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The Composition of Station-keeping Simulation Systems of
Synchronous Satellite (I)

—Perturbations due to the asphericity of the earth—

Koichi MATSUSHIMA

This report describes the formulation of the disturbing motion of a synchronous satellite due
to the asphericity of the earth. Accurate and efficient calculations of the ephemeris of a satellite
about its primary body are essential with respect to the simulation of orbit control, so gravity
potential was considered to the third order, and planetary equations which determine the osculating
elements were integrated analytically by successive approximations.

These results have been found to simulate the motion of Syncom II to a high degree of

accuracy.
simulation of station-keeping systems.
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—(4—10e?) sin (Qss+2M)—21e sin (Qqs+ 3M)} ] (4-6)
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( da >3= —aAa[Bm {(2+4e2) cos (Qm—l—M)——%-ll—e2 cos (Qm—M)} -I—-‘ll—Bszez cos (an-i—M)] (4-7)
>4= ay [341 {(2+4e?) sin (Qu+ M)+12e sin (Qu+2M))

—%Bmez sin (Qu~— M)+ Bis {%ez sin (Qs1+ M)—4e sin (Q31+2M)} } (4-8)

da

<*~§t——>r=aA5[B51 {(2—!—462) cos (Qu+ M)+12e cos (Q12+2M)+~1—£512€2 cos (Q12+3M)}

11 1
——-Bue? cos (Qu— M)+ B {Z e cos (Qu-+ M) —de (Qu-+2M)

+(6—36e?) cos (Q32+3M)} } (4-9)
<%—;‘~>6= —ads {Bﬂ {12@ sin (Q13+2M)+139—ez sin (Q13+3M)}

— Bis {de sin (Qss+2M)—(6—36¢2) sin (Qss+3M)—20¢ sin (Qu-+4M)} } (4-10)
(%)1;4{311(%% e2>sin M+ B {(%—%G—ez)sin (on—l—M)—%eﬂ sin (on-M)g } (4-11)
(%)F —Ag[Bgl {(3——2— e2>sin (Qua++ M)+ 9% sin (Q02+2M)+%e2 sin (Q02+3M)}

+ By {(—;——11—6 62>sin (Qu-+M)—e sin (Q22+2M)<—;——%3§ e2>sin (sz—l-BM)}

—Tlngae” sin (Q22"—M)] (4-12)

()= s (1= ) os @u+recon @u 4+ AL os (@u0—10)

By cos (Q30+M)} (4-13)
<%§‘>4= _A{&1 i(l—-%tﬂ)sin (Q11)+%e sin (Qu-+ M) — (3—%e2)sin <Q11+2M>}

+B42{ <1———;—e2>sin (Qu)+e sin<Qn——M)} +B4s{—}e sin (Qs+M)

_<1——21—82>Sin(Q31+2M)H (4-14)
(G )= =] Bt e cos (@uut 4y~ (3 ¢ Joos(Qu+2)—"e cos (Qu-+3M)

L Brse cos (Qu— M)+ Bs {%e cos (Qua-+ M)

ENESE SPAE R o
() = ] B = (52 o2 sim (@us-+ 20— 22 i (@u-+3)

(1o in (Qu 200+ Lo i (@+30)- (53— et)sin (@u+40)] | (210
<'di_>1: — A1Buse sin (Qu-+ M) (41D

(%—>2=A2[324{e sin (Qaa+ M) —(2—4e?) sin (Qea+2M)—7e sin (Qus+3M)}

+ Bas (6e sin (Qua+ M)+ 9e? sin (Qua+2M)} | (4-18)
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(—%)3=—A3[333{e cos (Qm>+(1+-—2—e=)oos(om+M)+—léleroos(Qm—M)}

+ By {g—e’ cos (an+M)} ) (4-19)
(%)4 = A4[B44 {e sin (Qu)+ <1 +% e’)sin (Qu+ M)+3e sin (Qn+2M)}
+Bis {e sin (Qu—)+—18‘—e= sin (er—M)} +Bi %ez sin (Qs1 4+ M)—e sin (Q31+2M)” (4-20)
(%:—)5=A5[354 {<1+—2— e’)oos (Qu+ M)+3¢ cos (Quu+ 2M) + et cos (Qu+3M)

