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— le + mZRZ

Ro
+
(1.3) e -
R, =0
(1.6)
A, =(x,h,z)
i, =(x,,h,,z,) -
(1.7b)
ﬁl - Rl _ RO - mZ(Rl - RZ)
—ml m, (1.8a)
ﬁz :Rz' RO - - rnl(Rl- RZ)
+
(1.8)  (1.3) (1.6) e -
A,=R,=-G 2(R1- R.)
R (1.9a)
ﬁz — Rz :Gm1 (Rl' Rz)
. = (1.9b)
mA, +m,f, =0
(1.10)
R,-R,=M,-f,
— mz(ﬁl - ﬁz) — (ml +mz)n1
m m (1.11a)
— ml(n;l- ﬁz) - (ml + mz)ﬁz
. m, (1.11b)
~ * 1
A, =-G M b
(ml+mz)2 r13 (1.12a)
ﬁz - _ G rn.’l.3 ﬁZ
(1.12b)




m, m,
r=R,-R,=fA,-n,=(XYV,2 (1.13)
(1.11a)
r= (m, +m,)A, (1.14)
m,
m, m, (1.12a)

= mr_3 (1.15)

g
m= G(m, +m,) (1.16)

m, - Gm(m, +m,)r/r?
(1.15)
(x,Y,2) t (1.15) c,i =126
(X% y,2) (%,2) 6
f.(xy,z,X,Yy,2t)=c, i=12,---,6 (2.1)
X =x(c,,¢,,¢;,C,,Cy, Cg, 1)
y =y(c,,c,,C,,C,,C5, C 1) (2.2)
z=2(c,C,,C;,Cy, Cs, G t)
(xy,2) (X,Y.2) 6
(2.1)
A

3
= mr_3 (1.15)

g

r

ror=- mr_r =0 (2.3)



O=r"F=rfr"f+r" = (2.4)
at
r f=h (2.5)
h=(h,h,h) (2.6)
(2.5) rfr
h m, h
(1.15) h
hor=-m L @7)
r
h”r (2.5 X
(h"r),=h,z-hy
=(zX- x2)z- (Y- YX)y
= (X°+y* + 2°)X- XXX+ Yy + Z2)
=r2x- X(r %) (2.8)
(2.8) 2
rx =r? (2.9)
r>=rr (2.10)
(h"r), =r?x- xrr (2.11)
Y, Z
hr=r%-rrr (2.12)
(2.7)
E 11 g dago
h fF=-nf=~- —==- mM—¢=—= 2.13
ng g dt grﬂ (243
Ihr=-lle (2.14)
m r



2 2

(2.14) h (2.5)

O=h>e=he +he, +h,e, (2.15)
(25)  (2.14)
(2.14)
e=-Lh - L (2.16)
m r
&=L nxh +Zn 1)l (2.17)
ni m r

(h" B)xh” r) =(h,z- h,y)? +(h,%x- h2)?+(hy- h %)?
=(h?+hZ+h2)(3+y? +2%)- (hx+hy+h,2)?
=h%?- (hx)? =h%? (2.18)

(h" #)x = (h,z- h,y)x+(hx- h2)y+(hy- h Xz

=-h,(yz- Z))- h, (- x2)- h,(xy- yX) ==’ (2.19)
(2.17)
h’r?  2h?
e = - +1 2.20
3 - (2.20)
r> m_ni
—_—- —= e -1 2.21
2T 2hz( ) (2.21)
1 2
(2.21)
(2.14)
r
i(h'r')'r:-u-e'r:-e'r (2.22)
m r



[(he) rl o =(h"r),z-(h" 1),y
=(hx- h2z- (h,y- hX)y

=- h,(oc++yy + 2) + (hx+h y +h,2)X

=-hrx+Mhx)x=-hrr

(h" )y r=-hrr
lhrr:e’ r
m
1hr:esjnf
m
f e r
(2.14)
l(h' )X =- . ex =-r-ercosf
m r
(2.19)

h2
r=—————
n{l+ecos f)

_ hPedn f
nfl+ecosf)?

(2.26)
h3

df =dt
ni (1+ecos f)?

h3
A d
orﬁ(1+ ecos f)?

f=t-t,

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)



(2.28)

(2.28)

f=0

(perihelion)

(X,.0)

(2.26)

h2
r=—
n{l+ecos f)

m m,

(X,.0)

f=p
(aphelion)

2h?

