA 7 —M &, BIIL T2 HEFOBIRIZRYITH 2, ZYZDA A 7 —F7% (¢,0,9)
L&Y, BEDOLZEDBIEEA R Tw 3 DS, Kk (RA). K (Dec.) (3,

R.A.=¢,Dec. =90° — 0 (58)
THZoNB 2B EHICHhr571259,
H3AA 77—, ik, BUEESY =7y FORDIKEIET 24, wWbWwiO—ILA
#5272 %, BHELT, v— Ak, Rodtr 6 BHEEEO Y il (DETY) N, KEEHED I
Aoz, H3 A4 A 7 —fMLu—)Lf (ROLL) DEIfRIF

Roll = 90° — 1) (59)

20 HBR [TlE, R, AL SR D ICE o A TER T B, BREN 2 210 2 D3 Bk & KERTRC D
7, Z9%5,
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ThHZons,

NITE R Z > TRIEZBMT 28508, A4 7—MAZ2EE L THEDLZRAZ RO 5005
DD, H—, BoAAL T —AEIREDMEDPSIE ZDIIEN, B4 7 —AIFEMiIC k-
TRE S, 7L, KB SRFADPERICKG ERETHEL THL DT, FEA44 7 —AICiF
YRAWEND 5, 7oL 21X, TILARDOGE, KRG E RS2 VDT Alk, 655205 110
EoMThiUIFHFIN 5, BHNIZH WS CCD A X 7 OHFIZIESETH 2D T, BHEFIZE
D2E% CCD A A 7 DHEFIC AN ODIZ k> T, BEEAA 77— (v—VA) Z2kdD 5,

3.3 BUY—7 v b EZ/OBR

NTERIC X 2 EBEOBINC B VT, BlY —77y b OXRIK L TOMIE & i (KD
KERETONE) ITIBLE T, A 7 —MZ2RET 205D 52, NEP IF—FHhElHlTE 2D
T, X227 —XRfilTh 2, Zffiick>T. NEPZBMHT27-0D4 A4 7—A%2ELTHAL
9. NEP O7R%E, AfEEld, KR ED XflisFIT s, ZiS Kotz mvyTwv 2 K582 5 X
T D IC 23.°4 [AE L 72 & ZICHT 72722 ZHhDsia) < ST72 5 6 (o,6) = (270°,66.°6) TH-Z 5
N5 EEOLN»BE29H (6 HORSI), s @lillgm (RO ZH) 1Kk L06, &)
DZODFAT7—AIFIRED, $=270°,0=23°4TH 2%, HED ZHh, YHioR D I1HEE L <
CDOZODMIRZE I >R T, fED Y MEETRZMAWTOLRHRIERL X9, Zik
DEY DE=FA 77— DIEHKIC K > T, YHIIKBEFUCMESICEE L2BHT 5, ko
T, KB sxov (BREO+Y h7m) RO ARz Ev) &k, DT k)icks%%
MR L X922,

BODEE p=0°

HEDEE ¢ =90°
oD & E p=180°
KZEDEE ) =270°

BARNZ2H 2 R THA X, T3 HEIEZ. SFTIolRE2=REMILTWE, Z0
R & A A4 9 —MIZLLN DY Th 3,

2006-06-10 (270.67, 22.36, 87.93), (¥ — 27 T v A &K5=701012010)

2005-09-02 (272.79, 24.02, 159.07), (¥ — 7 T ¥ A& 5=100018010)

2006-02-10 (272.82, 23.98, 323.70), (¥ — 7 = v A %H5=500026010)
FEEEDEFE=A AL 7 —AD, 1ZFZDEEDRGDOHFZNNT S I EZMERL X923,

SEP & —fEHEICZ 2D T, R 27 —RMHETH 5, SEP 2@BHT 270044 7 —
fli%E 2 THA X9, SEP DA, ARfid. RER ED X EhsED i, -Z s KO % e T %

2OV EEEM S FHRENRATOEE O RFEREHETH S

2 IhaHEAS L KRS VIS 6% T, fIRIERT LTk ]

# zhzn, LLFO URL T, BfEHRZMG2 2 L3 TE 5,
http://darts.jaxa.jp/cgi-bin/judo/draw_fits_suzaku?seq_no=701012010&group=SUZAKU
http://darts.jaxa.jp/cgi-bin/judo/draw_fits_suzaku?seq_no=100018010&group=SUZAKU
http://darts.jaxa.jp/cgi-bin/judo/draw_fits_suzaku?seq_no=500026010&group=SUZAKU
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RiEED & XEHDJE D 12 2324 [AHE L 72 & S -2 hd3m) < 517206 | (,6) = (90°,—66.°6)
THZoNBZLiZbo 37259, THHBIGIN (FEO Z6) k2 06, RO
ODAAL T —MIFRED, $p=90°0=156.6TH %, HED ZHll, YHOH Izl TZ D
TODREEEB I oA T, HEO YHEIIK O EEHWTWAHRICEREL XY, B4
T = lx, KB s tov (R OLY BlG1) KB Gz &) EEr ok, 20
DUTDEICHZ2HEZHREL X9,

HODEE p=180°

BEEDEE ) =90°

oDl & p=0°

KEDEE ) =270

5.4. HIERFEEED & KERFEEE A~ D2

BROA A 5 — % F\ T, BURMER L KIREEOEREITH - LH3CE 2, BIERE
@ﬁﬁi\ﬁirm_lménfmao%n@\ﬁzgnﬁﬁﬁwag\%ﬁﬁmazm&%
ENBh, LI EETH 2,

BURPERR & REIEER O R 7 FOVEIZSIE, (50) THA SN2 DT, BEORE
%%?mz%4a—ﬁ%w@maﬁ%a\ﬁirrﬂ SR BIRGY, (2" 2",k AREIE
T BT BIGY, (1,y,2), DREIOEHIE, [ U512 TUTFOMED Th 5.

x cospcosfcost) —singsiny  —sin¢pcosy — cospcosfsiny  cospsinf
y | =] singcosfcosty + cospsiny  cospcosy —singcosfsiny  singsind
z —sinfcosy sinfsiny cosf

BN Z2EZE A THE ), T BEBEO X CCD A X 713, XY il 7.
18’ x 18 DIESEOHE 2> T 5, ZOBED, H24 4 7 —ATERINLIEHD L ZIT,
KR EDEZITR 20?7 200305 R ITIUL, WoZtWHEDEZZRTWID0bh 5 7% <
oTL I, o, HEERFRTIZ R DT, 52850 2 KIEZEHT 2 £ ik, T
HE % IEMECH 2 B H 5, Mad6bib X9, CCD A X 7 DIEFBOHEFIZ A - THK
5 X ftid, RER B2z L LEARICE SN 238 6 ol bDTH S, CCD D
HMz < 2 X RO FERAF RO IR T FOVIZENRERR T (0,0,1) TH B Z LiFZbicby
571259, Z0LND XFUZOWTIEFERRG DSR2 Rl (0,0,1) 22642 L 21T TT
Wb, ZOHIARZ PV EETHEEER T L, ZN2A A4 7 — M2l TREEERIC
R, WIBT 5 KER EOALED DD S

2006 4F 10 H 15 H2 5 17 HIZ» T 2 b iiMmElo 57— 2 RTAa k9
(> =77 ¥ A& 5=500009020), http://darts.jaxa.jp/cgi-bin/judo/draw_fits_suzaku?
seq_no=500009020&group=SUZAKU % HTAHZ b5 LI, ZOBMDA A 7 —MIZLLT
DN TH 5,

¢ = 281.004,6 = 94.078, 1) = 184.470. (61)
T, T EEXBECCD A X I3 HED 2o FAaZanwTE D, ZD 18 x 18 D

18



EATEOBE O X, YEicih->Tws, 2% 0, fED XY ¥ LT, D450
LT O XY EEZ RO 2 L 3bh 5 (BALIXE),

(0.15,0.15), (—0.15,0.15), (—0.15,—0.15), (0.15, —0.15). (62)

Flo, NIHREEEICEITS, 2o 4 20MICHET 2417 ML (M4 TIEARTRLE)
AT DHEY THLHZ LB 5759 (0.15°=2.61799 x 1073 rad TH % Z L ITHERE, ).

2.61799 x 1073 2.61799 x 1073 —2.61799 x 1073 —2.61799 x 1073
2.61799 x 1073 |, | —2.61799 x 1073 |,| —2.61799 x 1073 |,| 2.61799 x 10~* |.(63)
0.9999931 0.9999931 0.9999931 0.9999931

(61) Z (60) IZARAL T, COBIMNCET 2, HEEE LOTTHRT FIVEIT) & KRR Eo
TIER 7 B OVIRIT D LRI

x —0.0629713 —0.979686  0.190394 "
y | = —0.084471 —0.184856 —0.979129 y" ol (64)
z 0.994434  —0.0777398 —0.0711144 2"

E7b, ZHUT(63) ZRAT 2 L, REEERICEIT 2 XHCCD A X 7D ABDFFHRT T
Nl EN

0.187663 0.192793 0.193123 0.187993
—0.979827 [, —0.978859 |[,| —0.978417 |, —0.979385 |. (65)
—0.0687141 —0.068307 —0.0735139 —0.0739209

ThHDIEDVDD D, TNERFFE FEICETICE, (9) ZHVIULR Y, ffiK, CCD A X 7
D 4 FRO ARIEPERE

(cr,8) = (280.842,—3.940), (281.142, —3.917), (281.166, —4.216), (280.866, —4.239).(66)

T Hh N XA 6 0B, JUDO (http://darts.jaxa.jp/astro/judo/?center_lng=
281.004&center_lat=-4.078&pa=0&ext=30&crd=equatorial&scl=log&img=
color&selectedlLayer=0,1,2,3,10,11,12,13,15,16,18,19,21,22,23,24,25, 26,27,
28&layerl=scl:log,img:color,op:1.00&layer4=scl:log,img:color,op:1.00&layer7=
scl:log,img:color,op:1.00&layer10=scl:log,img:color,op:1.00&layer23=scl:
log,img:color,op:1.00&layer26=scl:log,img:color,op:1.00&search_lng=266.
404996&search_lat=-28.936172&search_crd=equatorial&search_radius=0.02) Z{#->T,
WL THAL I, HEE JUDO Tl o & 9 itz L Tw 2372,

24 JUDO oI 2> & Show Information v 7 Ry 7 2% F zv 7, filter ¥4 71 7 R v 7 Z1Z 500009020
Z AT L, ZOHEICH)IET 58—~ v 723 EFlD URL,
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4. POTHEEREHR, ATHEDZES

4.1. VUL (quaternion)

INEFTRTELEIIT, AA T—AZHOTATEHEOLESE 2R T2 L3 TE S,
7, A 7Aoo NS NERITH (X 50) 2 e tuR, KERPERE & 8 2 AR O 2 #i) S5 A
TZ 5,

i 4 A% 2240 T 2 NTIRDOZEAZGIRT 5 THAT7 74, Oz R TAR LK),
7o 2R, THTh ) FED 19934 9 H 28 HOBUHNI WIS 528487 7 4 V1 ftp://ftp.
darts.isas.jaxa.jp/pub/asca2/10010120/aux/fa930928_0641.1435.gz ICEWTH 5 1
lZ FITS(Flexible Image Transportation System) & ) KXFEMEAD 7 + —< v F ZFFO 3,
ZOHHD—EIZUTDOL ) LbDTH 5,

2.335207979544103E+07 -3.664577454889666E-01
4.253754826778572E-01
5.598341700062809E-01
6.093850355900631E-01
2.335208379541934E+07 -3.664573182646553E-01
4.253649060520620E-01
5.598375141751545E-01
6.093896030552058E-01
2.335208779543787E+07 -3.664571463319929E-01
4.253647582397316E-01
5.598375515033529E-01
6.093897753298769E-01
2.335209179521501E+07 -3.664635097319999E-01
4.253653064430918E-01
5.598271266903228E-01
6.093951430157092E-01
2.335209579523355E+07 -3.664768211073824E-01
4.253597832398843E-01
5.598082237138666E-01
6.094083582093963E-01

—{THIZ, 1993 FDIHE h 6 DFEEY, “ATHD ZNZNDRZKN T 5 4 DD, Z2D
EEDNTHEDLAZ LRI 2BAETHTH 5, ZNZTNDRLNZE T, 4 DDEFD
THREMEHELTAL ), 1ITR2TWRRIEBDLREEST,

% DYH. NTHEREOZEBAZGRT 52 DIz, ETT (quaternion) SHWV 515,
LB RS & TR OB Z G Ic KRBT E 22, FHRICEABREDSNER L, 900

2B EZIE, YL TERINDAA 7—AZHALEGE. XEIOR ) oNiEZ 5032 DIz onnTh 5,
20



R OBWTH E B L T, NI A =7 =427 D TEHEEND L TFED., o x
Vy FBHE2DT, ANLFHROERAHER A v 22— =574 7 AL EIAL HVWENT
W3, £, A4 7—DFEMICL D, EREOMEELEEILH 2 0D £ H H O—[n| DA T«
SNBEREHS, PUTes e F o CEREA A2 KRBT 2 & Z onligilh & PR A 3 IcRI N5,

4.2. PAILE D HE

PLEUE 19 HALICAN SV b T K> THRI N Z ) 72, BUAN Mz L 2K, Z
CTIEMITEDICHENIC DWW TRR S, RIS K912, /LA (norm) H¥1 THBH
fIPUTTE (unit quarternion) (&, 3 RITEREFROBEDEREEZLNRT 5,