11 1
+——Bssef cos (Q1i—— M)+ Bs¢ {E'e’ cos (Qss+ M) —e cos (Qs3+2M)

8

+(1—1—21e3)cos(Qsz+3M)” ) (4-21)
(Z_:)f - A;[B“ {Be sin (Q1;+2M)+—5§3—e’ sin (Qn+3M)}

— Bss Ie sin (Qss+2M)— (1 -—%e’)sin (@s3+3M)—5e sin (Q3;+4M)H (4-22)
(%%)1=AIB“ {(1 +2e2)+3e cos M+%e cos (on-i—M)} (4-23)
<—%§—)2=Ag[3u{6e cos (Qua+ M)+t cos (Qog+2M)}

— By {e cos (Qas+ M) —(2—4e?) cos (Qas+2M)~7e cos (@s5+3M)}] (4-24)
(%)3: - A;[Bsz, {e sin (@10)+ <1 +—2—e’)sin (Q10+M)+%€’ sin (Qm—M)} 7

— & Buetsin (Qu+1)| (4-25)
(%?)4 = A4[Bn {e cos (Qu1)+ (1 +-g—e“)cos (Qu+ M)+ 3e cos (Qu+2M)} +Bis {e cos (Qn‘)

—}-*lgl—e2 cos (Qu‘—M)] + Biy [%e’ cos (@ + M)—e cos (st+2M)}] (4-26)

<%>5=A5[st {(1 +%e’)sin (@134 M)+ 3e sin (Q1g+2M)+-‘§8§-ez sin (Qu-i—SM)}

11 . . .
+?Bsse’ sin (Q1s—— M)+ By {%e’ sin (@s2+ M) —e sin (Qy3+2M)

+ (1 —% e’)sin (Qu+ 3M)} ] | (4-27)

(-(2—'—?—>G= —As[Bse {32 cos (Qn-i-ZM)-l—%e’ cos (Q13+3M)} — B [e cos (Qs3+2M)

—(1~—% e2>cos (Q33+3M)—5¢ cos (st+4M)” (4-28)
C I CR R NERE S RES T v
— By { ((1—ze=)+ 3et)-+3e cos M+ %e cos (Q,°+M)] ] (4-29)

(_‘ji(ti)z= Aa[Bn{(%—% e)cos (Qos+ M)+ (9—% e’)COS (Qoz+2M)}

—Bn{(z—le———i—e)cos (Qas+ M)+ (5—--2— e’)cos (Qss+2M)— (—27;—{-3)
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X cos (ng-l-SM)} — By {33 cos (Qus-+ M)+ cos (Qog+2M)]
+Bus {%e cos (Qa1-+ M) —(1—263) cos (Qs:+2M)——;—e cos (Q;:+3M)} ] (4-30)
(G2),=—ai| B (L ¢)sin (@)-+(4=2e9 sin (@uo+ M)+ (A et)sin @ m)
+Bss(—}l———;—e’>sin (Qs0-+ M)+ Bs {e sin (Quo)+ (14 26 sin (Quo+ M)
+—1—1—e2 sin (Qm—M)} +leea sin (an+M)] (4-31)
( 4o ) - Aq{Bu {(—:l——-—;—e)cos (Qu)+(4—2¢8) cos (Qu+ M)+ (—-—--:;—e)cos (Qn+2M)l
+ Bis {(%-—;— e) cos (@) + (T——l-sl- e’)cos (Qu"—M)‘ +Bus [(——}S—e‘)cos (Qs1+M)
(g e)eos (Qu1-+20)] + Bus e cos (Qun)-+(1-+2e%) cos (Qu+M)
+3e cos (Qu+2M)) + B {e cos (@) +et cos (Qu =)
+Bm{—1-e’ cos (Qu+M)—e cos (st+2M)} } (4-32)
53

(‘ {;:) As[Bs:{(«i 2e3)sm(Qu+M)+(—-—%e)sxn(Qu-i-ZM)-F(———és‘e’)Sin(Qlﬂ+3M)

+ Bss {3—%—@)5“1 (Qu- —M)—}—Bss{(———é—eﬂ)sm(QsH—M)

- (—i——%e)sin (Q@ss+2M)—(12—6¢3) sin (Qs=+3M)} +Bsio {(1+Ze’) sin (Qus+ M)