X, - X, =2a

2
b a(l- e?)
m

_ a(l- )
1+ ecos f

X, =a(l- e
X, =-a(l+e)
(x.,0)

X, =%(xp +X,)=-ae

m2
e (eccentricity)

(%,0)

*Thire nil-e ni- &)

ae

(%,,0)

(2.28)
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(3.1b)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6a)

(3.6b)

(3.7)



(x,Y) (3.5)

X+ae=

_ (- e*)adn f
(L+ecosf)

(x+ag)?

(semi-major axis) f (true anomaly)
(eccentric anomaly) U f

Xx=rcosf =acosu- ae
(3.5)

(1- e’ cos f e+ cos f
cosu = +e=

(1- €®)acosf rae= a(e+cosf)
(1+ecosf) (1+ecosf)

1+ ecos f B 1+ ecos f
o >— _AJ1-e?dn f
snu=4/1-cos’u=—"—

1+ecosf

(3.11a)

cosu- e
1- ecosu

sin f = yfL- cos® { = L€ Su

1- ecosu

cosf =

_ a(l-e?)
1+ecos f

a(l- e*)cosf
1+ecosf

Xx=rcosf =

a(l- e®)dn f

=r9n f =
Y 1+ecosf

(3.12)

(3.8a)

(3.8b)

(3.9)

3.1

(3.10)

(3.11a)

(3.11b)

(3.12a)

(3.12D)

(3.5)

(3.13a)

(3.13b)



X=a(cosu- e) (3.14a)

y=aJl- e’snu (3.14b)
r =a(l- ecosu) (3.15a)
f =tan* (y/x) (3.15h)

3.1
6
h3
A daf =t-t 2.31
Orﬁ(1+ecosf)2 ° (2:31)
(3.12)
, _ a2
:Ldu (3.16)
1- ecosu
h3
Om(l' €eCcos U)du =t- tO (3.17)
u (3.4)
(u-esnu)=n(t-t,) (3.18)
(Keplar’s equation)
_nmi@-e)¥ _ [m
n w1 Z (3.19)
(mean motion) t, (time of perihelion
passage) m, m, T
3
T= 2_p: 2p a (3.20)
n m



(J. Keplar)

1
2
3 3 2
1 (3.9) 2
2 dt ds
2dS=|r" r dt|=|nh]dt (3.21)
dS/dt (2.5)
3 m, m,
(3.20)  (1.16)
a’ m G Gm
F:E: 1p? (m +m,) » 4p22 (3.22)
m, (x,¥,2)
(X,Y,2) 4.1
§ 1
(X,Y,2)
(X,Y,2) 41
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(ascending node)
(longitude of

ascending node) W
(inclination) i
X w (argument of perihelion)
W i w
(%Y,2) (X,Y,2)
z - W X
X -
z - W (xy,2 (X,Y,2)

(xy.2)  (X)Y,2)
X9 o60sW -snW Ogd O 0 ¢ggosw - Snw O¢exo
gYé:gs'nW cosW OEO cosi -sinigs'nw cosw Ogyé (4.1)

§Z5 & 0 0 10 sni cosi g& O 0 17y

(XE’YE’ZE)
Z. 0 Xe Xe
We (xy.2)
(XE’YE’ZE)
aXe o asos(W- W) -sn(W-W.) Ogd O 0 gggosw -sdnw Ogexo
gYE é:gsin(w- W) cos(W- W) O%O cosi -sinigs'nw cosw Ogyé
&Z. 5 & O 0 1580 sni  cosi g& O 0 1gzg
(4.2)
GPS
1999 3 19 4 30  GPS
PRNO3 g
G x E W'

mE 3.986005° 10" m®/s?  (WGS-84)
W,'=7.2921151467" 10 °rad/s (WGS-84)

navigation message
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GPS t* = 4.463840000000" 10° s

a = 2.656036871080" 10" m
e=1.285097794607" 10° (-)
m = -2.600374102533" 10" rad
W =2.367827949767 rad
i =9.462618891145" 10" rad
w =1.955675096095 rad

