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Rendezvous Problem for Nearly Circular Orbits

Mavurick L. ANTHONY* AND FRANK T. Sasakrf
Martin Company, Denver, Colo.

In order to assess various closure techniques during the terminal phase of a rendezvous
maneuver, it is desirable to know the free flight motion of one vehicle relative to another.
When expressed in terms of a reference system centered at the target vehicle, the equations
of motion that are to be solved are a set of nonlinear differential equations with explicit time-
dependent coeflicients. In this paper an approximate analytical solution is determined by
utilizing perturbation techniques. The solution is more general than those previously found
since it includes the case where the target orbit possesses small eccentricity, and it remains
valid for relatively large distances between the vehicles. Hence the results are useful for
many near-earth missions. Numerical examples are provided in order to assess the accuracy
of the solution. The resulis indicate that in certain instances the present solution, which
includes some non-linear effects, must be used in lieu of previous solutions that are based
on a linear theory. An approximate analytical solution is also obtained by which the re-
quired velocity components can be determined in order to effect rendezvous at a prescribed

time.

Nomenclature

ar, e, M = semimajor axis, eccentricity, and mean anomaly of
target orbit

R = relative position vector to interceptor (B; — Br)

R;, Rr = inertial position vectors to interceptor and target
vehicles

it = time, and time of periapsis passage

1% = relative velocity of interceptor

r, Y,z = nondimensional coordinates

X,Y,Z = coordinates of interceptor relative to target
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8z, 8y, 8z = variations of nondimensional coordinates from
Clohessy-Wiltshire results

) = angular coordinate and angular speed of target
vehicle

m = gravitational constant

P = Rr/ar

T = (u/ar®)\"t

T* = specified nondimensional time to rendezvous

@ = angle denoting direction of initial velocity differ-
ence, measured from the X axis

Subscripts

¢ = associated with solution to linearized equations of
motion, target in circular path

0 = denotes conditionsat{ = 0

Superscripts

(*),( ) = derivatives with respect to { and 7, respectively

0, e = indices used in identifying coefficients in the

solution
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I. Introduction

ECAUSE the rendezvous maneuver is an important part

of space operations, several studies have been conducted

on its various phases, from the launch phase to the final

phase where docking is imminent. This paper is concerned

with an analytical investigation of the terminal phase of the
rendezvous maneuver prior to docking.

For the purpose of determining the advantages or dis-
advantages of different rendezvous techniques, it is essential
to know the free flight motion of one vehicle relative to the
other. Conceptually, this motion can be readily determined
if the vehicles are treated as point masses in a Newtonian
foree field since the motion of each vehicle is then Keplerian.
Unfortunately, however, the respective motions are given
indirectly as functions of time and consequently a quantita-
tive determination of the relative positions and velocities
is difficult and may lead to numerical inaccuracies, particu-
larly in the phase just prior to docking. For these reasons
it is advantageous to use the relative equations of motion and
to express the coordinates explicitly in terms of time.

In general, the system of differential equations that describe
the motion of one vehicle relative to another is nonlinear and
explicitly time dependent. In view of the complexity of the
equations, exact analytic solutions are not obtainable.
Nevertheless, certain approximate analytic solutions that
are of practical utility have been previously extracted. The
case of circular target orbits has been investigated by Clo-
hessy and Wiltshire! who took into account linear terms in
the relative distance, arising in the differential equations,
and also by London? who accounted for quadratic terms,
thereby extending the validity of the solution over larger
relative distances. In addition, de Vries® has considered
target orbits with small eccentricities, and by retaining only
linear terms in the relative distances, has obtained an approxi-
mate solution to the equations through the use of a perturba-
tion technique, where the independent variable was selected
to be the true anomaly of the target orbit.