+3esin (Qu+2M)+—583eﬁ sin (Q12+3M)} +—}8LBsne’ sin (Qu~—M)

+Bs1s {—é—e’ sin (Qs+ M) —e sin (@ +2M)+(1—6¢%) sin (Q3=+3M)] ] (4-33)
(%‘ZL) =A{Bel {(%——g—e)cos (Qus+2M)+ (‘5‘2—% eﬂ)cos (Q13+3M)

— B {(i—%e)cos (Qss+2M)+(12—6e3) cos (Qss+3M)— (———‘Z—e)cos (Q33+4M)}

+ Bss {28 cos (le+2M)+%3—e’ cos (Qu+3M)} — Bsy{e cos (Qss+2M)

—(1—6¢e%) cos (Qss+3M)—5e cos (Qss+4M)} ] (4-34)
(i’d—‘t”—)fm[m {(—2—+633>—- (\;e-—z—zle)cos M} +B: {(z%——}e)cos (Qu+M)
+ -{%—e’ cos (qu—M)} } (4-35)

(%);‘A’[B“ {(%——"%’l e)cos (Qu+ M) +(9— 3667 cos (Qu+ 20}

— Bsgs {(—2};——;— e)cos (Qaz+ M)+(11—20e2) cos (Qut+2M)

- (3?;—}—29‘ e)cos (Qaz+3M)H (4-36)
(idt_{)s: _A{B”{(%“ge)*“ (Quo)—(4+20¢% sin (Q10+M)+(—141——%5—e’>sin (Qw—M)}
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-I—Bzz(ji————ez)sm (Qso-l—M)} (4-37)

( > — Ay [Bu (——9e>cos (Q11)—(4+20e?) cos (Qu+ M)+ (-2——27 e)cos (Q11+2M)}

1 11 55
-+ By {—e—— 9e>cos (Qu)+ (————T e2>cos (Qu~ ——M)}
+B43{<7}-——e2>cos (Qs1+M)— <—Z——-9e>cos (Q31—|—2M)H (4-38)
2
(%) = Ay {351 {(4—!—20(32) cos (Qu-+M)— (--27 e>cos (Qua-+2M)— (E‘——v%:’—ez)
11 53 1 1
x cos (Qua+ 3M)} B52<'———T ez)COS (Qis=—M)—Bss {(Z—E eZ)COS (Qsa+ M)}
— <—i——9e>cos (Q32+2M)—(20—60e?) cos (Qsa+ 3M)} :‘ (4-39)
(%) = As [Bel { <£_27 e)cos (Qus+2M)+ <§3—2?T5 e2>cos (Q13+3M)}
6
— Bsgs {(—1~——9e>cos (Q33+2M)+(20—60e?) cos (Q33+3M)— <———45 e)cos (Q33—I—4M)} }
(4-40)
=2
Qoz 22 Ag=— 15 ( >]3<3>R0
Qu=o 32
Qu=o+L By=1+43cos 2
Qu =0—1Ls Bjs=3—3cos 2¢
Qu=w-+2X3 3 .
Qui—= w0 — sz B13=-2—sm 2t
Qu3=w-3%s3 Biy=6cos 1
Qi =w—3Xs3 Bis=1+3cos 22
Qu=20 Big=3-+3cos 2i
Qo =2w—2Xa3 .
Osn=30 Bj1=1—cos 2z‘ ‘
Qa1=30+131 Bgg=3-4 cos t+cos 2z
Qs—=30—Xs1 Bys=3—4 cos i+cos 20

Qs2=3w+2Xs3
@3~ =3w—2X33
Q33=3w-+3Xs3

35~ =30—3X33
1/ n
ey 0 .2
Ay 2 < pr )]2 Ry
3/ n
A= e[ L) 1 Ry
2 3 < P >]2 0
A3=—~1—< >]3(°)Ro
32\ ad
3/ n
A= _a_<.a_3)]3<1)1303
15/ n
Aa——g —3‘>]3(2’Ro

Bz4———cos d (3-+4 cos i+ cos 27)
sin ¢

Bys=2sin¢

Byg=2cost
Byr=2+2cos i
Byg=—2—4 cosi—2 cos 2¢

B31=3sini+15sin 3¢
B3y=15sini—5sin 3¢
Bs3=6 cos i(3+5 cos 2i)
Bss=10 cos #(1—cos 2z)