_nf@-e)¥ _ [m
n= e == (3.19)
(u- esnu) =n(t-t,) (3.18)
u X, Y r
f
x=a(cosu- € (3.14a)
y=aJ1l- e’snu (3.14b)
r =a(l- ecosu) (3.15a)
f =tan"* (y/x) (3.15b)
Xe,Ye, Ze
5.1
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y (m)

30000000
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X (m)
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GPS

5.1c

6.1 2001 6 4

2 NAVIGATION DATA

DAT2RIN 2.35a
COMMENT

.1583D-07
.1126D+06
.239808173319D-13

.2235D-07
.1475D+06

NAOE

-.1192D-06
-.1311D+06
-838190317154D-08

-.1192D-06
-.3932D+06
233472

13
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6 4 2 0 0.0

-186000000000D+03
.112503767014D-05
-936000000000D+05
.964713233047D+00
.666099174276D-09
.100000000000D+01
.933900000000D+05

6 4 2 0 0.0

.187000000000D+03

-180449336767D-03
-206250000000D+02
.512423121836D-02
.521540641785D-07
.207625000000D+03
.100000000000D+01
.000000000000D+00

.241724774241D-04
.818750000000D+01

6.

52251550x.01N

RINEX VERSION / TYPE

21JUNO1 12:52:40 GMTPGM / RUN BY / DATE

10N ALPHA
ION BETA
93 DELTA-UTC: AO,A1,T,W
LEAP SECONDS

-1591615728100-11 .000000000000D+00
.457626204825D-08 .197006208641D+01
.915862619877D-05 .515355294609D+04

.269597481593D+01 -.158324837685D-06
.169859422426D+01 -.785389857497D-08

.111700000000D+04 .000000000000D+00
.325962901115D-08 .186000000000D+03
.568434188608D-11 .000000000000D+00

.506985403691D-08 -.105145356805D+01

15
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.517815351486D-06

.211782049155D-01

-101495534182D-04

.515367991066D+04

.936000000000D+05 .115483999252D-06 -.698892269794D+00 .553205609322D-06
.933070667556D+00 .170406250000D+03 -.203990044670D+01 -.834284751309D-08
-.649669918503D-09 .100000000000D+01 .111700000000D+04 .000000000000D+00
.100000000000D+01 .000000000000D+00 -.139698386192D-08 .699000000000D+03
.933600000000D+05
4 1 6 4 2 0 0.0 .686026178300D-03 -.829913915368D-11 .000000000000D+00
.300000000000D+02 -.369062500000D+02 .429375028051D-08 .122448479598D+01
-.187009572983D-05 .543478119653D-02 .141933560371D-05 .515372161674D+04
.936000000000D+05 .931322574615D-07 .149639398394D+01 .633299350739D-07
.973624645340D+00 .356437500000D+03 -.406062866148D+00 -.826534428477D-08
-.115361948145D-09 .100000000000D+01 .111700000000D+04 .000000000000D+00
.000000000000D+00 .000000000000D+00 -.605359673500D-08 .300000000000D+02
.933600000000D+05
7 1 6 4 2 0 0.0 .550328288227D-03 -.139834810398D-10 .000000000000D+00
.107000000000D+03 .124937500000D+03 .457983362560D-08 -.215349984646D+01
.648386776447D-05 .117111273576D-01 .659935176373D-05 .515372987938D+04
.936000000000D+05 .132247805595D-06 .394901756489D+00 -.115483999252D-06
.946520192171D+00 .247125000000D+03 -.202122218516D+01 -.798354683249D-08
.239295681911D-09 .100000000000D+01 .111700000000D+04 .000000000000D+00
.000000000000D+00 .000000000000D+00 -.186264514923D-08 .363000000000D+03
.933600000000D+05
11 1 6 4 2 0 0.0 .230688601732D-05 .113686837722D-12 .000000000000D+00
.230000000000D+02 -.202812500000D+02 .563273462601D-08 -.989573692768D+00
-.108405947685D-05 .102968292776D-02 .707805156708D-07 .515371987724D+04
.936000000000D+05 .100582838058D-06 .142431563127D+01 .186264514923D-08
.921564053219D+00 .354468750000D+03 -.274203275966D+01 -.895001566122D-08
-.478591363823D-10 .100000000000D+01 .111700000000D+04 .000000000000D+00
.100000000000D+01 .000000000000D+00 -.838190317154D-08 .230000000000D+02
.933600000000D+05
13 1 6 4 2 0 0.0 -.224867835641D-05 -.341060513165D-12 .000000000000D+00
.180000000000D+02 .186562500000D+02 .450518765915D-08 -.194037136963D+00
.109337270260D-05 .204431591555D-02 .890903174877D-05 .515375796509D+04
.936000000000D+05 -.186264514923D-07 -.271749389176D+01 -.428408384323D-07
.968916214244D+00 .214062500000D+03 -.101200699438D+00 -.792390149087D-08
.675028117631D-09 .100000000000D+01 .111700000000D+04 .000000000000D+00
.000000000000D+00 .000000000000D+00 -.116415321827D-07 .530000000000D+03
.933600000000D+05
201 6 4 2 0 0.0 -.747912563384D-04 -.250111042988D-11 .000000000000D+00
.190000000000D+02 -.108750000000D+03 .427160650099D-08 -.740154487182D+00
-.589527189732D-05 .219460215885D-02 .965781509876D-05 .515355507088D+04
.936000000000D+05 -.335276126862D-07 .251824663789D+01 .558793544769D-08
.961786912663D+00 .197625000000D+03 .207988670987D+01 -.791747265166D-08
.214294640518D-10 .100000000000D+01 .111700000000D+04 .000000000000D+00
.200000000000D+01 .000000000000D+00 -.651925802231D-08 .787000000000D+03
.933600000000D+05
6.2
1 16, 14X
2 (END OF HEADER)
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PRN B
( ) 513 F5.1
(a19,8¢5,84,) 3D19.12
(IODE) () 3X D19.12
dn (C,)(m) D19.12
(Dn) (rad/s) D19.12
Loe (M,) D19.12
u cos (C,) (rad) 3X D19.12
(e) D19.12
u gn  (C,) (rad) D19.12
(VA) (¥m) D19.12
(GPS ) (Toe) 3X D19.12
cos (C,) (rad) D19.12
(W,) (rad) D19.12
an (CIS) (rad) D19.12
(iy) (rad) 3X D19.12
cos (C.)(m) D19.12
(w) (rad) D19.12
(W,") (rad/s) D19.12
(iy") (rad/s) 3X D19.12
L2 D19.12
GPS D19.12
L2 D19.12
3X 2D19.12
(s) D19.12
(s) D19.12
3 3X 4D19.12
6.2
|ODE
toe orbital elemnet
MO tOe mean anomaly
e eccentricity
‘/Z semi major axis
Wo right ascension of ascending node