P BIIEFEBOINELE LT, LT X ) ITEEI NS,

¢=ir+jy+kz+w, where i? =j* =k* =ijk = —1. (67)
ZIT, ny, 2w EEETH L, FVUITTEEDTO L) ICHRT,
q=[v,w] = [(z,y,2),w] = [1,y,2,w]. (68)

vid, SKRILZEMDRT PV 2T, g=[v,w|,¢d =V, ,w] & T 5 & E, WLEKFRTDON, &HiZ
P TH D, ZRUIRD K I ITERKI NS,

¢+ =[v,wl+ [V W] =[v+v,w+uw]. (69)

qq¢ = [v,w][v 0] = [v x vV + wv' + w'v,ww’ —v - v']. (70)
B HH T S LT (R 2O ) ORERASTHATR W Z EITHIBL Tw ), £,
¢ =" ELTEE,

(¢9)d" = a(d'qd") (71)
VIR 527,

ERR3RILANZ FVh | WILBERR T 2 N TE S, s2HBDERELTLEE, Z
DVUTEE R IE, [0,0,0,5] =[0,8]e vZ 3RILRT PILE LK EE, ZOMILEFRIE, [v,0,
TEBCR 3RTCAN 7 PNV VT FR L7 L &, 200 28It BORICB L <. DTIZEY
TH 5,

sq =10, s][v,w] = [sv,sw] = gs, (72)

vv' =[v,0][Vv,0] = [v x v/,—v - V'] (73)

26 Z offfi £ REfiTlE ftp: //ftp.cis.upenn.edu/pub/graphics/shoemake/quatut.ps.Z 2 ZZIC L TWE T,
DA EDHEZHD Ken Shoemake 1, 2¥E2—F—27F 7 14 7 AT quaternion ZHAL 72 A5 L\,

IR ZABICHHTREV2 S, ¥OHDTFEZEH2 L THERL TR 29, ZDiEHICE, A A7 —=HK
B9 23RN (35) &0 N7 FOLV=EHRICBIT 52 Ax(BxC)=(A-C)B—(A-B)C, (AxB)xC=
(A-C)B—(B-C)A 2{li9, (BZ6 ) NFDHEFERIZETH L L)1, X7 PV=EEDOEMAZDT
DEICFHZTEL, (1) BHKIIA Y aNORT FLO—XFEGTH> T, (2) &7 LV OFREUI D 2 >
DR FVONBETH D, (3) ZORFIRZEEOHRONT FIWITH L TRIE, IOXZ FLICx LT
TH 5,
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5,8 ZVUITLEDE. p.q,¢ ZEEOWUILE E L7z E, LMD X ) ITHBEDRAZT 5,
p(sq+5'q) = spq+ spq’, (74)
(8¢ +5'q")p=sqp+s'qp. (75)
PATCEL D A% (conjugate) DEFE E, ZDOMWEHIZLATOME) TH %,
¢ = [v,w]" = [-v,u]. (76)
(¢")" =g, (77)
(pq)" = {[v,w][V, 0]} = [v x V' + wv' +w'v,ww — vV

=V xv—-wv —w'v,uw —v- V]

= [V, w][-v,w]=q"p", (78)

(p+q) =p+q". (79)
JNVLDEFREWEIILLTO®ED TH 5,

N =q¢ =q¢ qg=w’+v-v=w?+2°+y*+ 2°, (80)

N(qq') = (¢d)"(¢d') = "¢ ¢¢' = N(9)¢"¢ = N(q)N(q"), (81)

N(q") = N(q). (82)
FHC. /LIS 1 Cd B PITEE A WA PITER (unit quaternion) & I3, ¢ OMPITEE %

¢ =q"/N(q) (83)
TERT S, ¢ WAV TH 5 & E,

¢ =q (84)
Thb,

4.8, VHICHL & A58

FBIMuZzHXT7 PVETELEE, VLD 1THHHMIUITE, = [usinQ,cosQ] &, fF:
BOXR7 Py 222 7 LT AU, p=[v,002FEZ 5, p=qpgt=[v,00 & L7 L E,
vid, vZuDRDICAEE20MIEL 2 b DTH B,

F9 BAENICEZ LS, A ZTEATHRRMER R LA DTHS, v=0P
ZuDIC 2L b0, vV =00 Th%, 22T, 00=0N+NV+V(TH% <
LICHEHT 2, 7. ON=(u-v)u. NV =cos2Q(v—(u-v)u). VQ=sin2Quxv Th 5,
£oT,

vi=(u-v)u+cos2Q(v—(u-v)u)+sin2Qu x v

=(1—-cos2Q)(u-v)u+cos2Q v+sin2Q u x v. (85)

28 ZoffioF T, BA%ERE, ?Classical Mechanics” H. Goldstein 12tV £ L 7=,
22



A

—Ji. VLB DGR X D |
P =qpq ' = [usinQ, cos Q][v,0][—usinQ, cos Q]
= [usinQ, cos Q] [—sinQ(v x u) + cosQ v,sinQ u - v]
=[—sin®Qu x (v xu) +sinQcosQu x v —sinQcosQ(v x u) +cos* Qv +sin®Q(u-v)u,0].(86)
Z2MRT7 PR 2L T, R PVEEEZEM L TEBT S L,
v = —sin? Qv +sin? Q(u - v)u + 2sinQcos Qu x v + cos? Qv +sin’ Q(u - v)u
=2sin’ Q(u- v)u+ (cos* Q2 —sin*Q)v + 2sinQcosQ u x v
= (1—cos2Q)(u-v)u+cos2Qv+sin2Qu x v (87)
£ 0, 3 (85) L (87) 37— T %, Lo T, EHI 2RI N,
p=[v,0[ 12T, BT q,¢ 1T X AR Z 5 EHETHTI LB EEZ 5,
q'(apg™")d" " =d'apa™ ¢ = (d'g)p(d'a) ™" (88)
2T, (1), (718) Zz [\t ko T, DUFDEHDIES 72,
B TIT HAPUTE g (I XK RIS EHenT g L) MEEITI & &, ZDMHEIL ¢/q &\
WK IRARAN AL DT e 3 R g W
44, VUICEL & HAT A D BER
v=rxextye,+ze, £ LT, (85) £7IX (B7) DEH T Z2HE T L THD, KL,

q = [usinQ,cos Q] = [q1,92,3,q4] (89)
ET 5, TNDBNIGICETH 5 &) DS,
GG +a+a=1 (90)

Thb, sinQu=qiex+qe, +@e, TH5HI Ezfli),
2 A4 7 —MEMOT, 3 200EEENAXRTT I BEOITHIGHESIEFICHEIC o7 2 2 BWEZ 9 (50 Ak
) WmBzHw2 e, MERIZ LD v 7NVICEERTE S,
23




v/ =2(sinQu) - v sin Qu + (2cos*Q — 1)v +2cos (sin Qu) x v
= 2(q17 + @y + 432) (G16x + ey +gse,) + (4} — 4F — a5 — ¢3) (wex + yey + ze,)

)

+2¢1{(q22 — qzy)ex + (3 — 1 2)ey + (1Y — g27)e, }
2
1

G—G-—G+a 200 — 2430 20103 + 2¢204 x
=(ex.ey.€1) | 20 +2301 -G+ E—G+E 20— 20 y [(91)
24143 — 2q2q4 20205+ 2104 —¢i — @G+ @3+ qd z
X
= (ex,ey,€,) A | y |. (92)
4

22T, A (91) TRS N 3x 3EMTH 2 D70 A LR Lz, K (92) DERIZLIT
DY TH 5, HEIEXT FIL (ex,ey,€,) ZRIDOMEHERT, (2,y,2) EWVIRITTEDOINLERY
Frvz, X (89) TRENZMIEHIC L > THEEL, v £ I _7 FADE N EE, FL

X
FEERRICB T 2 ZD01I3 Al y | THEABNS, TITERALDIZ, NT NLOZEH ([O4R)
z

TH > CTEREETIE RN L ISR,

RICHEFEE % EZ D, THhbb, (eg,ey,e,) EVIHEERT brzhnzing, X (39)
TRINDVLHIT L > TRHEE L, Hi7c 7%z (€] €}, e,) EVIIEENT PV ZERLIES v
VIR PVDIHEERIZE T BI85 (2,y,2) 2 6 HIEELRICE T 2857 (2, ) ~DZH
BEZD, ZOEHTING AT =ATEZoN 5 I LIFANAL A9, L-oT, Mics (32) T
B L 7B HATH E L TS &

x a1 a2 a3 x x
y’ = a21 Qg2 Qg3 y | = ‘A
2 as azy as3 2 2
G—G—G+aG 200+ 200 20143 — 2¢2a T
= 20102 — 2q3q1  —Gi+ 35— @G+ @ 2¢2q3 + 2q1q4 y |- (93)
20143 + 2¢2qa 20243 = 20qs  —Gi— B+ G+ G z

10 HTliR7eA A4 7 —DEHE BN Z D, (a1, a12,,,as3) D 9 DD % RO LML TH D3 5
Z bt L FE, ZUTH)IET 2 [O[HKHE & LI E ) PoTRDLLRWEA I 0?2 ET ., (93)
IZE 5T, (a11,,a33) 6. SIET AUI0E g = [q1, 0, q3,q4) Z KD B, 22 HOEHITIZ X > T,
q=[q1,02,q3,q1) = [usinQ,cos Q] EF W7/ & &, ZDOMEREEHIIRT FLudDE b DML 20
DEFRITRIG LT 5,

4.5, PEREZEHA DG H]

IZOWTIRES 2T ENTET,

24



g1 = 0.4832, go = —0.1963, g5 = —0.6992, g, = 0.4889 (94)

nHELND,13 Ho#licd 2 kHic, REEBREIZEBT 2 X7 L
(0.19033,—0.97915, —0.0709752) % ZE[ER 7 1< FF 2 PUITEL p = (0.19033,—0.97915, —0.0709752,0)
2HEZD, RO g2l ERIKE > TR ORE 2GR T 5 &

¢ 'pg = (0.879122,0.476581, —0.00355986,0) (95)

DEoNs, OB DHEINEEIZE T 2GR FVISHIGEL Tw5, A (57) 2> 7%
TR TH , Wzl it A THO R CFERMBME o s L v biF 7,

¥, EHITED, g=[usinQ,cosQ] L LT, TDgNT7A—=F—F, Ffix7 v
u = (0.5539, —0.2250, —0.8016) D DD 20 =2x60.7T3 DEEFRIZHIGL TWBE I EBbh b,
2 A i TIE, AEHERED & PUTIEEIND LM% 3 DD F A T — iy (K PEEL O [ b o [lis) T
bLh, IR EETRINS, —ROREEER EEMiTH 5 (EH IS,

4.6. NTHRDLEA~NDIGH

PUTEE D BRI BB & LT, ATHEEOLBAOVgCHill2E 2 k5, BENIC,
T (b bz L) OANTHEBEDOERD IR, HENIRFE D O LB DRIGE DI EIT 78
520D B, BIZIE, “ODLBGHBRH Y, ZDMERDLE) GE, ZOVHEL- LD
5LWEAL L TIRHT 2 EDBH 2P, £/, ZH7 7 A NITIZE VR EVDRA (72 & 2134
BT EVICRBIT B2 EAPEIPNTO DT, ZOMDORLNCE T 54883, > DLEBDHiM
TIRD 2 ED3H 5,

TLDLEBN B, 2RO, X i)sET KORE) 2 O, Wiy TRb I 5%
Bz P, IWtllg TROINDI LB ZQ L T5, TP obhrbL)Ic, ZAPHIL QD
W, izt TRINBIETTH B,

P gp' Q

—_—

O

qp ! b IUE, 2% [usinQ,cosQ] ETEL ., [FHRHH u & [FHKAH 20 23005, 72L&
ZI1E, ZOREEADE & ) EEFRERL 72D, P & Q DVHDLEEII b, Po QITHEE

30 FL23 T §7p) HRD Slew(KE BLABE) hOT—F 2T L7c L&, Py A aziiir oy L ko~
LHE, BRITIPOMT LI BBDV 2 i) & o LB IEMALRIANRONDE b ) EL1,
25



DREEIL T3 E X, ZOROLEREZFHET 51213, MiEMA 2 0L GHbE THIEIL TP
ER W, BARICIZ, BB P 2O % t,. BBQ ZFioRA%2 4, L9 5L, ZDORD
IR ¢ 1231 2 Z853. PUTGEL [usinQ(t), cosQ(t)] THA 641,
t—tg

Qt) =
M=

(96)

TH 5,
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5. FFIREN IR

5.1. FREMSPEBEGER S B 7 B G

ZCTRIERZHOIEH & LT, FRMENEREERIC OWTHATA L ), GHGEHE) T 5
TODMERR (BRI 0 &L &5 THOYIHEMA RS FHL X ) IR TE S, L) DK
FREREECTH 5 (2 DFH IR 2R IFFEL 2\0), ElE &S o AR THH U MHE
ZWB L, EH506D0F%0 6 bMHFORVFAL L HICRZ S, ZoMOEEL#IIO—L Y YE
Bchzon, MR T L) IC, ZRUIPIRTTREZICBIT 2 EREMEEZ TH Ry, Ly
L. IZEAEDES, I¥FOMEZAEL L &I, TAbidu—L vy BN %2 Al
5% THRV, ZIUIMTKE S 9 22 ? ZDE ZIXHHE T, % O%ETHk-> T 23 EEH
¢(2.997925 x 10° m/s) ICHARTIE 2 DIT/NZ0h 5 TH 532,

HARBIRZ AT 28812, &9 L CTORRMEMNGRD MBI R > T 2550 =25 %,
DN EEB S EHAIICEZ D ) 2 FHHREZWHI LA T, b9 2k 7 uofiti
TIRIZEHCHE) L T 2R 20 Fh P rotf{icd 5, 72L& 21X, CERN @ LHC
(Large Hadron Collider) 128> C, 13680 0.999999991 5 DM T I 5 % 9 72,
TR TRT &9 ICHE o TEBI L TR AMIEOZ 2L X —131//1— (v/e)2 f512% %75, LHC
D&, AU 7400 5 TH 5, B FDERIET 20X —1320.938 GeV %D T, LHC THI# X
nrzbrt (EXBGT) ER7TeVOZ R VX —%2FFOZ L1/ %, LHC TG T L KBB4
HDETI4TeVOZFNVF—CIEHE RIS TENS ZHEL, B, KB IcHtAE T
UG, By SN VEBEOREZHE TS 2 Licko T, R0, FHoEIES,

5.2. HDGHGES) (super-luminal motion)

1981 fFIC W & TIHE IR (7 = — 4 —) OB B D & BOGHIES) 2 W L 725
(”Superluminal expansion of quasar 3C273”, Pearson et al. Nature, 1981, 290, 365) ® 7 7
A7 7 MEbTr—fr. LTDHE) TH S : “Maps of the radio structure of 3C273 show
directly that it expanded with an apparent velocity 10 times the speed of light from mid-1977
to at least mid-1980.”