This paper obtains an approximate solution of the equations
of relative motion, including linear and quadratic terms in the
relative distance, for the case of nearly circular target orbits.
The motion of the target vehicle is approximated by means
of power series in the eccentricity of its orbit. The new solu-
tion is obtained in terms of the independent variable, time,
by the method of differential corrections accounting for terms
of second order in relative distance and first order in target
orbital eccentricity. The earlier results of* and? are recovered
as special cases of this new solution.

II. Formulation and Analysis

Figure 1 indicates the target centered coordinate system
that is used in this analysis. A rectangular (X, Y, Z) system
is selected among the various possible coordinate systems
that can be used, as deseribed in* and.® The X and Y axes
lie in the orbital plane with the Y axis directed radially
and the X axis directed along the local horizontal. The Z
axis completes a right-handed triad. Point O denotes the
inverse-square force center, and § denotes the angular speed
of the target vehicle. :

In terms of an inertial system centered at 0, the two ve-
hicles follow Keplerian motions described by

d2Ry/dt2 = — ulip/Ry® 2R /A = —(uRi/RS (1)

Since the position vector from the target to the interceptor is

given by R = B; — Rr, the motion of the intereeptor relative
to the target is determined by

d2R/dt* = ulR+/R+* — Ri/R:A) 2
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The acceleration is given in terms of the rotating system® by
d2R/dt = R + 20xR + ox(axB) 4+ wxR 3)
where the dots den(ite time derivatives as viewed in the (X,
Y, Z) system. If (I, J, K) denote unit vectors along the X,
Y, and Z axes, respectively, then the angular velocity is given
by
&= 6K €
The position vectors Ry and £ are described by

Rr = RyJ R=XI+YJ+ ZK (3)

so that
Ry =XI+ (Y + RnJ + ZK (6)

Using Egs. (3-6), Eq. (2) yields the equation of motion of
the interceptor vehicle in terms of the rotating coordinate
system. The scalar form of this equation is given by

X — Y0~ 2Y6 — 02X + uX/[X2+
(Y + Ro)? + 222 = 0
V + X6+ 2X6 — 62V — (u/ + Ro?
{w(V + Rp)/[X2+ (Y 4+ Re)2 4+ Z22]¥% =0
7+ wZ/[X*+ (Y + Rp)? 4+ 222 =0

@)

e

The gravitational terms bring about the nonlinear character
of the equations. In addition, the coefficients  and 4, as
well as R, are time varying, unless the target orbit is circular.

It is convenient to introduce the nondimensional variables

z = X/ar y=Y/ar 2 =Z/ar ®
b= Rojar 7= (war)¥
In terms of these variables, Eqgs. (7) become
z" — yer/ _ Zylel — % + ]
2/l + (y + 2 + 2 = 0 |
y" 4+ 20" + 22" 0 — 6% — (1/p%) + r (9
H P/t + o 92 222 =0
&+ 2/l (g + o)t + 2P = 0 J

where primes denote differentiation with respect to ». It
is now assumed that the distance between the two vehicles
is small compared to the semimajor axis of the target vehicle

INTERCEPTOR VEHICLE

TARGET VEHICLE

- INERTIAL. REFERENCE

Fig. 1 Coordinate system.
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orbit. A useful approximation to the differential equations
can be obtained by expanding the nonlinear terms in powers
of the coordinates, retaining the linear and quadratic terms,
which leads to

a" — Yo" = 2y' 0"+ [(1/p%) — 6]z — (Bay/p?) = 01
y' + 26" + 227 0" — [(2/p%) + 6]y — (10)
(3/20%/(@* — 292 + 2% =0
2" 4+ 2/p® — 3ay/p* = 0
For orbits that are nearly circular, the dependence of the
angular speed and the radius of the target orbit upon the

independent variable, time, can be taken into account through
use of series expansions in the eccentricity”:

6 = (u/ar®)V2[l + 2e cosM 4+ $e2 cos2M + ... ] } an
Ry = ar[l — ecosM + (e2/2)(1 — cos2M) + ... ]

where the mean anomaly is given by M = (u/ar3V2(t —
t,), where t, denotes the time of periapsis passage. In
nondimensional form, these become