17




inclination

o
w argument of perigee
W'
Dn
il
CUC
CUS
CI'C
CI'S
Cic
Cis
GPS
nr= (G) x (E)=3.986005" 10"m*/s°
W,'= =7.2921151467 10 °rad /s (WGS-84)
A=26600km
I, =55deg
e=0.003
W,'=0.640"°rad/s
t
tOe t,
t, =t- t,
M k
M, =M, +nt,
n n,
n=n,+D,
N, :«/‘mNj: 2p/T
E. 3 u

18



E. =M +esnE,

v, 3 f
snv, =+/1- & snE,/(1- ecosE, )
cosv, =(cosE, - e)/(1- ecosE, )

tanv, =+/1- & snE, /(cosE, - )

S. = AL- ecosE, )
S, = All- €)1 +ecosy, )

u, r, i
u,=f, +du,
re =9 +dr,

I =l +i't, +di

f.=v +tw
du, =C,cos2f, +C, gn2f
dr, =C,.cos2f, +C 9n2f,
di, =C,cos2f, +C, dn 2f,
X'k

X', =T, COS U,

Y =r . Snu,

Wk
W, =W, + (W, - W) t, - W, 't
(Xk’ Yior Zk)

X, = X', cosW, - y', cosi, SnW,
Y, =X\ SnW, +Y', cos i, cosW,

z =Yy 9ni,

19
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6.1 6.3
6.3 2001.06.04 PRNO1
Time X y z
02: 00: 00 -25855948.248 -1716340.561 6063393.919
02: 00: 01 -25855228.235 -1716665.825 6066451.190
02: 00: 02 -25854507.861 -1716991.166 6069508.333
02: 00: 03 -25853787.124 -1717316.585 6072565.348
02: 00: 04 -25853066.026 -1717642.082 6075622.234
02: 00: 05 -25852344.566 -1717967.657 6078678.992
02: 00: 06 -25851622.744 -1718293.310 6081735.621
02: 00: 07 -25850900.560 -1718619.041 6084792.122
02: 00: 08 -25850178.015 -1718944.850 6087848.494
e
tOe
di 0.3p +di=
W'
VA
WO
w argument of perigee
M 0 tOe
A, 0
afl
[1] http://www.dab.hi-ho.ne. jp/isshiki/ (2000)
[2] (1983)
[3] (1989)
A
Al Hamilton
q q Lagrangean
L(9,q,t) =T(d)- U(a,q,1) (ALl.1)
X m k 1