BRI E R 2 T2 2 8, LIFLIEZNDYY =y b X ) ISR 5 R E H
TEIICHAZ LRI TICHS TR, ZASHuLRED) S B T CEREDDEHEZ 10
L ESBATVwL XIICHAD ZEDRAINDTHL, T2 EDX I IHRL 76 R
WZAH ) D ?

52T, LM77y 78 —N06Y 2y b S L B GREE o, B 1203
DL, TRIBZNDE AtFEB L7 2ATH 5, HiHEDRANIH S 7t % light A,
BEDORANHE S N 7O6Z light B &L X9, RE»oBHIF I COREZ D &35 L, #
M5 D3 light A 2 3Z FHLB IR, light A 3 65 NTH 6 D/c B TH S, —J7, light B %

SUHN OB TEL L) 2L,
32 BRI P KL RO AT I AU c 1FTT I Ao id 3, 2o o, DUFICH T 2%
AR IC B WO Z MR AR L L7 & E0HEPULR > T 5,
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Fig. 5. EOGHGHEBIOFHK, K2 HT P 2y b (77 A<D £ D) 2358 o TEIHIZ ISR L THEE ) T
HEINDRVZEEZ S, v WDVERITHRTMEATELWIZERE (. 02N S 0 & ZISHDGEEE) B X
na,

ZIFH L DIE, At+ (D —vAtcosh)/c B TH 5, Lo T, BHIED light A 23217 TH 5 light
B %%} % £ COREHEKRHEIZ, At(1—cosOv/c) £ 5, iz, BHIEFICE>TIE, Y=y b2
BRI 1A & TS Atosind ZHBB L 2 X HICRZ 2, X o C, BT L BED LT M
EAEN
vsind
Var =7 (v/c)cost
E% b, TNz 0TI LT, ZN3EQITK2 0 DIEZKRD B L cosd =v/c D E EIT vy,
D3R NAH
(maz) _ Y
Vogy ) = e (98)
2D EWDh D, v clES RS E, W) e kDB RELSAD I B EBDVDHD
7259,
5.3, M—L vy
CNFETIT, 3RILDERLMDS, KREED B DA N THEDOZBIIGH S 1 5
LA, SICIRILZMATARICRGEZEZ 5 & FROERLEA)S, Rk
HEICHERA S L2 RTAL),
4RI BT 2 ERE a2 ZRZ D, HHRT PNVEIGDHEIRTRL 7 & ZDRITH
(z1,29,73,24)s FTLWIEERAR Y PV TERD L7 L EDORITZ (o), 24, 24,0)) ET B, X7 FILD
RIBAEBDT,

(97)

sf=aitastas+al =t + ol + a2l 4+ 2} (99)
Th b, BT Z a;;(i,5=1,2,3,4) £FL &L 3RILD E Z (30,32) E&SHL L9 I,

33 Jackson, “Classical Electrodynamics” ®” &5 1" #Z2FIC L T (HAGERO T £ 9), KRR
WCBILTiE, B2 & D O LIRDFRDIZI B> v TN THOhAr )P TV EEL £ L7,
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Qi Qjf = 5ij> QRO = §ij (100)

x;:aijxj, xi:ajl-x;- (101)
DKSLT 5, 22T, 15HIiTIERZz LI, MUBRFAIZODVLTIE 126 4 EFTORNZHLS,
(v,y,2) Z 22BN, t 2R E T2, H2FRET H DPERR K TRb L7 R
DIEREZ (1,y,2,0) T5, FRIOKIIT, WiZlt =1 =0 THEAEN K &L, K LRI
JEo THREL TCOREBER K 252, ZOHR%E2 K TRO LERELZ (o, 2, 1) LT 5,

)

X
X

Yy z

cERNHE LT, my=a,00 =y,03 = 2,24 =ict &L X9 (xy DIEANIC THERFR ) 1K)
JELTW3 2 IR,

ZokE, A (99) 1,

sP=2 P+ 22— () =2y + 2 (ct)? (102)

LD, SHUIERHICERERZE L TWS ZDDEEZERICEWVWT, s TERIND MR
By MARZEETHZD L2 L Tw5, K (101) TRDLIND (1,y,2,t) & (2,9, 2, 1) DED
ZHO—L o YEERT, X (99) TEDLINLZOPO—-—LYYAREETH S, iz, X (99)
TREND EHIC TRE ) BPAET, X (101) du—L v Y EBIZHE) X7 P ILETARY ~
U EMES,

Fric, Bt =t =0 CHRDFERZ I L 72 E X 5, OWMIIERIE LIcHids->
T DF7ED, A ¢ 28T 200 ORI ZNZNDR T, (1,y,2),(2,y,2) T, &
(102) 13,

22 +y°+ 2% = (ct)?, (103)
2 +y? 2% = (ct)? (104)
ZEIRLTWS, 20, KREK ZDBEDL) BN EETEHITWEI EDL, EE5D
RO RTH, iz eTH B, EVINEE—EDRENE SN,
HIRW 220 %2 RCAa L), TRO LI IZ, KZD 20l (x5 ) O 77 AFMIC, KR53
W 0 CEIOT WAL R EL S,
oo —L BRI TO®E) TH 5,
29



: 01 0 0

e | 2 (105)
T3 00 v p 3
x) 00 —ivB v Ty
T 10 0 0 x)

01 0 0 :
= | 2 (106)
x3 00 ~ —ig xh
T4 00 B v )

Z Z T,
1

i%LT%%op® ZHATHIDS, ERGME. (100) Ziii7- L T2 2 & BEfT51251 751
&’)Tl/l% k( CL]Z) %ﬁ%mubfi’o 70
*t(105)(106)<k U

vy = (w3 +1074), (108)
x3 = (2 — if}) (109)
Ths, K FZOERIF 2, =0, K ZDERIZ2;=0TH 20, Choz2fRATHE,
x3=0t, (110)
rg=—vt (111)

BFoN s, (110) 13, K'RDEFRZ KA TED L7 L ZDBRA, (111) 13, K RO K%
K #T&b Ll 2oBRAT, E55HAMTH S,

3 RIGDELRZHME, FEER DO ZEMMIE 2 RO T DO TH > 7, FERIZ, 4 RICDEAL
Zd | RN TRT N TE S, K, (105) ZATD X HIcHI I,

x) 10 0 0 T

xh _ 0 1 0 0 T (112)
xh 0 0 cosy sing z3 |

x) 0 0 —siny cosy Xy

costp =y>1206bns5 LI, TITEALLLAE Y ZRENZDLDTH IS, u—L Y
AE (A R MO T £ B2 T b, DUFTRT &9 12, ELV#sfons,
K' R, 2y Wiliiciho7:, B LyoHz2EZ L), KR»o RS E, 2O +2 HA
I, HE o TESTwE I LILRS, K TIOBOREIZ M & Z12iE, HRFEZITHI % >
5. Z3UT, zsElCIh> B3 L1125, K256
Ly = Lo/ cosyp (113)

Eins .
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Li=Lo cosy
Ti=Tocosy

To

X3’

Lo
i X3

L1:L0/’7:L0\/1—(’U/C>2§L0. (114)

EoT, EoTWBEIIEKRZ S ( O—L Y VIE), Xic, K' RICHEE L ZmicB i 552
W Ty 25 2 %, ik K R Cllo 2R T 1, 2, i > T

T1:T0 COSQﬂ:To’y:LZTO (115)
1—(v/c)?
Eb, DFD, BIWTWBEEHEIW S K DEATWSE L HITAZ B3, TR, K' %206 K%
ZRIZEZIXEIRDLZDTH A 92?2 R X > T, AWwIcEEE % L T\»5%
N5, TRTOYHBEANZ, £ HEUCICR AR TRV Ry,

Xa X

Ls=L2s cosy
Ts=T2cosy

EXSH23 L1, KRZ2D o3 W o7-BORE Ly 2 K R CTHIEL: £ EDE
S L &,

Ly = Lo/cost) = Lo/y=Lo\/1—(v/c)?> < Ly (116)
7%, Flo, K RICHEES NI R T, OREIEET 2 £ &, K RSB 2HH T3 13,
T3 =Thcosp =Ty =To/\/1—(v/c)2 > T, (117)

M Z BRI, BIAZER TINESFERTIIHABHIIN TS, BN THEEOEM T, NI HLTH, 2hz
HHGE C FTHH T % &, BADENT 25 T 3+ ESR2DT, ZOE—20%28lT5I LB TE S,
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Ths, A (114) & (116), (115) & (1) ZZNZFNHILT 22 LK), K26 K' 2T
K26 KzRTH, o FALCLIICHAE I EBbIS,

5.4. IR

K (102) THRIND L), (2,y,2,ict) DRI B —L Y YAZETH L0 5., WPk
X7 PV (de,dy,dz,icdt) DEI SO —L VY IALETH L, ThbE,

—c*dr? = da? + dy? + d2* — Adt?, (118)
—c*dr”? = da”? + dy”* + d2* — Fdt” (119)

EEWLE dr=dr TH B, dr i, Kﬁ@ﬁ#fﬁ@ﬁ (dz,dy,dz) BEI§ 20K L &
HICHIC (do=dy=dz=0) BUIFEOM 2 R[], dr’ 1%, K' ROIEFT, dt ORI (d2',dy’,d2)
BEIT 2k e L DICEI (do' =dy =d2 =0) BIIFEOM 2 IHITH 5, DF D, Wkt LD
(B IR CHl - 2 RE IZAE R TH D30, 2 7 % EERE LS,
X (118) %,

d— (120)

1—(v/c)?
EFCE. ZUFF T (115) EFMET. BT 2HFEHIW S K DIEATW S K ) IR A
52tz LTWS
5.5. PUTLHE

IR K 9T, 2R DEERE (2,1, 2 ict) % DA 2R (do, dy, dz,ic dt) (X990
X7 }‘}1/0) D2TH5H, TNz ALEdr THl- 7z

(g_g_g_g_) am
bR 7 FLTH D, IEVGHEE LS, Tzl (120) 2> T,
Y(Vg, vy, V2, 0C) (122)
LEHT 5,
WOLHEEDOR S0 —L Y ALERTH S 2 2R L TEHE I I,
72(v§+v§+vf—02):%:—c2. (123)

5.6. THEEDZHRH]

%’%2%K%TL@?%%%%K%T%&&%@@ﬁ%%il5MK%K£H%%
BROME, K 2B A2YWEoME, K%L K ZOMMNEEZ XA T 20330 2 2 L1
HE,

B H{HTIES 525, K (105) I2WT, TR T B EZERLTEI I,
6 7206, HlZIX 1 BOMRINERIEVIDDEERTLIENTES,
32



FEERUL, K RIE K RO +z8hAmNIC, KICHLTHEE o TEHWTWws &F
5 (y=1/\/1-(v/c)2), EOEB S, K R0 5 RT +z A L, Z20llEx u & T
% (uy =uy = 0,u, = u)e K' B0 RYEOBRERZ W T2, 7. 1/\/1—(u/c)? =

Y, 1A/ 1— (W /)c)2=~p T 5,

X
X
K —M+- K’
e uin K
u inkK 7’
Z
y )
n—L Y YEHROR (105) &, PTLHEEOER (122) 525,
Yty 1o 0 0 0
v, |00 4 i Yulh
Yo 1C 00 —iv8 ~ Yulc

Nhrs,

(126) & (127) 225,
, uU—v

e = 1—vu/c?