0’
o

14 2ecos(r — 7p) + 3€2cos2(r — 1) + ..,
1 — ecos(t — 75) + (e2/2)[1 — (12)
cos2(r — 1)1+ .../

If the nonlinear terms are omitted and the target orbit is
circular, Eqgs. (10) revert to the Clohessy-Wiltshire equations,

z” — 2y’ =0
y." + 2x' — 3y. =0 (13)
2" 4+ 2, =0
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where the subscript ¢ denotes the linearized, circular orbit
equations. For general initial conditions, ’

2(0) = 1o y:(0) = %o 2(0) = 2 } (14)
z'(0) =z’ y'(0) = u' 2'(0) = 2’
the solution of Eqgs. (13) is:
z, = 2(2xy — 3yo) sint — 2y, cosr +
L 3Q2ys — ") + (20 + 22/0’)1 (15)
Yo = Yo’ sint + (22" — 3yo) cost 4 2(2yo — o)
2. = 2 sint -+ 2 cosT 5

In order to improve on this solution, we use the method of
differential corrections. By defining 8z, 6y, and 8z by

z =z, + 0z Yy = y.+ oy 2 =2+ 62 (16)

and substituting into Egs. (10), we obtain differential equa-
tion for the variations 8z, oy, and 6z. These are simplified
by retaining only the larger quantities, such as quadratic
terms in the coordinates (z.?, .., ete.) and linear terms in
the eccentricity (ez., etc.), and neglecting the smaller terms,
such as z.0z, edz, ex.?, e¥y., etc. The resulting differential
equations are

dz" — 20y’ = 3wy, + e [(4y.’ + =) cos(r — 1) — 1
2y, sin(r — 7,)]
y" + 202" — 3oy = §(=.° — 2y.* + 20) + an
e [(10y. — 4z) cos(r — 7,) + 2z sin(r — 7,)]
82" + 8z = 3yz. — 3e 2, cos(r — 7,) S

The initial conditions for éz, 6z’ etc. are all zero, because
the general initial conditions have been satisfied by ., y.,
2. Since the variation equations are a set of linear equations
with constant coefficients and known ‘“forcing functions,”
the determination of the solution is straightforward but in-
volves considerable effort. For convenience, the solution is
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carried out in two parts, indicated by

0z = 02° -+ edze
(18)

ox = 62° + edxe oy = 0y° + ebye

where the superseript 0 denotes the solution when the target
orbit is circular, while the quantities dz°, dy°, and dz¢ reflect
the first-order effect of eccentricity on the solution. These
solutions are of the form

Szr = Ag» + Asr sint + Az cost 4+ Az sin27 +
A cos2r + Aser + Aepr sint + AzPr cost
dy» = By - By? sint 4+ Byr cost - Bs? sin27 +
By? 0827 + Bgpr 4 Berrsinr + + (19)
B:’t cost + Bs? 72
dzv = Cor + C17 sint + Cyp cost + Cs sin2r -+
Cy cos2r + Cspr sint + Ceor cosT

where, for convenience, the superseript p can denote e_ither
0 or ¢ and the 4,7, B,», C,» are constants. The coefficients
in the solutions 6z°, 89, and 8z° are given by

A® = 3By’ — zo'yo’ + Toyo + F26%0")
A = =3z’ + 36 2o’y — 10 (20")? —
2(yo")2 — 30 12 — 3we? — 2zt — 2(&)?
—6yoye’ + 220"ye” — 3xoyo — 2207’
— (@) + + ()? -+ 3xo’yo — 2yo* +

e)? — da

If

45°
Ag?