20



L(x,X):%mXZ-%kxz

I[q] = (‘SL(q,q,t) dt = stationary

0

under

.- dq
“T%

t,EtEL

qit,) =d, at,)=a,

LeqL qL ..U
0O=dl = '—dq +_‘dq -dt
Q&g " 19 o
s <t -
efL , u LEJL dadLOo, U
= gq-day dg- —g——=zdqqdt
&g 0, 2&a | &4y g
el dagLou
=Qé—- —k—-Zdqdt
'&lg dt gﬁm
Euler
i?&g £=0, t, <t<t,
dtgfag g

dq

qza,

ty

natural condition

ELEL,

. ] <« d ..
1 *[a,q,p1=1[a,4]- & p>§a- qudt

Ul

under
Q(to) =g,
(A1.3)

R o
= a ] 1t - =
QogL(q 4.0 - pxg

qt,) =a,

21

90y

dt e

(A1.2)

(Al1.3a)

(A1.3b)

(A1.3c)

(A1.4)

(A1.5)

(A1.6)

Lagrange multiplier

(Al.7a)

(A1.7b)



\18"HL 2 dq 6 e dqdgi
+— - — = - — T dt
eﬂqdq - P o e dt o
ueedTL dpo, &L 0 2 dggl
—- —:d - -d - — -t
= [paaq]; + $rq o S0ty PNl
\u €L dpo = dgg
= S . d - —Idt Al1.8
O a2 g Pt i (A1)
. _dg
=— Al.9
m ( a)
L
= (A1.9b)
fiq
?jt—p-g—l‘:o (A1.9¢)
q
Legendre transformation
:E (Al1.10a)
19
H(q,p,t) :pq' L(q,q,t) (A1.10Db)
(A1.7)
I[a,p] = 1*[9,4,P]|
\tl, d N
= Q(éo?? H(q,p,t)ﬁdt (Al.11a)
under
at,) =g, aft)=a, (Al1.11b)
e ddq H H
- —dg- —dp 4t
g}l _r fia T 4

ség THO ap fH

- ; LR it
[p>dq]t0+ooga Pt ﬂqﬂqg

22



séelg HO, adp THO, U
= -—:jjp- —+—::Ck]'dt (A1.12)
Ed Ty Sdt Tag g
dq _TH (A1.13a)
da fp
d__ H (A1.13b)
dt )[[o]
canonical equation
A2
s= & L@.a.nd=aL@qt)d A2.1
=Ql@and=qLl@qt ds (A2.1)
gt U
ds= L—+Ld —ds=yldLdt + Ld(dt
Qéd as "o ol (cit)]
ué ddtu, _ wéfL . IL g, L ddit U
= L+L— dt=a—dq+—dc—F+—dt+L—,dt A2.2
OF " "7 Q8™ g%, g A2

gelq 0_ (edqee/dt ol _ddgee/dto dgg/dio ddt

d .
Sty Gds&/ dsgl ds & dsg ds&/ dsg ds
_ddg _ dg dat (A2.3)
d dt ot
(A2.2)

wefL  flLasidg dgddto L . ddtd
dS=ns—d —dt+ adt
Q&g qa* q& d  dt dt o T " “dt M

N

L L P
u

el g dt
'L _daLo d a4L dg o dL
—=dt+ —dt-—dt dt
@51 20 g o 2 ao o
e 0"
=& dq-— dt+ Ldty,
&g HTO
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nTeﬂL d&ﬂLou e'|1|_ dasf_ ﬂLq_LpIt

Teﬂq dt E_q e‘ﬂt dt g

S=5(,t:0;,t,)

L damo
o dté‘ﬂq

ﬂL d ﬂL O ﬂL qL éd a9L cu
=-—(Qg-—g+ +
Tt dtg M6y 19" ﬂqq S &g

(A1.10) (A2.4)