Bgs= i ; (cos 415 cos 3¢)

1 . .
Byg= 5. (cos i—cos 37)
sin?
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B3r=3sini+15sin 37
B3s=15sin7—5 sin 3¢
Bsg=—3 cot #(cos -+ 15 cos 37)

Bs19=—15 cot #(cos i —cos 37)

Biy=6+cos i4+10 cos 2¢4+15 cos 3¢
Byy=6—cos i+10 cos 2/ —15 cos 37
Big=10-+5 cos 7—10 cos 2/ —5 cos 37

cosi—1
By=—"——By
smi
cosi-+1
Bygs=——"—"—By
sin ¢
3cosi—1
Byg=———+—""DBys
sin 7

By =46+40 cos 490 cos 2¢
Big= —46+440 cos i—90 cos 2i
Bigy=—10—40 cos i —30 cos 2/
Byy=Burcosi
Buyi=Bigcos i

Bi1g=Byg cos {
Bsi=sini—4sin 2/—3 sin 37
Bss=sini-+4sin 2/ —3 sin 37
By3=5sin {44 sin 2{+sin 3¢

cosi—2
Bsyy=—-7+"Bs
sin g
B55=MB52
sin
3cosi—2
Byg=——"—-—DB;s3
sz
By =———+(cos i—8 cos 2{—-9 cos 37)
sin
1 . . .
Bjsg=——-(cos +8 cos 2{—9 cos 37)
sin g

1 . , .
Bsy=——-(5cos i+8 cos 2i+3 cos 37)
sSin 2

Bs1y=—DBsycos i
Bsin=—Bsgcos ¢

Bsia=—DBsgcos ¢

Bs1=6+9 cos 1—6 cos 2¢—9 cos 37
Bs2a=6—9 cos i —6 cos 2¢+9 cos 3¢
Bss=104-13 cos £4+6 cos 2743 cos 37

cosi—3
Bgg=—-——Bg
simi
3cosi—3
Bgs=——"—"+—DB;3
sini

Beg=—18—24 cos i—54 cos 2
Bgr=22—24 cos i+18 cos 2¢

2aV—=Y 2 VIYRTADHERK (1) 13

Bﬁg =Bs(; COSs Z

Bgy=Bgrcos i

5. Planetary equation #2

i CRD MR OER 2 Kb @R R Ik
WO EMSHBERERY, HEML itk
Vo LLINLDOFRROERDS B, Bt 25
W T RTORIZHENS - < 0 2 EFT 5, Lz
> TROIRIERE S 2 b,

WE an ZEEOUEEHE L T2 & planetary equa-
tion %

da

g =faant) (k=1~6)  (5-1)
8%, WE an RO XS TIRET S
@n==ano+01ano+02@no+ - (5-2)

Z LT @no VXEH, 01@no, 02ano, -+ I FNFI @no
BT 5 1R, 2%, 0EBEEDLT,

(5-1) O%W% Taylor BEIL, XbickBic (6-
2) RERATH &

dano | d(81ano) = d(63ane)  d(53ano)
a g Tooa tTog t

0fn
ag

=fu(@ro,t)+ 7] > 018 ko
k

20

a
Lyp(-2L)
+22§<8ak6a5 01@xe01G10+ -+  (5-3)

k ko
T TEADFHE—HIEHDOMH TH 555, Wlo
REE i L <

dano _
2 =0 (5-4)
do
A0 _ 110y ) (5-5)
d(52ano) - afn,> ~
dt —§<3ak a,kflako (5-6)
d(aMlno)_}_ < azf'n >
dt 2 %%\ 9araa; )y 21 %H001%0 (5-T)