I

AL = ao'ye’ — Sy’ + %ZOZO'
A = 3lxo? + Huyo? + 2@ + Fw)® +
¥ (20)2 + 32021 — 2la'yo + 2200’
Ag® = —6yoye’ + 3’10’
AL = —2lao’ye + 6(x0")? + 18y,*
By = % yo* — $(')* + d20” + 3(x)* —
122050 + $(2")? + 220*
BY = 12y4y0" — T’y — Bxeze” + 620yo + 2020
By = 2(y")? + 18xz'yo — 5(wo")? — 15y0> —
ot e | @)

1
Bs® = 2z"yo’ — Byoye’ — 2%’

B = —3(ue")? + 2(w')* — bxo'yo + S0 +
EACORESS 5
By = —6xoye + 3zote’ + 62050’ — 12y0y0’

Bs® = —21xo'yo + 6(xs")* + 18ye®
B:® = 6yoye’ — 3x0'yo’

Bg® = —18ye® 4+ 18z'y0 — & (20")?
C® = § o'z + 2x0"20 — 3yo20)
Ci® = yw'a — xo'2’ + 3yozo’

0 = =2z’ — 220 + 3yoz
Cs® = —% (yo'z0 + 220"20" — 3yozo’)
C = —% (2m’20 — 3yoe — Yo'z0’)
0 = § (dyozo — 220"20)

Ce® = —3 (dyon’ — 2a0'2")

This solution, which represents the effects of retaining
quadratic terms in the relative distance, is essentially equiva-
lent to that found by London.? Two discrepancies are
observed, however, which involve the coefficients A45° and
(%, which differ from London’s results by the quantities
(=21 x"yo + 3zoye”) and (—Lyo’ze’ + 3y02’), respectively.
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The coefficients in the expressions for dze, dy¢, and dz¢ are
given by the following:

A = ("3$ol + %yo) Sin'rp + (wO - %y(),) COSTyp
Ay = 3(xo -+ 2y0’) sinT, — 12y, costy

Ay = (620’ — 8yo) sint, + (—x0 + 2y) cosT,
Ay = —3y sint, + £ 22" — 3yo) cosT,

Age = 5 (—2x" + 3yo) sint, — 40’ €087,

Ay = — Bz + 3yo’) sint, + (—3x0" + 15y) cost,
A¢ = —3 (x" — 2yo) sinr,

A = —3(xzo’ — 2y0) COST,

By = — 2z + 3yo’) sint, + (—4w’ + 13y0) cost,
Bie = —uxy sint, — 2y’ costy

By = 2(1170 + 2]/0’) SiIlTp + <2$0' - 10]/0) COST,
By = (2x — 3yo) sint, + 4o’ cosTy

Be = —y' sint, + (220 — 3yo) costy
By =0

Be = (3zy’ — 6yp) cosT,

By = (—3x’ + 6yo) sinr,

02V

Bge = 0
Cy — —32' sint, — 32 cost,
Cy = —zpsint, — 2o/ cosTy

Co = 22 sint, + 2 €0OsT,

Cy = Lz sin7, + 320’ cosTyp

Cy¢ = —3%z sint, + 3z cost,
05" =0
Cee =0

To summarize, an improved approximate solution of the
equations of motion has been obtained which is valid for
nearly circular target orbits. The new solution is obtained
by adding to the coordinates of the Clohessy-Wiltshire solu-
tion, given by Eqgs. (15), the variations in coordinates given
by Egs. (18-21).
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[YIn order to evaluate the aceuracy of the new solution, some
comparisons have been made between it and independent
results obtained numerically via Kepler’s equation. The
caleulations were simplified by taking initial conditions so
that the interceptor would move in the orbital plane of the
target vehicle, i.e., 2 = 0. Also, for convenience, the calcu-
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Table 1. Initial positions and velocity differences for
accuracy evaluations

Case T AV, fps )
1 0 100 0
11 w/2 100 — /4
11T /2 400 — /4
v T 827.52 T

lations were carried out backward in time, i.e., the vehicles
were assumed to initially occupy the same position but to
have different velocities.