(124)

(125)
(126)
(127)

(128)

oy HRDEERII D%\ ED3bhpokDT, Wilc, o, =u EEL 12T 5, EXZM®
L TALI FT. u=0D¢E, v=—0vTH3BD, KRIZHEHIELTWEHD%Z K' Z2h56

Hleo, =2 HIANGES v TEID 5 2 LIFHHTSH %,

HEATEICE T, MEOBENEEIGERIC RTINS VLD T, vu/? =0 &

HERILTEv, 538 ERF v =u—vEFH. RENRITR 37,

37T Hbh ECAR =)L ZERHE o = 100km THIT S, F U HEICEE 0 = 80km THDFIHEPS B2 &, ZO@HI I

u—v=100-80=20km TH 3 £ EZ 2DDHKRTH 505, TIUIALIZIEL £ 72\,

{15 &, BHE (20 4+ 7 x 10715) = 20.000000000000007km 12 7% %,
33
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u=c?DEZITIE, v DEICIEED ST, o/ =cllZ?, ZHUIEHEAZE DI A7
5%V, u=-09c, v=09c & LTAHK), FFMHXERNICEZ S &, K %D 6 BT, Wk
u—v=-18c THEIDP> T Z LA BN, ZAKI LIFFEFTEH D v, A (12813,
—0.9945¢ 2 5-2. %, VEDEEBOMREIDGHZBZ 2 LIZH D 2 BVDT,

5.7, VUJGHES) &
PWCHEICEREm 2 H T b 02 ETEHE &R, T4abb,
My (Vg, Uy, Vs, 0C) (129)
= (Das Dy =, 1E ] €). (130)
C T, XGRS I3 EE) & 3
p=my (131)
T, TRV F—I3,
E = mryc? (132)
TRINZ Iz, v/e<1DEE yr1-1(v/e)? ZHVT, (132) 13,
E%mc2+%mv2 (133)

LEPITE 2, RYIDOEDE L RN X —, ZHFHDED, =2 — by EICET 585 O
BT NVF—Th 5,

(123) X 0. MWGEBIERORE IO I IE —m22 6, BROAS I 2L X — L)
B DBIR,

E? =m?ct 4 p*c? (134)
»Eo5Nn s,
FHC, T LEENEY R TH 2RI T-OHE I,
E=pec. (135)

HDOWRE \NIREEZ v ETHLE, W27 7V 7ERELT, KTFDOIZRVX—IE E=hy, i
Bl p=h/A=hv/c TROIND I EZBOEZH, B 2N, HFIo0T, (134)
DIEAL L T 5,

5.8. B 77 —3hR ENATAE (aberration)

BRI DOLREEEZ 5 & &, BB bL 2k (k| =w/e). ARBEZ w &
LT,

(k,iw/c) (136)
FPUILR 7 PV TH D, ZDEIIE,
k-k—w?/c*=0 (137)
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EhD,. A= L VYIYAERTHA I Db S, £/, TUWLXR7 F L,

(.T,y,Z,iCt) (138)
EDONEZ LD L,
k-x—wt (139)

X, BREEOMMHZSZ, Zhbua—L Y Y AERTH 2,
KRE, ZD 2z FNSHEE 0 TES K' Zoon—L vy Z8#ip X (105) &, VUILHEE
DIER (122) 25,

K 10 0 0 k,
/
1
Kol o 00 ky (140
k. 00 v g k.
w'ifc 00 —ivB =~ wi/c

WBDEEDNPDS k| =w/c, [K|=w/cT, X7 PNk yz FRIICH D, BRI HED
S L0l Y WMORTAZ0,0 LT DE, ky=(w/c)sinb, k= (u'/c)sing’ k, = (w/c)cosb,
k= (W /c)cos® THD, £>T, (140) zF ST L,

w' sinf =w sinf (141)

W' cost =wy(cosh — 3) (142)
w v

w,:w’y(l—ﬂCOSQ):7<1——COSQ> (143)
1—(v/c)? ¢

E%, A (141) & (142) DIHZEELS & |

i \/1—(v/c)?sinf
tanf’ = sinf (v/c) (144)

v(cos® — f3) cost —v/c

S N5,
X (143) 1X, KORY TT7—RIMZ S 20, v<eDEZE, (v/ec)? DIEZ T UL,
g g
W =w <1—ECOS¢9) (145)

C
LD, HROLGGERU X9, IFHNGRINAR Fy 77 =R 2K T, (v/c)? DIHZMHT
Shwve . :(143) T, 0=0. JEIEEIRRTT 1A & WIEIEE) L T 5 & SICH RIS
52 LR, INEERY TSR LTS,
K (144) 1, HIEROAHEIEENC X > T, B2 6 DNDOER (LT %5 H1TE (aber-
ration) Z#HH 9 %, HIBROAEHEIL, v~ 30 km/s, v/c~ 1074 TH 5, HIBRO AL & FEE
FD6RBDONDIP>TL B LEE, §=90° DT,

tmmu:—gM1—@y@2 (146)

‘(\‘%Z)o
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tan(f' —7/2) = —1/tan® Z2fi>7T, ¢ —7/2=a £ T % & (T XZH)
v 1

tana = —————. (147)
€yl=(v/e)?
> ‘ZZ’
a
C
\/ V; v
yy
FERERIIC 1, A RZ P LDOREZ DS
tana = - (148)

C
SN BH, T (147) T, (v/c)? DEZ WL 56 L —%T 3,
Wv~m4ﬁ\ﬁﬁfﬂwmy SXHET %, HEROAFRD 7212, ZEffi (HuBR D K yE
FOSADEN) ICL > T, BORPFOMEIZRA £20" 2T 5%, (v/c)?~1078 1%, AN
TlE ~ 2 marcsec (2 VFA) ITHIEL TV T, ZHUIERDHRREDOBINIE R THEHI X > T
ARETH 208, ZNLADIZ L A EDRIBIMNC B W TIZEBE DM IESRRELL T 2D T, B4
LTouhibw,

6. —RAENIEIERR

S F T, RIR EDREZ 2 R OM OB (K1), R & KRR D H D24
(H2), v—VL v (A 3) 235, ZRITAEM F 72 IZPURTTRZZIC B T B EELE LT, £o7:¢
U EEZHOTEREIN2HE2 R TEL, o0&, ZZHEPEBEATORVLD T (=HF
22, X7 PVORE I FRES L, BETFNEEINICIE X S d ot (=W TS, 2.y, 2, ct
ﬁ%iﬂfu&m%;_ifimhfw&wﬁﬁ%&ofm%@f\b®i? R 2 BT
YIRS A TZIRIE DY, BIEOME TR, HIJOFETRMBEATL 20T (=IFFE2EM), £
@ﬁﬂw%%u%ﬁ%m;x@ﬁﬂ;\L%@aﬁéiWXWQQ\ﬁ?%t@%tﬁof<%o

38 T LAFERBEZRAL RW I, BEIE, HIRONEERY, ROEMICHAREHTE R L E E I T
ET. ZOREIIFEE COMICRET 2,

39 Z OffiTld, ”Exploring Black Holes —Introduction to General Relativity”, by Taylor and Wheeler, Addison
Wesley Longman ZZZ(1C L TWE T, HAGETHIEGE TS —ANEHGROBBIF ZILD X ) I12dH D £ 953,
CEDIELZIRD . S —HFERNTHO2 DR TLERIETL 7 (Lo LEANZEH LD RBETREH ) £¥
Yo
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PIBIIC I, ZE, EODEET 2508200 1I2iE, FRRMHE R <l 7 < T—RRAExT 1
EERDSLIE, L9 Z LI 5w,

6.1. JaprENR

H S SEEGHEE) LT 2 SR ORITIE, 3 (102) TEZ 55 UXRTtis22h o — ki
o "MEREE, IAEETHo72, ZODRDOMDERZERL (v —1L vy ZBHh) X, X7 LD
BIZZZ 70, WRITRZEICET 202 R T TELEH, EEZTHRWI ER2RTE,
FiE, TUIENZ RITTE/ PEEE T, RNMEESEE) 2 L TR WEEICDOARKILT 5,
CDFEMEDAL L T 5 IR 2B MER LS, EiRTlE T2 T, AR
BAZETH S, BHUERICEBVLTIE, Z2—F vy OFE—EADESZ L, TEIEL Tw 3 E 2 I3k
LoD, HdiEH L T3 E / IFEHER L >0 %, #lZ2E, BERTHPICRA—LE
FioT, Z2ot 2Nz L TAHA LI, DD R—IVOFREEIIAZE T, ZNUEEIEL DD %,

WOt WZALRRIIBFEICHEET 207259 2 HEOMFUTIZ L BHERIIFAEL
RO, INEEEHICLDEBEAEEEARIXBTERWLE VI EMREBIC L > T, =l EHEME
NEHBEH Lo, BREMERZERTHILENTE S, BFMEERZES2 > b ToHL
DEWHER, BENCEREETCLE)ILETH S, 8 A, FHEMITTEPA T, K,
B IZE T, WALALRRED L DENICHEZ A T2 FHMOHR, otz X—
Y —OHFHIEERTH 2 (bW b TEEPRE,) ), FHIIT EENP RS BE, L5
HT LRV EICHEE, BEHRTHOEZICTOEET S (AL o), Ehicy%
B THHME T T2 2 8I2LD, BHOREZITEETILIZITES, LW DR A v 0,

7o & 20, FHEMICES T0 5 (/MRS FHHD LTz w) BERAF Wi %% 2 T,
ZOHIZHEWICERER L T L RTMEERE2EZ S L, ZOHVWEOMEEA I —L VY
BHachHZ o s, EERZEDHIC L PFETE RV 3, UTOREHEETO» %, &
o HIERICA» > THBE NI 25 HhzE 2 L9, HH0iE, fMotinizzL XR—=5—0
FTH R, F— x4 OFHRICHET 2, b L w8 esB R TRMBEATH R
7o, F—IVORRIZZEML 2 WIE T2, Z2NZFNDR—)VIFHIERO LI D> TS
TWLE, HIBROPOMGEVIZ ) DSEINMEEIZ R E DT, TR — )V ORE T ) D FHFE 1%
far, MO XN S,

ZDEHIT, =DODFDHTHINC I > TENPELRLZ I EICL>TERPIT EEL 2
ZEHNES ), MW HICE>TA4DDR— VORENZE L7, EEZTHLRWL, BHD
T, IWEPTPFH TR RS EEZTH, RCHUETH % (FMiFEHIC X D, WFHIXX
ATERV), MW OMEPEHETE 213 E/NS REBRCRAMEESR K 2E8#8 T2 2 25T
. ZIUSHRHESD T 2 BETEN R K oMo EEA Iz —L vy AT Z 5 G, —

40 #y ¢ THE (MU EHEBL 21T T ARSI, EBA TR LR HERE NS¢ ABRICEE 2 EBT 5
MUV B ) . RATHEO v 2 v 2] TRWRIIRAT (3780 v 77 74 ) 2BRICHEBLT 2 50
HIPREZ > TwE T, HAMEERAVEHTDOY = 7% A b (http://www.mglab.co. jp) IZiF, MEEH 5
SROBIE AN A5 B> THEAWVTY, Fo, TEE O, ALHE LRI X, R CRoABIE O MH )52
Wtiae 23d > 7= DTE D3, 2003 FFICHE L £ N6 HEI N Z ) TT (http://www.noobowsystems. com/

scenes/0108-zerogravity/zerogravity.html).
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Ti. W I OENRHEATE L WIIERE LM 2 EATR R L2 ERT L E, Z2ITld=a—
P DOEEHDR D 2o TR LD T, ZHUFEEERTIZ R,

A A

5w el

o o
L e _ ©

» »
> >

Fig. 6. 2RIV T, Bl X ) IR —ADEEI N Tz, LIX6 KR 72 &, Hfllo k9
o7z, 2t HBROHPLIZHED2 > THET LT L R—=FZ =D 2 AR L7 b D,

—fic, Z7u— L REERIIERTE R (IKZEEZHRTR V) DT, (102) IZB7E
7. Ro b, ZOoDRAMEERERE DRI,

ds® = do’® + dy? + d2° — (c dt)* = da”? + dy”* + d2"* — (c dt’')? (149)

WIEALT %, ds® 2 A B Y 7 (GHE) WS, —AEXEERIC XL, RO MEERA I
LT, RNz ERIEAZTH %,

6.2. 27NVl FIRZE

HEMzZ2Fb, FEL TR WERNRZRKIKE2EZ X9, BHOWEICEXD, 20D
DRFZEIZFEHTIE R\, ZZ, V2TV V)L REZE EMERY . ZO401IX,. ZD X9 IR
% N TR T2 7MYV ARRDOBEZ, 27 LY )V FBFERE L 7-HI
£ 5,

Rz 6, AR EZ £ TDIC, MEREZHWS EEHTH S5, Rikoirl., B
PEHERE r D BB L OBLNE D35 5 I 2 dtgpen v 120> THEBEN 2 BEHEZ drgpen &5 &

ds? = drly + 12 do* — dth, (150)

Thb, 2T, BREEr IZME%Z 2r THo /B E L TERI NS,
T+ OBME DT> T B PEEEZ rpt ETDE, XYy 7
2 2
ar 2-+r2d¢2—c¥<1-2G§@k )dﬁ (151)

EEFBI LD TVE, TNES 2TV IINVERX MY vy 7 EWER, cl3H, GI3H
GEIEBTH D, 2GM/2 DS, BEM OREDD 2 TILYVILRERTH %,

KRG EHIRD S 27 VY )V FERIZEZTE Z 9, G=6.6726 x 107" m?/kg/s?, c=
2.9979 x 108 m/s, ABFEE=1.989 x 10%° kg, HUEREE =5.9742 x 10** kg 225, KD 2

ds® =

A EfE LT WA RIEDRE D ORFENRH—BETH 3,
2 22T IR LDEEIE, ATy IV FER LD NI E Z w7, ERE2EEIN GO,
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T IOL FEEIE, 2.95 k., HUBROD S 27 )Ly )L R0 8.87 mm™*3,
(150) & (151) & bR L <,

Iy (152)
m
(152) 1, EHEM-> 7B MOR S E, Mz 2r THI> 7RI IDORVWIEZRL TS
BRIl 2EZTHE I, RICSKBERD 77y 78—V 283H D (2270 )b FERE
2.95 km), r=4km 2°5 r =5 km £ TOHEZERE, GSR2/l>TE>TARL), ZOR
SN

drspen =

v dr (153)