(5-4), (5-5), (6-6), (5-7) WXENFhOW, 1K, 2
", 3WOEHMETELIERNTHS, L AT
/2K ST, —~WIT an 13D 5 VLT B DT
L TR—ROBEET 2% 2%, (4-5)~(4-50) i
5 %2 bh/z planetary equation % ¢ 2B L CRST %
E1ROEBENIRD X S5 RE B, RBHE#EICD
WTEZTWEDT, HEOFESES »n 3HROH
BAEE v LV E L, DTosER+_<T
v &% n KEIEZ TR,
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da1= ——:—Al [33119 cos M——;—Bue cos (Qz+ M)] (5-8)

dag= —%Ag[le {—6e cos (Qus+ M)—18e? sin (Qoa+2M)-(nt)} + Bas{e cos (Qss+ M)
+(4—10€?) sin (Qg3+2M)-(nt)+21e cos (Qss+3M)} ] (5-9)

day= —%AS[BSI {(2+4e3) sin (Q10+M)+-121-e3 sin (QIU—M)} +—i-Bne’ sin (QSo+M)] (5-10)
504=%A4[B41 {(2+4€?) sin (Qu+ M)+ (nt)—12e cos (Q1|+2M)—%Bue’ sin (Qu—— M)-(nt)

+ Bss i—;—e’ sin (@s1+ M)-(nt)+4e cos (Qal-l-?M)} } (5-11)
505=%As[351 {—(2—{- 4e%) sin (Q12+ M)+ 12¢e cos (Qu+2M)-(nt)+—l—§9—e’ sin (Qu+3M)}

——-l:—Bsze’ sin (Quy~— M)+ Bss { —%e* sin (@ss+ M) —4e cos (@ss+2M)-(nt)

+(6—36€%) sin (Qs3+3M )} ] A (5-12)

Sag= —%A{Bnime cos (Qn+2M)+—1§ge’ sin (Qu+3M)°(ﬂt)} — Bus{4e cos (Qus+2M)

—(6—36e1) sin (Qss+3M)-(nt)+20e cos (Qss+4M)) ] (5-13)
der= 22 B3+ o1)oos M+ B {5 ¢ oo (@ut M) ket cos (@u—} ] (5-14)

5e’=—i’—[3n E— (3—%e’)cos (Qos+M)—9e (Qoz+2M)-(nt)+%e’ cos (Qo:+3M)}

+ B | = (G =g e*)oos (@t M)+e sin @+ 2M)- () + (7~ 22 e*)oos (Qu+3M)
-—Tlngae’ cos (ng“——M)] (5-15)

6ea=—‘2—8[831 E(l —% e’)cos (Qlo)-(nt)-i--;—e sin (Qo +M)-—~%e sin (Q‘lo——M)}
3B sin (Qu+ M) | (5-16)
des= —-—An—t[Bu { (l ——;—ﬁ)oos (Qn)+—;-e sin (Qu+M)-(nt)+ (3+%e*)cos (Q11+2M)}
—Bg{(l—-%e’)cos (Qu‘)——%e sin (Qn‘—-M)-(nt)} + Bus {%e sin (Qu+ M)-(nt)
+ (1 ——;— e’)cos (QsH—ZM)} ] (5-17)
des= ——%5-[351 {——%—e sin (Que+M)— (3-—% e’)cos (Qu-}-ZM)-(nI)-—ELf—e sin (Qu+3M)}
+%B5ze sin (Q1s~— M)+ Bss {—%e sin (g4 M) — (1 +—;—e’>cos (@ss+2M)-(nt)
+%e sin (Q;:+3M)} ] (5-18)
A 9 53 . 1
deg= —-”—[Bal {(3—— ?e3)cos (Q”+2M)+Te sin (Q1s+3M)'("t)} +353[(1 +‘2‘ e’)cos (Qa+2M)

+%e sin (Qss+3M)-(nt)+ (5——255— e’)cos (Qas+4M)} ] (5-15)
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3l =—‘%I—Blse cos (Qso-+ M) (5-20)

dig= —-—%’*{Ba {—e cos (Qs3+ M) +(2—4e?) sin (Qss +2M)-(nt)—7e cos (Qu+3M)}
— Bss {6e cos (Qus+ M) —9e8 sin (Qus +2M)+(nt)}] (5-21)
diy= ——‘%3—[333 {e cos (Qro)-(nt)+ (1 +%e’>sin (Q10+M)—%8’ sin (Qm—-M)}

+-:—Bu sin (Qso +M)] (5-22)
61’4:—%4—[344 {e cos (@n)+ (1—}-% e’)sin (Qu+M)-(nt)—3e cos (1 + 2M)I + By { —ecos (@Qn™)