N
e"ﬂL L . u .
dS=a—dq- —qdt+Ldty; =[pdqg- Hdt]|®
&a g =l L

= (pldql - Hldtl) - (podqo - Hodto)

pl :ﬂ_S' H1 - _ ﬂ_s
fa, it

1S 1S
=- , H,=—
po 1-[qO ° ﬂto

Al.l

ﬁpldql - Hdt) = ﬁpodqo - Hodty)
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(A2.4)

(A1.5)

(A2.5)

(A2.6)

(A2.73)

(A2.7D)

(A2.8)



¢ypdq - Hdt) = const (A2.9)
dt=0 (A2.6)
dS:pldch' podqo (A2.10)
(A2.7)
P, = 15 (A2.11a)
fla,
Po =- 1S (A2.11b)
fla,
(A2.10) (A2.11) dy, P,
Uo:Po  Q1: Py 1 (A1.13)
a,p P,Q
PdQ = pdq +dS(q, Q) (A2.12)
(A2.12)
p=T50.Q) (A2.13a)
iQ
p=- 150.Q) (A2.13b)
g
St
pdQ _ 18(9,Q.1) dQ
dt 1Q at
_S ,1Sdq, 1SdQS fS_1Sdq
ft fTgd 9IQ dt g flq dt
=pda 15,05 (A2.14)
dat ft dt
H(Q! P!t) =H (q,p,t) - (A2.15)

J[a,p] =1*[q,q,p] | (AL10)



Lé_dg 0
= . H(q,p,t)ndt
Qoéodt (a,p )H

under
q(t,) = do.
a, p Q P
dQ_TH
da 9IP
dp__TH

d 10
(A2.13)

q(t,) =a,

(A2.12)

(A2.12) S q,Q

PdQ = pdq +d3(q,Q)
PdQ =d(PQ) - QdP

QdP =- pdq +d[PQ - S(q,Q)]
(A2.13a) PQ - S(q,Q)
QdP = - pdq +dS(q, P)

_1S(q,P)
)|[¢

_ 15(q.P)
1P

P

Q

(A2.16b)
P=P,

Q = HP(PO)t +QO

Q (A2.16b)
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(A2.163)

X(q,P)

P

(Al.1la)

(Al.11b)

(A2.16a)

(A2.16D)

(A2.12)

(A2.17)

(A2.18)

(A2.19)

(A2.19a)

(A2.19D)

(A2.16b)
(A2.20a)

(A2.20D)



H
Hap) =2+ Kq
2m 2
P E
E=H(q p)=£+5q2
" 2m 2
(A2.22)
_ f kK >0
p= ZWQ&‘E-—q+
e 2 g
(A.2.19)

aS . K ,0
S=5(q,E) = o%dq =dpdg =0/2m§%- 29" %0

(A.2.19b) Q
Q:ﬂ_S:c‘) dq:\/Esnlge’ng
L \/2 &‘E-qul—(:j : E 5
e 2 g
(A2.16)
d_Q:mzl
da IE
Q=t +f

(A2.25)  (A2.27)

_Im . _188fk 0_
=.|l—9gn —qi=t+f

0 \/; §2Eq5
2E . &k 0
q=,[2=sn \/:(Hf)i
k é m P
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(A2.21)

(A2.22)

(A2.23)

(A2.24)

(A2.25)

(A2.26)

(A2.27)

(A2.28)

(A2.29)



A3

pr! pq’ pf
g=(r,q,f) L(g,q)

|_:%(r'2 +r%g? +r% 2dn®q) - U

L
==
P i
L _.
p:—.:rq
R (0
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(A3.1a)

(A3.1b)

(A3.1c)

(A3.2a)

(A3.2b)

(A3.2¢)

(A3.33)

(A3.3b)

(A3.3¢)

(A3.4)

(A3.53)

(A3.5b)



Q

P =V,
pq = I‘Vq
P =rv; Snq

S(a,P)
JS \
S= dg=cpd
O3 970
_Ts
Q_'nP
Q_THP) _ cong
d  JP
Q, Q,
W
(A3.7) S

S= @y, dr + ¢p, dg + ¢y, df

m.
_ s P’
= - = 2dr
2, 2R PR
m i
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(A3.5c)

