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ABSTRACT

Firty-three orbits, which are periodic in geocentric refer-

ence frames rotating at lunar and at solar rates, have been

found using a patched-conic technique. The different orbits

provide coverage of different parts of the distant geomag-

netic tail. Included in this memorandum is an introduction,

the parameters for 43 Sun-synchronous double lunar swingby

orbits, and plots	 the Sun-synchronous ,iouble lunar swing-

by orbits.
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SECTION 1 - INTRODUCTION

A new trajectory technique for mapping the geomagnetic

tail is described in Reference 1. The apogees of the orbit

are alternately raised and lowered by moderately close

approaches to the moon. The lunar swiigby distance and

other orbital parameters cat be varied until the apogees

remain in the antisol&,. direction. Consequently, the

selected orbits are periodic in coordinate systems rotating

with both lunar and solar rates.

Computer programs were written to find and plot these

periodic orbits. A patched conic technique was Used in

conjunction with zero sphere-of-influence methods similar

to those described in Reference 2. The Moon's orbit was

assumed to be circular with a radius of 384,399 kilometers.

All orbits described here were assumed to be in the lunar

orbital plane. When the Earth-centered elliptical orbit

of the spacecraft crossed the lunar orbit, it was bent to

take into account the attraction by the Moon. The new

(bent) velocity vector and the radius vector at the lunar

orbit crossing were used to calculate a new Earth-centered

elliptical orbit. The lunar swingby distance is related

to the bend angle by a formula given in Reference 2. The

Moon was assumed to be at the swingby distance from the

spacecraft when the latter crossed the lunar orbit.

A coarse-scan computer program varies the bend angle at

the lunar orbit until the rate of ad-ance of the line of

apsidee equals the solar rate (i.e., the rate of revolu-

tion of the earth about the Sun) of 0T9856/da y . The

timing mismiatches of the preceding and following lunar

swingbys are then calculated. Many cases are computed

this way for s pecified ranges of initial orbit perigee
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and apogee distances, and results are printed only for

those cases where the timing mismatches are smaller than

specified tolerances.

Aftuther computer program, basically similar to the coarse-

scan program, starts with initial conditions near a periodic

orbit, then uses Newton-Raphson ,".terations to vary the

initial orbit parameters until the preceding and following

lunar swingby timing mismatches are less than 0.0001 day.

The periodic orbit is thF;^,n considered found, and a plot~

subroutine is called. The plot subroutine generates an

ephemeris for one complete cycle of the orbit, transforms

all of the computed points into a geocentric system rotating

at the solar rate, writes these data onto magnetic tape,

and produces a printer plot of the orbit.

Software designed to g^,rierate 16mm movies of double lunar

swingby orbits, using input ephemeris tape data like those

"	 described above, is described in Reference 3. This soft-
4	 L0a	 ,-7	 s'	 1 - fr ..,	 lots -^rrd to addware was aua.^d i.^.C ...ud ^.^. L..ro.^uce a.;..^.g.^C'	 .. ^:..^^L' p...	 ^..	 ....	 ,..

tick marks to the orbit at daily intervals. The tick marks

are perpendicular to the orbit and face away from the local

center of curvature of the path.

Several (actually, an infinite number) different types of

Sun-svnchronous double lunar swingby orbits exist, depend-

ing on the number of months spent in the small (inner) and

large (outer) ellipse segments and depending on the number

of complete circuits per cycle in the inner and outer seg-

ments. A three-dimensional classification scheme was

described in Referenco 1. That scheme is used here, but

expanded to include a fourth parameter. Hence, a given

periodic orbit is specified by four numbers, [A, B, C, D],

which have the following meanings.
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A: Approximate number of months between lunar swingbys

in the inner segment.

B: Number of complete circuits (apogees) in the inner

segment.

C: ApproNlimate number of months between lunar swingbys

in the outer segment.

D: Number of complete circuits (perigees) in the outer

segment.

Tile quantity A+C synodic months (one synodic month = 29,,3306

days) is the period of the orbit (i.e., the time from one

lunar swingby until the next lunar swingby at the same

position in the solar rotating frame). The time spent in

the inner segment is a few days .less than A synodic months,

while the time in the outer segment is a corresponding

amount of time greater than C synodic months, to allow time

for the moon to move from the lower swingby position to the

upper swingby position.

For most orbits of interest for stLidyieng the magnetosphere,

D = 0 and consequently is not givEn, the orbit being speci-

fied by the ti^ree numbers [ A, B, C ] . For D latirger than

zero, the orbits become butterfly-shaped, with the space-

craft spending most of its time far from the anti-Sun line

outside the geomagnetic tail.

Forty-three Sun-synchronous double lunar swingby orbits

have been found using the software described above. Our

survey includes all possible (28) sun-synchronous orbits

of this type with A less than 5, C less than 4, and D

equals 0. Orbits do exist for much larger values of C.