+—l§1-e’ sin (@~ — }W)-(nt)} + Bis {%e’ sin (Qs1+ M)-(nt)+ e cos (Qsn +2M)} ] (5-23)
Sis= —A—s[Bu {— (1 +£ e’)sin (Quz+ M)+ 3e cos (Qus+2M)- (”t)_l_%e’ sin (Qhs -%—SM)}

n 2
+—18—1—Bsse’ sin (Qn"—-ﬂ/f)-i-Bss{—-;—e’ sin (Qs3+ M) —e cos (Qsz+2M)-(nt)
+<1—%ez)sin (Q”+3M)}] (5-24)
As 53 M

dg= _T[B“ {Se cos (Qn—}-ZM)-!-?e2 cos (Qu+31\l)-(nt)} — Bss {e cos (Qss+2M)

— <1 ——lzl—e3>sin (Qs3+3M)-(nt)+5e cos (st+4M)} ] (5-25)

so=2Llp, [(1 +2e8)- ()4 3¢ sin M+ %e cos (@ +M)} (5-26)
”

B.ng—éi[Bss{—Ge sin (Qos+ M) +9e2 cos (Qus+2M)-(nt)} + Bsr {e sin (Qss+ M)
+(2—4e8) cos (Qus+2M)-(nt)+7e sin (Qss+3M)}] (5-27)

11
59;:—4—’—{835 {—e sin (Qro)-(nt)+ (1 +—g— e")oos (Qlo-l—M)——é—e’ cos (Qm—M)}
”

+ -;—Bsse’ cos (Qso+ M )} (5-28)
ag;:—%{&y { —esin(Qu)+ (1+£2)-e9)cos (Qu14 M)-(nt)+3e cos (Qn+2M)} +Bu {e sin (Qu-)

563 cos (Qu— M)-(nt)| + Bo {-Le1 cos (Qu-+ M)-(nt) —esin (Q@u +2a) | (5-29)

53

595—_-—‘:—5[ Bur {(1 +% e’)cos (Qu+ M) -+3e sin (Qu-+2M)-(n)— 5 et cos (Qu+3M)}

—%Bsse’ cos (Q1s—— M)+ Bss *—;—e’ cos (Qss+ M)—e sin (Qs3+2M)-(n3)

—(1——12—1—85)cos (Q32+3M)H (5-30)

0= —;:—S{Bse{—Se sin (Q]s+2M)-}--5824!22 cos (le+3M)~{m?)} + Bey {e sin (@ss+2M)

+ (1 ——151— e’)cos (Qss+3M)-(nt)+5e sin (Qas+4M)} } (5-31)
dor= ——% [B]s { (%— % e’)(nt)-i— (—2?16——% e)si.n M] — (—41—6‘—-&1? e)Bxg sin (@ +M)
— By {(1 +2¢%)-(nt)+3e sin M+-;—e sin (Qs0+ M)] ] (5-32)
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5w2=‘%[321 {— (%—%e)sin (Qus+ M)+ <9—%e3)c05 (Qoz+2M)'(”t)] —Bﬁ{— (*21;_%")5“‘ (Qu+ M)

+(5_%ez)cos (Qaz+2M)«(nt)— (—%—%e)sm (Qaz+3M)} { —3e sin (Qos+ M)

+%e’ cos (Qoz+2M)-(nt)} — Bas I?e sin (Qaz+ M)+ (1—2e%) cos (Qes +2M) - (nt)

+%e sin (st+3M)} } (5-33)

Sy= ——‘2—’[33, {(%—-;- e)sin (Quo)- () — (4— 2¢2) cos (Quo+ M)+ (14—1——%1-8’)(‘05 (Qu— M)}

—Bg,;(—l——%e’)cos (Qso+ M)+ Bsy [e sin (Quo)+(nt)—(1+2e%) cos (Quo+ M)

ket cos (Qu— M)} ~ L Buet cos (qu+M)] (5-34)

= —%{Bu i - (%—-;—e)sin (Qu)-+(4=2¢%) cos (Qu-+ M)-(n)+ (-3—-—;’- e>sin (Qn+2M)}

—Bn{(%—-%e)sm (Qu‘)+(—]i——18le’>cos Qu~——M). (nt)}+B4sI<———%e’)cos(Qu+M) «(nt)

— (%——;—e)sin (Q;1+2M')] + Bito { —e sin (@) +(1+2e%) cos (Qu1+ M)-(nt)+ 3¢ sin (Qu-}-ZM)]