2 dr "
Arshell - /7“1 \/ﬁ - ~/7“1 m

ZIT.r=22L92L, bio b HBEIEDEDIEEETE T,
2\/22 —=2GM/c2 +2GM/c* In {z%— V22— QGM/CQ]
21=2, 2 =+5,2GM/? =2954 #RAT % &,

Argpen = 7.036 —5.313 =1.723 km (155)

DESNS, BATORL (=EPEL T0RWw) ZEHTiE, MR, ZOEMEE 1 km 1Tk
21X 37208,
72, (150) & (151) 225

2GM/c?

r
Th b, (156)1F, BHDEE AT, FKEOHEARTPEN L2R L Tw5, Ky ay
WOV B r e 2G M/ IZEOTUE, dtgpen WS LTH dt IZIERKIC2 S, koT, &
ZIET7 7y 7R = —ERRTEE LA 6T 2V S T &) T2 ERET D 6Bk
e, a7 YL FERIGED I ONTZOMBIZMI T E, U TERICR S (€
JIST 5w 7 AR—IICTEL B E AR LTEMITE 2w 1),

Fro, RIKDUE L v CTREHEINE dtgpey ORI N OGRS/ L &, ZDYTIC

BT 2 MDIRENBUL vapenn = N/dt gpen FEBRETT TRIHIL 7[R CGOIREIEIE v = N/dt TH %

P, (156) & 1.

z2

(154)

Ar shell =
z1

At gpen = 1|1 — dt < dt (156)

2G M/ c?
v=1/1— /e

Ushell < Vshell (157)

TH5, JUd, MOEDGHL S S NIOEH, MR CEINY 2 IREIEDVN S v
ITTND EDEEBEVIEI ICTNE) ZEZ2RLTWS, ZUDBENRARETH 3,

43 3 km, 9mm E®ATEIIRAEFELD 3,
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6.3. 777k —)

Za— b NFETEZLE, HEM, FREr OREOBREEE veeape FATFOXD 5
RE 5,
L2 = M (158)

5 Vescape =
BEHEEE (X, BEOBEENPIRZWVWIZE, FEWVNIVIEFERES S, EXE D, r 2MERIC/NS
(782 L Vegeape FTEBRICKE S 2208, 22 2HIEH DGRV, 06, 77 v
7F =iz, ZOBHEEIEHTH 2I1ZEES TUNIWRE, H2 0k, FUHETH D5,
MERRREST»S T ) ZIEE Lz & B PEEIEHEICR 2 I1ZEHL TS WRIK, EEZTYH
Ko, SRR (158) & D BiHEREEDEH ¢ & 72 2 PR8I,
_ 2GM

C2
EhD, ZHIEEB M ORMEDS 2 7))L RERIC—IT 34,

HWHEOE (FRVIR) X, GRS X 2 TEZR>TWT, ZOERIET 270
VI RERI D BIED2ICREV, ERAEENENT 2 120N TIERME SORDSHEA, B8
WSO a 7N TE S, ENEITEER2EC LRI, BEShizarasgkins, z2oa
TORRFEERDOK SEUL T ThHIUL, ZUIFREFEICR S, PHETFREEPETFHOMIIIC X
DEZE-> TS, BLZDa7BKREEON3IMHUETH 2 IEHWIE, PHEFRIOIIT
bZOEIEZZoNL ), EHEEZEILT7 7y 75—k 5, HEEL TR
T 7 h =D (DEIBRLD)D, a2 TV RPEREEZ T,

HBE, Z2DEIRT T v 7R —IVRIEDN, BLBHSINTVWS, 77y 75— V%7
B TESETEOREEEREZRL TWR L E, BHEOENLS 77y 78—V E 723k
W/ DEEEL 22367 b T L EICMBE2ES, SN2 BEEMRR LS, BEMED 2D
DEEBRIZE D, ZOWRBIIBTHEICRD, ZNDBBEEFICE > TXMERETS, 20X
LT, HHEFREIZZT Iy 78—z, HA WX E LTBllENn s,

T, PHETFEE T 7y 73— ED LI L TRTT D729 5?2 X BroWE D
5. POLREDHFUETFEDLT7 7y 78— VD HENZTE 200 RIEODEEZ KD 5 DD
ROMEFELTETH S, HERICEWT, WETFREEFARZ 77y 78—tz L T s #
EDARY MIVED Ry 75 —=8RH0 6 Z D#EN O, TEFEERIE T Iy 75— D
KIFTENZMETE S, 206 ZOREOEEICHIBEEOTF6NEDTH S, 20K
HEOM3IFEU ETHIUE, 77 v 75—V Th 5,

b, RGOBEIEN LOEEZRFO 77y 78— Vb ET 5, Z0613%
DI DOHFDICHFET S, PED, Z20Fb ) OREPHBEOEBHZHMT 2 LICL>T,
HFOLOREDENDBOPD, Z I 0EBEDRIEATE S, A DIRMOFICHZ 7Ty 7 FH—
IVOEEIX, 370 I KBZERETH 545,

(159)

r

“Z o BN Z o TL AL DT, BETIE R SIS,
B D KRB & DIFE T —~ D—D T,
46 http://www.mpe.mpg.de/ir/GC/res_dance.php 7% & & 551,
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6.4. > 27NV FIRHED GPS D)

HIERDFREIEZ D> 2 7 )V )L FRERICHARTIE 2 DITKRE WD 6, —AH R G
DOFERIZ, HEEIETIE, ZEAERINTI R, UL, JEHIC *ﬁzmﬁﬂm foT, e
MNP RO EIBI S N5 3D 5, ZDHIDIGPS (Global Positioning System) T 5,
GPS 13, KD D 2 2 Z L 12 TR 2 24 OB EZ vTw 5, 3HOHEED) S
DIEME R FERED D UL, WK B H & @ 25T OALEDIEREIC D) 5, FED S ORI, b
DFEHRZ & ZERZN D IEEZ BN TRD 2, RZOHIEICIZ 4 DD DEE %M 5, HuEk
Lol InsTh, (AT TOIUR) HIC4ODEEIZETE 3 X 91, ARG
BEINTW5

H BRI C FGEHE) L T 2 8L & GPS AL L TATGEE) L T 2 BIHIE 25 2 517,
X (118) & FHERIC BN COEARZE Z % 2 LD3TE S, K (150) 225, Kifkd & BhELHE
T3 (drghen = 0) D HBECTATRHEE) L TV 2 JEELRICTE S 72 A (dp = 0) Dt 5 BEH R Z dr
I

cdr? = —ds? (160)
725, (151) b T,
2 2
02d7'2 = C2 <1 — %) dt2 — 1_62%/62 — 7"2 d¢2 (161)
L%, TETOBMENZOEH 2L TR LS dr=07205,
cdr = c? (1 - %> dt* — r*d¢? (162)
r
Thb, £2T,
dr\’ 2GM /2 de
2 (AT _ o4 _
() - (-2 (3]
2
=c? <1 - %> — 2 (163)
r

CIT, v, MIROHEHE, £7:13 GPSHEDOHIETH %, HIBREKIN O BLNIE O A7 R H
% dtegrns N THTE EOBE OBEIGRZ dtgene £ 55 &, (163) 2, HIFR E GPS i1
DWW THZR- T,

<dtsatellz’te>2 - (1 - %) - (Usateuite/c)z
dtearth (1 — %) - (Uearth/c>2
ZORD, HRICE T B & . GPS RSB DR DEARTT DT INE T, ronenites Tearth
WEHEERD & 2 7 L 2L RERICHRTIE 2 I KRE VW6, W OO HRETH 5,

(164)

AT HBRIZEHE L TR B DT, BEEICIES 2T VY YIV R X P Y v 7Tl A—X W) v 7 %095 A H 2 D3,
HhBR O [Al R R I R T/ NE VDT, 2T ALYV EX Ry 7T HFIROIERICE>Tw 3,
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2 1/2
dtsatellz'te -~ (1 — 2GM/e (Usateuit@/c)z)

~ Tsatellite 165)
- 73 (
dtearth (1 - 22{1{{,12 - (Uearth/C)Q)
GM/c? GM/c?
~ (1— / —<usatemte/c>2/2> <1+ / +<vm/c>2/2>
T'satellite Tearth
GM/c? GM/c?
1= e 12+ L 02 (166)
satellite earth

22Ty Vttives Viren PDIEIE . FEERADOER 7210525 S 1T 2HICHEEL £ 9. GHA- T
BIDS, RO, B X 2 OMEA T OE 2 RT, COR»SEEBICHD
% X910 (GM/A) [Tearn & (GM/) [Toaseniite 12 ES 5 BIFFITNS BBTH B85, Z DEL
DT\, LI I EBARENTH S,

GPSHED D 12 E V) T ED S Tearenite & Vsatentite 2 KD K 5o FLEEI DA

A 548,

2

Usatellite _ GM 167
_au (167)
Tsattelite  Tsatellite
2w Tsatellite
Psatellite = . (168)
Usatellite
IhzZL T,
9 1/3

o (G Psenive | 23 (169)

satellite —

472c2 ’

2rGM yﬂcwg
Puatentite ¢ '
GM/*=4.4x10""m, P=12Kft]=43200 sec ZfRA L T 7sarenite = 2.66 x 10"m (2 }7 6600km ),
Usateniite = 3.87 X 10° m/s & 72 %,

Tearth = 6.37 x 10°m 722> &, (166) ITfAA LT, BN X 5 02, j1i0n V200, D Z LT
%L,

Usatellite = ( (170)

dtsa ellite — — —
ﬁt”tz1—465xu)m+691xﬂ)mz1+626x10m. (171)
earth

HODOMRLE T2 HBE L 5A,. Z0HEEGT, EOKRR X b ALHE LRI D1Z 9 23,
WCHES Z L1270 %, 7272 L, T CIRERIENGR CHAE X 9 I, N GESREFORIZ D -
DML . koT. ESHICATHROMI LHEOEIDELEZEZET 2 L. Z0FII/N
X213 TTH2,

Vearth & L CHRIB LDOEZME ) & | vegrn =4 x 107 m/86400=463 m /s, (166) IZ vyutertiten
Vearth DIAD AT,

dtsa ellite — - - -
ﬁt”t%1+626xﬂ)m—832xﬂ)“+012xH)“m1+444xH)m.(N%
earth

1 Z ORISR AR Z o TR VLR, ZRTHER I TH S,
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—H (86400 #) T, ZDF UL, 38~ A 7 ufbick s, 2o, Hid 11km biEd! 2
NZEMHELRWE, GPSIFR Vb DICR S RWnES ),

7. BRAEICBITZRDEELRIDOEHR

Za—bUNERYATOS E EX, RN GERICEBRER GIIA->TETH,

clEAST I o, ZHIFENICES>THEL 2 7 DI DI ¢ IR TIZ B 9020
ém% DHEZERSTELPLOTH S, RN GROIEEEN 22 5 RRciZ, E2TH 0l e 23
tt'.“c< 205, BHEHE-> TR DT, GIEHETI v, EHICK>THEL 2/ DI DIV

ICHR T T E R WEEEZI ) O, —REXMEER T, Z20REATEACE LD
ﬁﬁb&f<%o

b9, HARTEHELRERD 7 7 v 7EB AT, ZIUINIS B AT —NVIZRT 2
HHES 2R T 2E8FHRICHTL 3, 7L, YalFa Yy H—ARRKITIZhIZTTL 225,
ch GHHTI R, iU, FBRFOEEIGEVLEETENAST\WS 2 L2 EEET, BN
FHEOENZERL TR0 6 TH S, EFICIE, BRFIOGHRISE VHE S CEE) L Tw
5DT, B—L Y YAERZERL, a2 LT 14 i —HRRICRHAEE GG O 2 % E e
LT 2y O ARRPBEICR D, 2 ISR h & e HTL 5, 208, il
L, BIETIZ, ABARRICHET 2> 0 )], B, 539 HAEER, AR,
BEOMEEHD ) &, EOMEEHZDZL Zo%2 328 (h & cZHVTRBIN2)
5L DOOH 5, 2D LK) REREMEET 21213, FRT-21F & A ENH F ThE L Tz
IHT, ETEARGIESICTZ2REDNH D, ZD7DHIZ CERN @ Large Hadolon Collider® ?
X9 B BERIESR IR T O T WL EERTH 55,

Iolc, FNTHEOENF TERICANT, 4 OOMAMEHZHK—ICHIHT 2 PG,
mc\Gﬁﬁﬁﬁﬁf(%ﬁ%i%%®ﬁ%5#7%®i5&§?Eﬂﬁ%iiﬁﬁfbtm
Pl b, ELWw, A RITANSNTWVE DI, T/, %G)ot“)tif% A DR 1
B o CAIUTER TN C BEHDOREPHETH D, ZUdH BTl iTT&T%%O%
mﬁ%ﬁtfwéwu\:@?ﬁ?ﬁﬁvﬁﬂywﬁﬁmtﬁtwbﬁf\%%%Kfﬁ?%
DIFZEIX, By NV olEZEL RIS S,

7.1. T VvIWE. TR, 7o v EE

ETFENERIIRLZHFEL RORED, EDL SV, B, HiE (BE) OR7—
WV TERFENHGRIDIEINC L > T 202 L5 2 I3 TE 5,
G =6.6726 x 107" N-m?/kg? (m?3/kg/s?)
c=12.9979 x 10® m/s
h=6.62607 x 1073 J-s  (kg:m?/s)

7L, hZ2or CHElo, hdRL{flibii s,

49 http://lhc.web.cern.ch/lhc/
O BRI OMRHE LT, BIH 2 EMITTTA. http://www.kek. jp/kids IFR{ELNTHET,
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fi=1.05457 x 1073 J.s  (kg:m?/s)