(A3.6a)
(A3.6b)

(A3.6¢c)

(A3.7)

(A3.8)

(A3.9)

(A3.10)



a,e
(A3.11)

Q=

(A3.9)

Q,

(A3.11)

r,=a(l- e (A3.12a)
r,=a(l+e) (A3.12b)
2
a R (A3.13a)
m
2
e=_|[1- P—22 (A3.13D)
P
1
r =a(l- ecosu) (A3.14)
m a(l- ecosu)aesn udu
R? OJ[a(l- ecosu) - a(l- €)||a(l+e)- a(l- ecosu)|
— m — y
—?Oa(l- ecosu)du=u- esnu (A3.15)
H=E=- rﬁz (A3.16)
2R
MH nt m
=—=—= _Szconst:n (A3.17)
TR R Va
u- esnu=nt +t, (A3.18)
n
w W
Q =nt +t, (A3.19a)
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P, =na’y1- €, Q, =w (A3.19b)
P,=na’41- €cosi, Q=W (A3.19c)

(A3.19)
Delaunay’s canonical variables

(R R, R QL Q, Q)

B
2
u-esnu=n(t-t,) (B.1)
u=u(t) (B.2)
(B.2)
u-esnu=| (B.3)
s=u- | (B.4)
s=edn(s+l) (B.5)
s=es () +e¥s,(1)+e%, (1) +- (B.6)
(B.5)
s=esgn scos| +ecossan | (B.7)
gns coss
3 SS
dns=s- —+—- .- (B.8a)
3 o
2 4
coss=1- 343 (B.8b)
2 4
(B.6)
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sn s:asl+ezsz+e3§9s2 —sl —+e aes —sl s, g+

1 el - 1 40
coss=1- —e’s’- e’ss, +e'E- =s,° - 55, +—5 T+
> S SS; g 52 S;S; 2451 p

(B6) (B9 ( .7)
s, =dgnl

S, =, cosl

1 5.
%:szcosl-zsfL an|

s4=§% —sl —cosl S;S, 9nl

(B.10)

s, =dgnl
S, :ls'nz
2
:-Es'nl +§sjn3I
8 8

S, =- 1sin 2l +£sin4|
6 3

1 27 . 125
S =——9nl- —san3l+—sn8
192 128 384
(B.6)
s:es'nl+lezs'n 2 +éed g- Esml+3sm3lo
2 8 %)

‘& Lan2+1sna?
e 6 o

sge 1 snl-z in 3 +gsn5| =+

€192 128 384 o
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(B.9a)

(B.9b)

(B.10a)

(B.10b)

(B.10c)

(B.10d)

(B.10e)

(B.11a)

(B.11b)

(B.11c)

(B.11d)

(B.11e)

(B.12)



(B.4)

u=lI +8%- Ee3 +ie5 +-~-95in|

e 8 192 g
+€e—1e2-1e“+---99'n2+8§e3-£e5+m99'n3l
e2 6 7] e8 128 17}
+88—1e“+ —sin4l+€éée5+---9én5I+---
e3 2} €384 ]
L:gi+1e29+g? e+§e3-ie5+---9c:osl
a e 2 g é 8 192 7]
+‘?§ 1ot let . 00sn +¢* §e + B e 4. 0053
e 2 3 I} e 8 128 g
+8? Ee“ -cos4I+Q- %e +- —0055I+---
é 3 @ 384 2
f:-§e+ -§e2+ie4+m.:9.cosl
a 2 ¢& 8 192 a
+€;e—1e- leS+ 9cos2 +a§ z £e4+ 9cos3
e2 3 7] e8 128 ]
+88—1e3+---gcos4l+8éée“+---90055l+---
e3 @ e384 a
X:§_532-£e4+ 93n|
a ¢é 8 192 17
+8€1e- P +.96n 2 +8§e2- 5—e“+ %n3
e2 4] e8 12 a9
+88—1e3+---951'n4l+a@£e“+ O4n 5l +-..
e3 a e328 g
f =1 +¢c2e- 1e3+---':9.sinl
e 4 i}
+€§e2-Ee“+--~95in2l+8é—3e3+--~95in3l
e4 24 ] el2 ]
#8898t Ognar+ ..
e 96 2}
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(B.13)

(B.14)

(B.15)

(B.16)

(B.17)
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