+ Bz {e sin (Qu—)+l—;—e2 cos (Qu——M) -(nt)} + Bus —;—e’ cos (Qs1+M)-(nt)—esin (Q.q+2M)} }

(5-35)

3 53

dws= [le {(4 —2e?) cos (Que+ M)+ (———% e)sm (@13 +2M)-(nt)— (-———%e’)cos (Q1:+3M)}

—Bsg<£-—%e’)cos(€)u —M)+353{(——%e’)cos(Qsz+M) (—-——-—;—e)sm(Q;;+2M) «(nt)

+(12—6¢8) cos (ng+3M)} +Bsto fu +2¢%) cos (Qus+ M)+ 3¢ sin (Qus+2M)-«(nt)
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+3(1—cos 22){(—-‘2—e+-ﬁe3>cos (ZceJ-l—M)—l—%e3 cos (2w—M)+<1———g—e2>cos Co+2M)
1
+ (%e—% e2>cos Cw+3M)+ —121e2 cos (2w+4M)—|——%e3 cos (2w+5M)} ) (A-13)
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32 L 72 5= RO W R PT B R

_ 3ufi® R

Ra= 8as

. 2
[(1 —cos 2i) {(24— 3e?) cos 2Xa2+ <Se +—281 e3>cos 2%+ M)+ <3€ +—81 e3>cos (2Xa2— M)
9 9 53 53
—l~—2—e2 cos (27(22—!—2M)—|—~Ee2 cos (2Xzz—2M)+—8 e3 cos (2%22+3M)—I—~—8 e3 cos (2%as—3M)
. . 1 1 1
+(344 cos z+cos 21){(—-2—e+*1-6—e3>cos (2w+2X22+M)+Ee3 cos 2w+ 2% — M)
5 7 123 17
-+ 1—-5 e? Jcos 2w+ 2X02+2M )+ LT &3 |cos (2(o+2X22+3M)+—2—82 cos 2w+ 2Xs2+4M)
845 z . . 1 1
+—Ee3 cos (2(0—{-2%22—{—5M)J +(3—4 cos i +cos 21){ ——Ee—i—ﬁﬁ cos (2w—2Xa2+ M)
1 5 7 123
+T8-e3 cos 2w —2Xs2— M)+ (1 -5 e2> cos (20 —2Xas+2M)+ (*2—3 16 e3>cos (2w —2Xa2+3M)
17 845
+—2—e2 cos 2w —2Xga+ 4M)+—48—e3 cos (20— 2%3+5M) (A-14)

_ psSORS

T {(3 sin 415 sin 3i){<e+% e3>sin @ (14 2¢?) sin (w+M)+—181—e2 sin (w— M)

+ <3e+—14L e3>sin (m+2M)+—f%es sin (w-2M)+%3—e2 sin (w+ 3M)+l67~e3 sin (w+4M)}
(15 sin i—5 sin i)%ez sin (3 + M) — <e——i— e3> sin (3 +2M)-+(1—6¢2) sin (30-+3M)

+(5e—22¢%) sin (3w+4M)+1—g7—e2 sin (3w+5M)+%3e3 sin (30 +6M)} } (A-15)

_ 3p DR

Ry= 64as [(64—003 +10 cos 2¢ 415 cos 3i){<e+—g— e3>cos (w+X31)+(1+42€2) cos (w+Xs1+M)

-I—*lél—e2 cos (w+As1— M)+ <3e+%41— e3>cos (w+X31—|—2M)+%e3 cos (w+Xs1—2M)

53 77 . .
+—§_32 cos (w—I—X31—l—3M)—|—?e3 cos (a)+%31—|—4M)} +(6—cos t+10 cos 2¢

. 5 11
—15 cos 31){<e—|-5 e3>cos (w—231)+(1+2e?) cos (w—-Xs1+M)—}——8—e2 cos (w—X31— M)
11 23 53

+ 3e+Te3 cos (w—-7531—|—2M)—|—T2—e3 cos (m—Xgl—ZM)+—8—e2 cos (w—As1+3M)
+Jg7-e3 cos (m—x31+4M)} +4-(104-5 cos i+10 cos 2i—5 cos Bi){%g—eﬁ cos (Bo+X31+M)
- <e——i— e3>cos (Bw~+As1+2M)+(1—6e2) cos (Bw+ 31+ 3M) +(5e —22¢8) cos (3w +Xs1+4M)