DG, c,h DHLL (Rot) #7 v EIC6 AT, HE, £, HE, o ILEEDOHAZ
EoTHhB, TN, TIVI7HE., 79008, 79V 08R. 79V I0BETH S,

h
Planck Time = 4/ —? =5.39 x 107** [sec] (173)
c

h
Pﬂanck<Lengh::\/—45::1L61 x 1075% [m] (174)
C

G
5

Planck Density = % =5.16 x 10 [g/cm®] (176)

77 v IR, 77 v 2R, BIEOYEYTE Z o 5 R & EE D R/INFALITH
(BHEASNTWAYIEEE £ 912> TH ., TRMI EEOER R I EN L, Ev ) H),
FEFICKRMEIBIZZE T, EvINU DS 77V VRO FHEOREIN T 7V IR, 2D L E
DFEOBEENT 7 Vv VEETH D, 2D X9 BYIIREZ AT 2008 FENMRTH %,

Planck Mass = | he _ 2.176 x 107° [kg] (175)

8. _1ARIgE

T2 ETOHET, NLAR (3H1,6.4 ), HIROAEES) (5.8, 77 v 7 h— )L
2R (6.38) OFFENIHTEL, IS HGEL T, Zo0RIE (W) 2ENIMHEIER%Z K
LAY, ZAEBBEE LTI 2 ENTES, JHuFE THEEDPDEL W0 SR
BT, YOMRL TBE L0,

TARFEIZ, ZODOERD O R R20EH 2R FEETH D ZIUIBITINICRT 5 (=
ez X TRTIENTE D), ZHMEZBRVWTESNSZXKEDOHNEIE. BOSRADREZVE
DDERET DEM. BYIR. FLEWEIRTH S, s, 777 —REDRZEEN D
SIEEL L 72 FRE I, TERE OB IE R Z O L DDEE L T 2EMNZi ) L wIT TS—DE
—EAESIZE» NS,

FHICII S SADKED D 20T, BELZMEZRDIZaryEa—Y—2ELE T,
72 A OMNDES) TR E BUENICIRE S & EBRELDITED, L O, ARREIC,
D KR K 2 Wil 72 5228 (1BE)) 2F 21U 93 Th b, 728 213, ANTLEROEE 2 L
FIIHIERDE DA, (Kb H D283, REOME 2 & 2 REOESTD A (flhod
BREPHEOHEIIIMD) #& 200X, Kk, FED 3,

8.1. ARRIEDH

HER DN ERAGE 7o RIRELH % 47 9 BS, HIBRONEEB 2 ZBICANS 2 EDEETH S, 2 &
ZIE, 2OV — (S L CO 2 ETR) 08 4 S v 7 BINEFTS L&, HIERAV SOV —IC
FEDOT VLD, I Do TR0 T, AT EO VAR Y 777 =211 Ik - T21k
T5, TNZMIET 572010, HBRORNHLEBE) 2 KRR E . RIS DXV AZETT % &

44



ZITE, 20OV AFERA (pulse-arrival time) %, KFzRHE L (barycenter) THIE L 7T
95, Z#1% barycentric correction & FESS,

HEDEH., ALREDES: KR L KGO AKREZ HT, REOWHEIZ, 5 8.8 fiTHil]
THHENER 2HOTGlAIN G, & 213, THRMER) 2R 2% &, 200 OWIENESE
DRI I N T 5, HiEkE ATHREO FREZMWT, ALHREOWED . #LE/N2E Tl
WIN D, HERRSIC X 2 BELP, IRV L Tw 28R Ik > T, ALFHEOHLEIZW >
CHEEL TS, XoT, MENERZTHEIE, WOHMEL ZETH 202K T %
WETH 5,

BEPALHEDOAEZNE L 72RZZ 0l (=R v 7, Epoch) EMEE, TRy 7 Lifi
BAREREVPEZ 6N 61, ZOHIEOKLNCE T 2 ZHEP N THEDOIE X, I RS %
ENTEL, NIHRED THE7 7 4V 1ld, NEEPZ Ry 70 E L TH52 60T
V252,

RER: HiROHEJEZ B L 2 REKIZ, TICKGOENOFE 2RI, KazfRe 75
FIFFEMPUE 2 S KRN Z2EE T 5, BuEZ2KLZ 57010, RSP HICX 222N
A Z2MMT %, ZOROWIE X, HBKPH 2 &9 2 Blhfk, BRick>Tw3,

X #EER: KBGEHERTIE R WD, L OEEIR, HERZHR L TWw5, R, @FEORE
Lavosy bR (AERE, hETFRE, 79y 78— o HERIE, EHOE»S a v
R PRICEDEL D L EDOREBENZ AN —DHRINT, XREERLE RS, FFi
a7 FPEPEEEL TR REOSES, JiU X ER/OLY—E LTRSS
X2 Ry 79 —ROME» S, HRFHOMERH D, KFEZE Z LItk - T,
Z DB Z IEEICIRO 5 2 LI TE B,

DS X R OV — DEE DI T dH % (Joss and Rappaport, 1984, Annual Review
of Astronomy and Astrophysics, 22, 537 £ 1), ZNZENDOREH L, fEEDERIFVTH
%, XN A7 —VIFIEL SR ENT w0 % (A FTOREDI100 6#), HETROBERIZEND
KB 1.4My, 4U0115+63(e = 0.34) % GX301-2(e = 0.47) (ZHELE DR E WEMHILETSH 2 3,
HEDED Py 77 =R G HIETE 5 2 LITHEE,

5 13K D I AIRRELE:

T 2 1o 7R DS IGR B SN § 2 B 2 T 2 X 9 12, BEZ2 R 2 PikosE
42 LEARBEE SRS, E—BHNHEITFEL TS, BEHRIEHEHITHFH DT,
SREERHI N LRV, #E OV — OB & | I E I O FEAEDGEE S 11T
Wh, NILAETA T —IE, PSR 1913416 E WIHHE LY —%, )L b)) alcdh 2B
mEi A O, 1974 FOFRLCK, BT =4 —8lllZ#{7>7., ZDfEER, 2 O IZA D
DPLTOBL TwB I EWbhrot, ZiUIZa— by IIETIERIHTE R, —J7, &

51 KBFRELEZRDBIIITARTOEREZERICONE D, KEDEEN—-FREZ VL, Z2Th, KBRHELT
KoL ERRZFNIZETNTE ST, Kohicd 5,
52 HBHwik, TTICAEEPSHEINATHEDOMED, L DMlIrVEEE Yy TA>TWwE I EEH 3,
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Her X-I LMC X-4 Cen X-3 41538 -52

® @ © O

2M, 17 M, ISM, IBM,
SMCX-1  4U0900-40 4U0II5 + 63
@ @
17 Mg 23 M,
> 5Mg

> 30Mﬂ
100 4t sec

FIRERIC X % &, RO X > T, HE OV —FZ 2L X =2 R0\, ZHUT X > T,
WRZITHENEL L T, ZOMERRE LB S N2 b ey ) &3 L7, 2,
SHTIE (M) OEIEOBMINGEILZ L EZEZ 5N Tw5E, NVARETA T =13, TOHEMIC
X0, 1993 4D /) —)VYHEE 2 ZE L 125,

8.2. fyiEhE, thul ), AEBENERAH
KR ICB T 2 EHEDOAERZ Fve(t) &, #EHEjEp(t) LD/ rxp 2. A O ICB
TOHRD, KAt BT 2AEEBELF ) (LT, I TET, ),
l=rxp=7rxmv. (177)
FEEIE N FLik, r & v 2 EOFHICEET, Z20RE ., rol PEFRE2RTHET
b5, BRDE RO DI < RO R X

s 1
@ 3" xY) (178)
TH DG, MEHEETREED 2m (5 TH 5.

(177) BT U, SEB AR dp/dt = F %05 &

5 http://nobelprize.org/nobel_prizes/physics/laureates/1993/press.html i,
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Ar =v At

r

AS=|r xVAt|/2

0
% —rxF. (179)
FUEIDE—AV NERIINILY EMER, H BFEIC 28 o A E) R O R L o H)

ad. ZORANCERIER T 2 hoE—X v | x-—%F}L‘/)o
KRz, IoE—X v b3 u oy, fifiaEliz—EIcfh7zns, ZnzaEesERTA.
HLVIIHEBRERFALS ). IR TRTY, 200N < 2R O 238 554 (th
D), r & FIET2DT, rxF=0, £>7C, ,\'575‘57] > TEAO T IhhEBHNS
EEITDHEE. ODAD DAEHE L HBEREIEHF—EICRND. Chnrs, TEKEL
Kb 7% 6 S8, BAREICEDNE 2 ) EWIHI T 77 —0F RN E,LN S,
AEEIREOREZI || Zh &5, HERY MloZ el PATRED v, & TEIEZLT vy
WaBEd 5L, TR2GLDS K91,

v, =dr/dt,vg = rdf/dt (180)
‘(\‘% z)o

unit vector ee
[

Ar =Ar er+r ABee

V=Vrer+Vveeos=Ar /At
=dr/dt er + rdb/dtee

unit vector er

h=mrvg 72005
o do
h— 2 % 181
mir? o (181)

TH b,
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8.5 MWARHER

KEDE M O OFEINHI I CGEET 2 & Zid, O DAY OAEBEIRE T 2 DT,
ZOMEIXERIC RS, LaL, ICZODREBENTHEH -T2 % & FIT, WD
HHEjZZ 272 TUIWITR0D T, MEIFEMEICZ2DTIERWES ) D ? ZD0ELD %\ 2
RPN TR S,

e LT, RE(HEm) 2K (HEEM)DEb ) 2 IREHT256252 X9, %
NZNDHLER Y PV % v, ry & T UL,

d2r1 d2 T2

me L =F, M~ = —F. (182)
Iz LdbE B L,
2
d—(mrl + Mmry) =0. (183)

dt?
ETAT, R=(mri+Mry)/(m+M)1F, ZREKRBOELOMERY PLZ2EOTHIS, Ik
i3, PR/dt? =0, T b LRELIFRETZ T2 (WHENPL R Lo IEHHIEL Tw3) 22
ALTWw3,
—7i. (182) 6 XA HEIT 5,
mM  d*(ry — 7o)
m-—+ M dt?
ZAuE, RGNS 2 BEDNIE (1) —ry) 1T, HEEE 2L ORED D 5350 OEEH)
ZROIHEETHENATDH 5,
IO DE RPN ERIE L o CEENT 2 & &, 4 OB R OES X%
BRPLOME AR E, ~HOEREILELTOwE0D L) AR L L EDMIFTDERD
BB N (7L, EREMEERIC»OO TR E)ICESIZ 2 2 L TE 2, (RiE
(182) ZfE < b DI, Z & Eflizs—ARTE (184) Z R IFITR VT L2k 5,

8.4. ANILHEOPLIE, REDPLE

DR ) DA THEOWIEP, KD b ) DREOPEEZEZEZTAHAL ), BITFT,
m G N TER E 72 IR O R R 13, MBS 2 A TRIR OIS, &2 0idk
Bl 2 B D E 2 8,
9, HHE Az T3,
mil _F (185)
dt?
TH 50, BFRITHDOHENRT Fle, £ ZNEERT LHMRT ML ey 2 BEKT 5 MFELEET
EAD, BEOMESNY VI dr/dt = d(re,)/dt = re, + 1€, = e, +rley, TRINS, 5
W2z LC,
d*r/dt? = (7 —r6%)e, + (270 +rf)ey (186)

Lo T, EFGBRAZ BRI, AEGEICORL THS (LT L, 2z,

~F. (184)
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GMm

m(i —rf?) = — 3

m(210 +r) =0
L%, (181) ZH\WT, (188) X
Ldh
rdt
EFHIT A, T S IcAEBERRAAINCMZ S v,
F7e, (187) 1F, ®1F b (181) ZH T,
h? GMm

my— — = —
mrd 72

EDNF B, r=dr/dt=v, THHIEIFEREL T, LXZHEDT 5,

dv, h? B GMm
m dt  mrs3 r2
2
M
dwdr — h—dr = —G mn
mr3 72

m/vrdvr—/ = —/GMmdr
mr?’ 72

N h? GMm+E
QU 2mir? r

m GMm
2(1} +U9)—T—E

dr

2T, BEOEBAEE E L, 2, TRV X —REANC R S 2,

22T (181) A6,
d_dvd _ h d
dt  dtdd mr2do’
Lo T, MSIEB At 526 0 12 L T (194) 13,
m< h dr>2 B2 GMm

| —— =F
2 \'mr2df

2mr? r

(187)

(188)

(189)

(190)

(191)
(192)
(193)
(194)

(195)

(196)

(197)

EETL, ZOWTHRADr L ODOBREZEEZ DT, r & 0 D E L Tkoni, XA

X2,
B2 (du\®  h2u?
R —GMmu=E
2m <d9> * 2m GMmu ’
du\® (  GMm*\* GM’m' _ 2mE
6 YT 2
+ du — db.