However, for C greater than 3 and D e quals 0, the outer

loop extends well beyond the Sun-Earth L2 libration point,

where strong solar perturbations makes our patched-conic

P

i M
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model unrealistic. Although orbits with A greater than 4

are jf Little interest due to excessive time spent outside

the magnetotail, [5, 10, C] and [5, 11, C] orbits do exist

and five of these are included in our survey. Ten orbits

with D greater than zero have also been found. since the

outer-segment ellipses have periods longer than a month,

C is always greater than D.

A table of parameters for the 43 orbits we have found is

presented and described in Section 2. Plots of the 43

orbits are given in Section 3.
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SECTION 2 - PARA-METERS FOR 43 `Z_-'N-SYNCHRONOUS
DOUBLE LUNAR SWINGBY ORBITS

Parameter,; for the orbits found using the software described

in Section 1 are listed in Table 2-1. The first four columns

give the classification numbers, [A, B, C, D], described in

Section 1. The perigee and apogee radii, in km; the orbital

eccentricity, e; and the orbital period, all for the inner

elliptical (small) orbit segment, are given in the next four

columns The same information, but not the period, is given

for the outer (large) orbit segment in the next three columns.

The lunar swingby distance, in km, and the amount by which

the orbit is bent by the swingby (change in direction of the

velocity vector), are listed in the following two columns.

The approximate i.,ilvsrmediate (between swingbys) radius of

closest approach to the Moon, while the spacecraft is in

the inner loop, is given in megameters (units of 10 3 km) in

the second to last column, only for A greater than 1. There
is no intermediate close approach for A equals 1. The only

cases of very close approaches, where ;large lunar perturba-
tions would destroy our patched-conic orbit, occur for the

[4, 9, C] orbits. The intermediate approaches are close

enough for significant, but not catastrophic, lunar pertur-

bations for the [2, 3, C] and [3, 5, C] orbits.

The geocentric angle between the spacecraft at the lowEtr

lunar swingby, and at its position during the following

(upper) swingby, in the solar rotating frames is given in

the last column. When this angle has smaller values, the

outer loop of the orbit is narrower, providing generally

better coverage of the geomagnetic tail.

2 ­ 1
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SECTION 3 - PLOTS OF SUN-SYNCHRONOUS DOUBLE
LUNAR SWINUBY ORBITS

Plots of all of the orbits listed in Table 2-1 are ?resented

in Figures 3-1 to 3-43. The spacecraft orbit is shown with

a heavy line, with tick marks at 1-day intervals. The lunar

orbit is indicated with a lighter circle, with the Moon's

position at the swingbys shown by two crosses. The coor-

dinate system is geoce• trio, with the axes rotating at the

rate of motion of the Earth around the Sun,, 0°9856/day,

The Earth-Sun line is the horizontal dashed line. The cross

on this axis about 250 Earth radii (RE = 6378 k*n) behind

the Earth is the L 2 libration point of the Sun-Earth system.

The distances of the apogees for the inner (Al) and outer

(A2) orbit segments, are given in Earth radii. The smaller

perigee distances are specified to the nearest tenth of an

Earth radius. For the orbits with D greater than 0, inner

segment (Pl) and outer segment (P2) perigee distances are

indicated. Of these, only the closer inner segment perigee

distance is specified to the nearest tenth of an Earth

radius.
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a

11i v
z
J N

r-r

Ll
W

aR

3-13



W W W
Ir cr Q

tn0 m
N M

m	 --d

Cl
L€J I I
Ld Lv Lil
C) .LEJ Lll
^-'0CD
Cr 0 O
LliIL<<

m
0z

Ln

a

L,

r
d

i

m
M

m

zDI
I^

U-)

6L

ui
z

Li
CL

H
r,

O

2H
Cpl

a

Wa
q
G
LQ

M

H
On
•H

3-14



d
i

IV

N
m

(n
m

C)z
U)
Q
Z
O
—i

Q

Ln

O
Q

LiJZ
M^

cr

a

C4

aav
N

H
H
a.
c

14
c:zH
w
U:

a
az
a

a
a;
0
Q

4

M

a
Tv"1

. p.l

W Ld LLJ
Ir cr 0:

mO0

N
Li I	 I
W Li W
0 W LiJ

ar o 0
aQa

3-15



crcrIr
N

Lo Ln
a) N

.-^ N

W' q WW
CD (D

w Q. a
LL <1 <

m

N ^

	

U)	 av

	

/V^	 M
	LLJ 	 •

z M

	n 	
1

LI / N

N H
I.i.

Q

z

cn

U'J
Q x

z

	

LO	 a
D w

a

^ o

	

Ir	
ca

LdZ	 1

cr-

J	 ^'

W
0-

L

Y

3-16



LL1 W LL1
a a a

O LO M

^LON

^- N
w	 I
LL1 W w

0 CD
IrQO
w a a.0-Qa

,..

V
a--

6

N
m
N

m

Z
r.r

V)

l.L
Q
z
D

J

t—
Q

cn

Q
.Q

W
Z

J

0-

aU
n
er

Mu

H
q
O
?-I
q
L'1

M

a

z
a
waq
D
O
Q

iM

Y

3-17



d
C

1

a
U
r"In

HH

O

q

H
Ŝ
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