127 163 . .
+-8—e2 cos (3@+X31+5M)+Te3 cos (2w+X31+6M)} +(10—5 cos —10 cos 2¢

~+5 cos 3%) {%ez cos (Bw—X31+M)— <e—-% e3>cos (Bw—Xs1+2M)+(1—6e?) cos (3w —A31+3M)

+(5e—22e3) cos (30)—%31+4M)+—}%7—e2 cos (3w—2A31+5M) +1—2?)—e3 cos (3w—%31+6M)} ] (A-16)

_ 15pJiDR

5 —
R 32at

[(sin i—4 sin 24— 3 sin 37) {(e—l—% e3> sin (0 2X39)+(1+2e?) sin (w+2X33+ M)
1 . 11 . 23 . .
+?eﬂ sin (w+2X32—M)+ 38—}—‘:1— e3 |sin ((0+2X32—|—2M}+T2“e3 sin (a)+2X32—2M)
53 . 77 . <. < os e s 5 .
+—8—92 sin (w—l—2%32+3M)+—6—e3 sin (w-+2Xss--4M)} +(sin {44 sin 2i—3 sin 37) e+—2— e3 |sin (w—2X32)

+(142¢2) sin ((0—27(32+M)+l81—e2 sin (w— 2233 — M)+ <3e+—1£—e3>sin (w—2X32+2M)
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32, . .
—I—T?je?* sin (w—2X32—2M)+%62 sin (w——2%32+3M)+~767—e3 sin (2%32+4M)}
+(5 sin £+4 sin 2{+sin 37) {%62 sin (3o 2Xs3+M)— (e-g— e3>sin (Bw+2X33+2M)
+(1—6e?) sin (3w-+2X3a+ 3M)+(5e—22¢3) sin (3w 2Xs2 +4M)+—152§l62 sin (3w+2¥32+5M)
163 . .. PR i § .
+——4~—e3 sin (3w-+2Xsg+6M)r +(5 sin £ —4 sin 274 sin 37) —8—e2 sin (3w—2X33+ M)

— (e—% e3>sin (Bw—2%39+2M)+(1—6e?) sin (30— 2Xsg+3M) +(5e — 22¢3) sin (30— 2X3a+4M)

+l§192 sin (3w — 2X39 +5M)-I—£43e3 sin (3w—2%32+6M)} ] (A-17)
DR,
Rs= —A%—TRO[(G—[—Q cos {—6 cos 2—9 cos 3i){<e+—2— e3>cos (0+3X33)+(1+2€2) cos (0+3As3+M)

11 11 2
—I—?e2 cos (w+3Xg3— M)+ <3e+7 €3>COS (w+3X33—|—2M)+1—;563 cos (w+3X33—2M)
53 77 . .
+—8~62 cos (w+3%33+3M)+—?e3 cos (w+3X33+4M)} ~+(6—9 cos £ —6 cos 2i
. 1
+9 cos 3i) {(e—}-—;— e3>cos (w—3%33)+(14-2¢?) cos (a)--—1-37(33—|—M)—]--~8le2 cos (w—3Xs3— M)
11 23 53
+ <3e—l—T e3)cos (w—3X33+2M)+§e3 cos (w—3Xs3 —2M)+—8-e2 cos (w—3133+3M)
—|—de3 cos (w—3%33—{—4M)} +(104-13 cos ¢+6 cos 2+ 3 cos 37) {%ez cos (3w 3X33+ M)
— <e—% e3>cos (Bw+3x33+2M)+(1—6e2) cos (Bw+3X333 M)+ (5e — 22¢8) cos (Bw+3X33+4M)
127 163 . .
-}———8—62 cos (3w+X33+5M)+Te3 cos (3w+3X33+6M)t +(10—13 cos i+6 cos 27

—3cos 37) {—é—eﬁ cos (3w —3Xss+M)— <e —% e3>cos (Bw—3%33+2M)+(1—6e2) cos (30— 3As3+3M)

127 163
+(5e—22¢3) cos (3w—3Ass+4M) +T62 cos (3m—3%33+5M)+—2—e3 cos (3(»—-3%33—[—6M)” (A-18)
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