2
2mE G? MQm4 GMm?
\/ 12 T (U ) )
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DWHEDRD SN Ll b, TIT, Ir=u tEREEWMT L, DTDXHICERT

(198)

(199)

(200)



u_GMm2
+cos™! — ZZMQ =
Ve 4
£ -7,
h2
r= GMm?
1+\/1+G22]€[Z —= - cost
Z T,
h2
~ GMm?’
B 2Fh?
- 1—i_GQJ\/[Qm?’
EEFETIUL, (202) 1E,
B [
"~ 14ecosf’

LT B, CHUREUE (KB E 7 ) 2RO -0 & T 2 HREROAT, ¢ FHELR

IR, [dr/vVa?—x?=cos z/a) Z T

(201)

(202)

(203)

(204)

(205)
HES

PEL E MRS D, MR, P2 R oW Tl > 72 & E OWR O T, hﬁ@<n
R (e = 1), BHIFR (e > 1), DWVWITNDTH S, FTRIC, Ea 2 EL0FED RO H %

ZN

r=1/1 + e cos 6), 1=30.0

100

0 50
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FRRZKBGORA D OFRE (B E) PHIBRO R ) o N T2 (FRER) ofiuEd . . i
Vi, WD ENdThH 5, (204) K0, HELHEe<le=le>1EZNZTNh TR T —
E<0,E=0E>0IZWIELTw3, Thbb, T FNX—EPADLE XX, NTHERIZH
BROBEINTFEM I T, HIBRDH D 2 i5H#E %2 fo AT 2, # Bz 3 )L X =238 %
2o, BELDEPKERD, LCOTHEIBEYIR E 2 0. ANLERISMIROEEZ BT 5,
MPLE T AL X —1FX alc ks, I 5ICHEEIT 2L =K E LA E. WRRERIIEIC 22 D |
HIHETHIEDO T RV F =% RO,

8.5. tEHhE

BHIZ, Zo0EH» o OHEEOMPEL WEZOR T 5D TH S, TRDXIHICE
Ffkz a, B2 D LT 5, BHOHMEIX rab THZA 6N 5,

O=0DHBA)=7/2DRDBQO0=1 DB CThH b, HUOER, F 2oz %E
25, ADNEHR., COEHETH 5,

TEIE (205) X0, ra=1/(1+e),rg=Lrc=1/(1—¢)s £>T,

ratro=2a=1/(14+e)+1/(1—e)=21/(1—¢?). (206)
Ihno, BPEREIER
a=1/(1-¢% (207)
LEIFZIENbDS, ko7,
N bl (208)
T e T e T T

Eho, TRICHEWTHELEED OF =a—a(l—¢)=ae Th 5,

A

B
R p
b 1]
T
/:a 0 .
cl O~ae— F JA "

RICHPeZ 0 & e TRDOT, HHDOERLD, BF+BF =FA+FAT®H5,
BF + BF' =2vVa?e2+b* FA+ F'A=a(1—e¢)+2ae+a(l —e) =2a. (209)

Xo T,
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V' =a*(1—e*) =al. (210)

2T, (207) Zffio 7,
(203),(204) & (207) & b,

a=—GMm/2E. (211)
DF D, WUERPRE, 2RV X— BRI THRE S, FHERIC, (210) & (203) Z2ff> T,
V> = —h*/2Em. (212)

N "oODRIE, Mm, E.hDEZon6lX, —EBNIZa b, DF DEMLESRE S Z L%
EbL T3

8.6. 177 —DHE =]

FHOEEEE o FEEZ L E L EE, ZOHMEIE mab THZ 615, AEFEY
he RIEOBEEZmM ET2ET 5L, MEEHEZ L/ 2m TH S, LoT, RIEONEEI T 13,

= am’ (213)
Ths, ZIT, (210) & (203) ZfEi>T, b=Val =L /2 725
2ma’/?
T = 214
Ve 2

i, TEREONEFNO IS PER D =FICHB T 5, L) T TSI —DFE=EE
TH3,

8.7. HMEEDGE

FLEEI DG (FHELH e = 0) OFEE TR, B r, REEEZ 0 & LT,
2 GMm

m— =
r 72

ThHsd, MITIE, T=2rr/viZh5

2ma’/?

(215)

(216)

%

LY, 777 —DE =B S L,
8.8. WUE/NESR
HHRA (AR y 7)I2BT 2 NTEREOWE (—MICHMEH0E) & 2@, UM TRd#
BRERZHVWCGIATE 2, X713 TALHEO N ELRIEHANY R 7y 7 kb5,
o a:WIER PR (semi-major axis), FHLED & ik, FDFE,
o LN (eccentricity) e = 0 (X HIE,
o i WUBEMRY (inclination), HIEROD ARG & A TR OWUEIRI D72 § 4,

> http://spaceflight.nasa.gov/realdata/elements/graphs.html b Z%IC
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Y (BDR)

TFE
(a) MEARER(ZD1)

Fig. 7. N TR OB % 5§ 2 N85, TATHED I EHNY R 7y 7,

o QA HIURFE (right ascension of the ascending node), 7#0 D & F ., HUERD R R & AT
R OB DT 5 K DFFE,

o Wi G (argument of perigee), MMBLE DY G, AR D> 6 Ml THT A A SHLIEH
koL ZiksarzEkod,
PESDDNT7 X =% —TluEIFRE %,

o M AVYARHEEA (mean anomaly), 52 67c TRy 7128 2 ATHEOHLE [ TOfr
BEZERT,

X8Iz, 19874E2 A5 HICfI B HIF o, 1991411 H 1 HICKRARBICHEALL T'E
A3 B DOIESNBEEDORIZLZ TR T, e 00256, (ZIFMILUETH 2 Z E3b» 5, HiEK
DFEIE, FI6378km 72026, EADER OIS LIFIROEEIX, #9550 km, LEMER @ A3,
PEADY HEPH D B o W2 FE MBI OFBEIHIE L TWwa 2 EICERL &
9, HIERD HEHEZ R i, NLAERIZERICH 2%, ZOfHE, HudEiiass
FTH DRI 3T 5 2 LIl k B,

b LEADE OBE O HIBRIZ N T 2 N 2 E A ZE L 51, Qb a,e, i EFL IZIE—
EDIETTHDH, QIFFMICZLL Tw3, Ziud, HIRDFFETH 2HETATHED
WLEL 22T 2 L T\ 5720 Th 5, 1ZIFMHEZR DT, EHISOMEZRbT widd F
DEWE R 7270,

Sy avOETIESICES T, RRADEBDI-OIZ, 28I a 5D (FEIET) L
TWBZ EDRbhS, Flh, b &L EHLRIINICIZIFHIETH o725, HEIET T 5
WZONT, IHICHIE» DTN ThEFIN T, BLELFEDLTWDEZ E3bh %,

X (214) X0, a DSFHEOREHBKRO 515, HIBRD S 27 )0 2L FHEE,
2GM /> =88Tmm Zfi) &, LD X)) ICHHICGEATE %,
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Ginga orbital six parameters

: ———————1———————————— 7000
~ F 4 6900
§, 3 - 6800
° b 4 6700
| | ]
L T I ]
- 4 0.01
o f ] B
- 4 5x10"
—_—
- 4 31.1
E‘D - -
O - 31.08
- - 31.08
| | |
F T ] LI
- 3 300
¥ F 1 200
Z ]
g E 3 100
: : : H o
- 3 300
§° 3 — 200
3 a 4 100
: : : H o
- 3 300
p= - 4 100
C ! ! ! ! | i ! ! 1 | ! ! ! ! | ]
0 5x10" 108 1 5x10°

Seconds from the beginning of 1987

Fig. 8. TAMVHEIROIENRER OIS LiFH 6 KAEHEA £ TolkfHZA1l,
71__2V§waw2ﬂ:__2v§ﬂ(a/6900knﬂ3ﬂ(6900knﬂ3ﬂ/(3000m)knﬂs)

\/2GM /c? V8.87 mm
= 95 min(a,/6900 km)*/2. (217)

kL TR o N PER E o DBIRZXK 9 12RT,
EADHED X ) IMREEOHEIZ, —HICHIROR ) 215 FT 52 E3bh 3,

8.9. FrikfiE

HIBR D H R B 23 REfE] 56 47 4.09 # T %5, (217) 226, AN LR O NI H iR
JAMIEEL K 2 DIE, a=42200 km D & & (FFEEIFHFY 35800 km), #ME L, CORIICH S

%5 24 IFETIE A C TR, KB L TR U A & 127 2 LS 1 H=24 I,
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Ginga orbital six parameters

: —————————————————7 7000
3 1 6900
i < 6800
3 4 6700

a(km)

- — - {oe
3 -1 94
3 92

P (min)

Seconds from the beginning of 1987
Fig. 9. TADHIE OIS LD 6 KRB HEA £ ol R Fek L RIHO 21k,

R IFH D S R THIEL TWE X HICRZ 2D T, BIEEE LIIENS, HICHE»S B2
TV LHEND 2BEMHE, BoXAHE., KR AR S, kg IciTs Eifons,
8.10. Two Line Elements

WENEECHEDOWE L H AN BT 2MEZEDT I ENTE2DITRED, 2
nEEMAERE S oI EA, BEEENRS 2 820N Z2E#%25la8§ %, Two Line
Elements (TLE) £ §)PENLZ 7 x —< v b 23H 5,

NORAD (NORth American aerospace Defence Command; AL 7 X Y 7 #iZ2 5w B el &
if;http://www.norad.mil) (X, HIBROF D ZRFIL TWw 3 (121F) TRXTOANLHEZE=S —
L. ZOWEHEFE%Z TLE TR L T3, TLE OFHIZ2\WTi, http://science.nasa.
gov/Realtime/rocket_sci/orbmech/state/2line.html Z &M, Z 206 TLE DEHE%
10 1IZHHH8 9 %,

WOER e a DD D IZ, —HH7 D DFRETH 5. ”Mean Motion” 2¥flib T %
SR, W OPDFEICOWT, BRI TLE OfEZ JCh & ), BIfEMERZ JH[R L T
W ALHEREDRFD TLE (X, 7z & 21X http://celestrak.com 5 AFTE 3,

SUZAKU
1 28773U 05025A  08013.93865221 .00000558 00000-0 37528-4 0 6575
2 28773 31.4061 323.8498 0007001 164.9250 195.1602 15.00529329137995
ASTRO-F (AKARI)

1 28939U 06005A  08014.23580039 .00000005 00000-0 11192-4 0 6030
2 28939 98.2316 16.5778 0008622  0.3484 359.7729 14.57435459100351
HINODE (SOLAR-B)

1 29479U 06041A  08013.94377495 .00000087 00000-0 26130-4 0 4426
2 29479 98.0789 23.2007 0014564 229.4553 130.5382 14.62802560 69920
INTEGRAL
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1 st derivative of Mean Drag termor

Name of Satellite Motion or Ballistic Coefficient radiation pressure
{11 characters) coefficient oot Number
International Epoch Vear & 2nd derivative of Mean & Check sum
Designator  Day Fraction Motion, usually blank Ephemeris
Type

14160NE4123  AXB6 S0.28438588)0.00000140  00000-0 ( 67960-4)0 {5293)

1
2\11416 98.510569.33050012?88 63. 2828)(296.0655X14. 2450020234697 8

/ P
Satellite  Inclination Eccentricity Mean Anormaly
e i Right Ascension Argurrent Mean Motion
of the Ascending of Perigee Revolution number
Node at epoch & check sun

Fig. 10. A L 2 oW & 7 E 2G5 iB 3 2% Two Line Elements (TLE) @ &t .
http://science.nasa.gov/Realtime/rocket_sci/orbmech/state/21line.html £ D,

1 275400 02048A  08012.45833333 .00000061 00000-0 10000-3 O 6500
2 27540 86.3672 23.5282 7969010 276.7243 358.3858 0.33418208 2558
HIMAWARI 6

1 286220 05006A  08014.77456198 -.00000264 00000-0 10000-3 O 4588
2 28622 0.0211 76.8046 0002163 49.6656 46.0362 1.00271868 10549

o, UTDZ LasgiAating, (1) T3 (XBRER), H50 (FRIMERSUEE), O
DT (KRR (&, —HICK 15 ART 5, EHUEFEZETH S, 0 Fb D Iid—HIC—HhF
%, EEERETH S, INTEGRALFREIZZHT T2, KRELHETH %, (2) INTEGRAL
ZEEDFEDR E GG 2 FFo 28, o3 iziEMuETcd %, (3) T < DB
3, EADERLC, N2l BERICHTEZ LT 20T, NWZHOBEISWIEL T 3148
THhb, O0EbDIZRE LOFHEFREZ DT, PUEMERAIZ0E, H20. 0D TOWIER, K
BEIZIFERL TS, ZOSDORBIEBARBRBTEE RS, WHER2H ISR Z e T
T, b ) EREHDERHZARBIL Tw5, ZRUTE->T, 0DOTEHEICKREZEMT 22 &
DHEETH B, —J7. HDIE. DRISHIBR E PO S D22 BT 2 2 EDAJREIC > TWw»
%50,

BIC, TLE 2 6 @EMEZAE L2V RRILLD T 27077 L9 HT %,
7z & 21X, http://science.nasa.gov/Realtime/jtrack/3d/JTrack3D.html, http://www.
lizard-tail.com/isana/tracking 7 &z 2, Hi& X, MIEOPLIEL 3RIUNICEKRNL, Z
DAT—=NRAERA VI =TI T4 7ICEMTE S, %513, Google map LICHEDNIE R
UTINIALTERRTE D,

56 HUBRII RN E W DT, RIMREREICE > T/ 4 APz %,
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9. RMBICREDYIEEZKRDDZE

TRk 9z, 77y 7 h—=n, wlETE, AREE W) a7 FEE2ETHE
BRI TXHR EERELTHNINS, ¥, ZTNo0EERIIXMETHLCBHINSED
RAHAIDP?2IITIE, ZNEEZTHLI,

9.1. HIJZ F)LX— DR

RS 7 7y 7= ez T EEL S WERIT TR, 77y 75— IilEb
T L E BNZRANT =R IN G, BB D M [g/s] DWEDED T T
58, BHZF VX —DRRIN5EG, L lerg/s] iZ. ATO L) ICHES 65N 5,
GMM

Tin
ZIT, i ld, BHZ RV =PRI NG —FENUOFERTH 2, PlETFED L Zi3PMHT
BONYEE, 77 v 7= DOEA ST BEONGED T,

e ~10 km, ~ 1AM, QMBI R 2E 2 X9, TEEAERICEB VT, fEAD
5% ~ 10" g/s OWERIUE T Z L0 > Tws, DL EDOHFETFELEL HfE-> Th
£,

L~

(218)

L (o) ()
10

%1'4><1.5><1018(3X1010)2[erg/5]< T[Zl; )(14]\/[@)( 18 g/s)

10

N a8 10 [km] M
~ 2 x 10°° [erg/s] < - A0, 018 P (219)
FBX. Sco X-172850 & 205 > X BRF O I 22 ERE L ~ 10% erg/s TdH 5,

9.2. 54 vk VRFNE

KIFIZIZZOEED»HGIRE S, T7 1> M VBRA (Eddington limit) &%5 Bﬁﬁi‘éﬁ?ﬁ
2, 2N EWBL 25, WHITFICL > TEORGDRITEINTL ), FHICH 2ILED
KB DIKETH D, KEDERZ my £ LT, BN EEHFTEDODH H LD iL/{T@i phe
Hr 3,

or Lpaa — GMmy
—

(220)

c 4dmr? r

I Tor=6.65x10"2 cm? i b AY VIEEY T, BT NHZHGELT 2 BOMHETH 5,

T W I3AEBEEZ R > T 7 7y 7 A= VICIEE RS EL T DT, 77y 78— 1DEbhIcMHEIE
RENb, INEEEME LTS,
8 XZDEEX-1, BRTHFHL C, RENSFER I 7 X R,
5 Wi & VI ERICENTEZ ), LTFEY, OB TR INLTDERZ b > T, KoM E 70>
T3 EESTXu,
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N6,
dreGM B 4dme GM

L = 291
B o fmy KT (221)
fp (& A VIS X 2 BRBIRIRI T, ~0.4 cm?/g TH 2, k5T,
Arc® GM, [ M M
Lpg = ~1.3x10%( — . 222
=T (D) 13000 () e (222)

HEREORKNER (Fv v F 72 A— VRR) 12 14M, T, Za3hlEFREOVPEEH
BICHIELTWwa, vETFRORKERIE~2M, T, ZREIDEVaAVY 7 VREZT7I7v 7
F=NTHBY, 77y 7 F—)ICO0TIE, (222) IfE>T, HEBKREWIIE, W55
LB TE B,

B TR L7280, ~ 10" erg/s THREEE L T2 EFREIZIZIZTZ T 4 v F VR
FTH->Tws IR, TNXDVEHEBREERPRE S Z-oTH, K0P 23T
v (WEEBEE TSI, WHE TR L ITINTLE ) ),

9.5, BKERH (blackbody radiation)

RARTRSHIVE LRSS R ICH 5 & S DN 2l L, [erg/s/cm? /Hz/str]
L) BZ 2R (str 376 A, EARIRIUCE TS BCEHICH 5200 F 0 BAEEEHI R T
5DT, “ODMEMZROREF LN 2EZ 5,

FDHENIT D BT RN D 72 D Ay [s71] OFIG T T OEERLISER L, T %2 i
5, —Ji. WS OmMEZ J, £ LT, BRGSO 72D BipJ, OFEGT, IS5,
7o, BSOS TR E 2R DOEIGD, ByJ, TH2, FTOMEMICH 2D
HEE ., LOBEILHLEFOEEZn, &L, ROPEREBICH S Z L5,

ny1BiaJ, = no Ay +n9Bo1 J, (223)
Thd, TN% J, IO THRITIX,
JV _ A21/321 (224)

(n1/n2)(Bi2/Bar) = 1°
ZIT, BvE oA LD,

gl::exp(hy/kyv. (225)

X 5T (224) 13,

J - Az /By
© exp(hw/kT)(Bia/Bor) = 1

Z 2T, —f%IC Einstein DGR
Bl2 — B217

(226)

60 EHBUAIMC 7 7 v 75— VOBMINGEHLE e RO S nwD R, 179y 7 8—=L1L»dH D A\,
EwnwH L,
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2h13
2
DSLT 5 2 3D > T 5, HiFE, #HlllD D H> (detailed balance) Z78 L, #H T,
2h° /2 D3, Jerg/em?/s/Hz] £ ) BN ZFFO 7 7Y 7 AT S, RE21:. BHOHHME 2%
ZbLTWw3, K (227) Z VT, (226) 1%,
7 2h13 [ c?

" exp(hv/kT) -1
N3RS O T, @ B, (T) TE Y,
9.4. BEEHOAXT PV EPR, REE. =31 F—DBR

BERTEH D ARY B v, (228) ZIREFOBIEE LT7 0y P LD TRITH 5 (M,
fichh & HITHEFRRTH 5 2 EICHER), HOWE N LIREIE v D H 7213 EH ¢ 238U T,

A21 = B21 (227)

[erg/s/cm? /Hz /str]. (228)

c=\v (229)
EVCIHRDBH L ERBCTEZ ), £, KTDIRNF—ERZT 7 v 78 Zflio T,
E=hv=nh\c (230)

TH %, BHEIZOPRDEZ) 2SR ) IS T, B, AN, AIEDERR, IR, X
e A= ThHsb, ZNODHEFIFIBTLHIE->ED LERIN TV LD TIE AW,
REOZFNVFX—AR7 PV EERbLT EE, Bz KR (BOZA, pm 72 ), IREE
(Hz), TRV FX— (eV)DZENENTRIGEDH 20 0ER L L), 77V 7 EH h=6.626 x
1072 erg/s, Joi# ¢ =2.9978 x 10'% cm /s, TR ILFX — DK 1 eV =1.602x 10712 erg Z{H-> T,

1 [Hz] +» 4.1357 x 107'* [eV] <+ 3.3356 x 10! [em™!]

Th b, "HEMER ) I 2N OB GO 75 e = 2 L X —HB 1D 206, 2% T
TCICIEWTE L AEF,

o, VY VBB k=138x10"10 erg/K Z T, 1eV ~ 11600 K TH B9 5,
WE (RIF) OlJE2RTDIT, K] TRIDPDDIC [eV] £/ keV] TELTH L, 29T 3
&L R KT [eV] 2RO RED 5 OBMBEEH O E— 7 131F1F hv =~ kT [eV] 12 5 2 &b
%62, R BRI TIIWE LN O6F) 23 HEREBICH 2 0T WEOIREICHIG L 72X
INFX—DOHADPROL R INEDIFHITH S, & 2F, ~keV (BT HE) DiiEZ
FEOPEFEERIP 7 7 v 7 S — VA ORE MY 6 OBUEEEH X, ~keV D XFHTH o &
bW CBIHIES NS,
9.5. RS OB

BURIER IZFH O W 5 & 2 A TS N 503, b IR % DD FHE Ried (Cosmic
Microwave Background Radiation; CMBR) Th 5, Z#Ud, Ev 7NNV o4
%, FHDY 3000 K O BAREEEHCH S Tz & EODY, FHHY 1000 FFIEIE L 22 &5 54, ThEE
6L X BRI TIE, 2- 10 keV DPRI (2L F =30 F) 23, BHERICfEbN T 5,
62 BEERICIE hy = 2.82kT ICE =27 3K %, Z4Ud (228) % he T THIEB O NS,
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Fig. 11. COBE #a2H%E L 72 CMBR @ A7 t )L, PUMASHIGE s, FERtZ 2.735 K O BMAHEST, Matehr

et al. 1990, Astrophysical Journal, 354, L37 & b, BICHIHBEEDEIEDHEA, RN COBE F— 423
1999 4EIZ¥EK L 72 CMBR D 1% 2.725+0.002 K TH %, Tl B0 235 (=0 O W =R Eh %/t
W) TH B E, M, e B ICHEIFRTH B 2 LIS, FU 2.725 K O BAES O 27 b oL E Kt
BERLEZODBTORTH %, BAEEHHIR 722 £ TIERWA, A7 LRI HICk-T, R
HOHIRIZKEESTL %,

blackbody spectrum at T=2.725 K
T cobe.qdp
T

10718 10715

B,(Dlerg/s/cm?/Hz/str]
10

10710

10720

frequency [Hz]

ebisawa 28-Jan—2008 09:27

(VX —)H31/1000 I FD3> 7% (KRTTHRE) b DTH %, NASA ® COBE ikt Z DifE %
1EAEIZ 2.725£0.002 K & HIE L 7z, COBE i DZERIIC X D, Mather & Smoot @ 2 Al 2006
D) —_OVYIREEZZE L T0w 58, 512, CMBR O 222w o 2 HlET 5 2
LIk, FHBEBED NI A= —ICHIRB O E, FHOERMEANS Z LB TE S, WMAP
BOHEIZX > T, ZIUI 1I3TEELERD SN TV S,

9.6. AT 77 vRNLY=rDEH
BREEZ L T3 YWRoEAD» &, BMHEH - DB IN =2 VX —Z2KRD L 9,

RS DU cos 2N T (2 JICHER!), AREH L, VAATOI=006 7/2 FTHITT
%o MARATEIT 20807 1F

63 http://nobelprize.org/nobel_prizes/physics/laureates/2006/phyadv06.pdf.
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w/2
/cos 0dQ) = 27r/ cosfsinfdf =n (231)
0
%%, koT KD277v 7R

o0 on\ (KT\" [ 23 da
= 15c2h3T =o0T" [erg/s/cm?]. (233)

ZIT, (e —Dde=7t/15 2\, o DIAT 7 7Y RIVY R VERTHY, D
TOfEZFE>,
0 =5.67x107° [erg/s/cm?/K* = 1.03 x 10* [erg/s/cm? /ke V). (234)

9.7. TR, AOEEDRERE

IT 4 Y FUKE ~10% [erg/s] THo T3, FiETE, ABKEORMRLE % Rk
boTALI), BAEBHZIRETSE, BOPREERETDIE, AT 77V - RILY 2 VDiE
HI?2» S L =4AnR20T* 72026 .

L 1/4
T ~ <7)
47 R20

1/4
N 10%8 erg/s L 10 km > /
"\ 47(10km)21024 [erg/s/cm? /keV4] \ 1038 erg /s R

L\ /10km\"?
~ 2 keV . 235
¢ (1038 erg/s) < R ) (235)

FoT, FFEI0km OFEFEIZ, ~2keV DX THESTVB I ERLREM, —J5, k%
~ 5000 km D FAEEEDORREE X, ~90eVIZZ ), ZIUIMX IR E LTSN 565, 9
B, 2o &9 HEEE X BRPSHEIN I TE D, Super Soft Sources & WEXIL T 5,

64 1eV=11604 K 72925, ~2keV id. 2300 HEELE>TH R,
65 T3 )L F =R X HRZ IR X #7, soft Xerays, i\ X B2 X . hard X-rays & MRS,
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9.8. 77 v 7 —ILDOEH DEEMEDEE

77 v 7R —)VICRIANE a3, Bl & FERIC, 2O D OREMEEONEZ RAEs 2
EWTED, YaUNYY VT Iy 78— (RELTOEVWT 7y 7 Fh—V) 252 L),
TTIC62MITHAL L IIC, 2TV IV PR, R, =2GM/c* Th %5,

EZAT, a7y IV FRZETIE, 3 R, X D AT LE R MBS FE L e\ 2
EDHISNT VAR, koT, i, 79v 7 x—ILDfH D OEEMBEONBEDEREIZ3 R, T
H %, FEBIIZMBEOREIZERITRT T 2 D708, JERICRMEINIC, WMV Mo
fi% 2n(3R,)? LAE L, EE M OREDO T 4 v b VIRFEHEIC BT 2 B PR E %2 JAk
BB EICLE), bo LB HMAGA L LT, BEMBESEARENZ L TW0w3 EIRET 3,

drcGM
Lo = TCGM o (3R)20 T (236)
EDIREZRD S &
3\ 1/4 —1/4 ~1/4 ~1/4
2G M M M
TS ( G <3> ol ~1 keV . (237)
180k c? Mg 10 Mg,

EoT, ANME (274 v FVRR) THloTO3HE~10M, D77 v 7 F—IVOR
D DFEEM#IZ. ~1keV DIREZFFO>OT, XMERTENS NS Z Lbhr b,

77w IR —IVOERPRKZVIZE, FEMBOMREIMEL 25 2 LITHER, & A,
KO HEEOEEEZ RO 7 7 v 7 A — LVBOREEMBOREIL ~ 10eV £ D, ZiUdEEsf
FRAECRIMIS N 5,

66 BEEICIE Ry =2GM/c® L WIHBIRIETA v a ¥ 4 VIR 2L T IR 0DEs, UMTo L) I
HATESZ LS TE S, HE m OVEPEE M, £ r OREDP SBH T 2BOBHEE X, =2 — >
H¥TEZDE > —GMm =0 L) o= \2GM/r, ¥EIVNE L BoTOL L, REEOTEHZHL %%
DT, ZN ST 2 DICHEERIEIZRE (b, FED, 2GM/? $THS 5% & BB 26
WCELS KD, TOPEDT 277 2L PR,

67z 2, B E AR ICE» e LT 2 R, HNROERIEEZSEICLTLEI O,

B ZDXIBREKRT Ty IR0 EERIRAFOK (Active Galactic Nuclei; AGN) DIERLEEZ S
TWw5,
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