In the four cases presented, perigee and apogee of the target
orbit were chosen to be 200 and 400 miles above the surface
of the earth, respectively (¢ = 0.0234). For each case the
initial position 7, and the velocity difference AV are listed
in Table 1. In addition, the pulse direction is denoted by
the angle ¢, which is measured positive in a counter-clockwise
sense from the positive X direction. The numerical results
for cases I, II, and III are shown in Figs. 2-7. For com-
parison purposes, results based on linear theory are shown also.
To obtain these, the eccentricity of the target orbit is taken
into account but quadratic terms in the relative distance
are neglected. As expected, the linearized predictions are
accurate for a short time until the distances involved become
rather large, which occurs in approximately % revolution
(r = ) of the target orbit for the cases investigated. There-
after, the linearized results differ substantially from the
numerical solutions, particularly in the vertical component of
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the distance, while the present approximate analysis yields
accurate results for about 2 revolutions of the target.

Tigures 8 and 9 indicate the accuracy of the present analysis
for a rather extreme case of a large initial velocity difference
(AV = 827.52 fps, which yields an apogee altitude of 800
miles for the interceptor) in which rapid breakdown of the
predictions can be expected. Even for this extreme case,
the qualitative features of both X and Y are predicted by the
quadratic solution, and for relative distances less than 2500
miles, the predictions are quantitatively accurate.

III. Velocity Components for Rendezvous

We shall now apply the results found in the previous sec-
tion to the problem of determining the relative veloecity re-
quired of an interceptor so that it will rendezvous with the
target at a prescribed nondimensional time 7% Such a
rendezvous requires that

2(r%) = y(ir*) = 2(+%*) =0 (22)

which constitute three equations to determine the unknown
relative velocity components zo', %o’, 25’ in terms of the known
quantities zq, yo, zo, and 7*. Hach of Egs. (22), in its de-
pendence on the velocity components, is of the form

(linear terms) + (quadratic terms) + f(xo, Yo, 20, 7%) = 0

(23)
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For any specific case, these equations may be solved numer-
ically by an iterative procedure. This would yield results
of similar accuracy to those of the previous section. How-
ever, with an additional assumption, it is possible to deter-
mine an approximate solution of Eqs. (23) in the form

’ 7

2o’ = + e =y + e 2 =2 + e (24)

where (z)/, vi/, #/) is the solution of Egs. (23) when the

quadratic terms in the initial velocity components are

omitted. By substituting Eqs. (24) into Egs. (23) and as-

suming that the corrections (e., €, €;) are small enough that

their squares and cross products are negligible, we find that

the corrections satisfy a linear system of algebraic equations.
The equations to be solved for 2/, v/, ;" are

Loz + Ly + Laz2)) + Lo =0

i

Moz + M, yz' + Myz) + My =0 (25}
Noz/ 4+ Nyy/' 4+ Nezi/ +- Ny =0 ]
where

L= 41 +"9yo) sint* + Sy sin27* —
3(1 4+ Tyo)yr* — 21yer* cost* 4+ e[(—3 +
6 cost* — 3 cos27* — 37* sinr*) sinr, +
(—87* cost™* + 3 sin2r* — 37%) cosry,)
Ly = 3 (4 4 15y0) — 3wosine* — 2 (1 4+
3yo) cosT* + 3zer* — Jyo cos27¥ —
6yor* sint® + ¢[(6 sint* — 3 sin27* —
37%) sintp, + (—F + 2 cost* — § cos27¥) cost,]|
Ly = 320 — 2z cost* + 32 cos2r* (26)
Le = x0 -+ 3xayo + (—6yo — 30ye* — 3ze? —
2%) sint* — Bxoyo cost* + (— 2y — Lzg?) sin27*
320 + x> + L ye® + 3207 + 18ye’r* cost* +
e[(Zyo + 3xo sint* — 8yg cosT* -+ Jyo cos2r* —
3xer* + 6yot* sint*) sint, + (@0 — 12y sine® —
Tg cosT¥ — Jyo sin2r* + 1byer™ 4

Byor* cosT*) cosT,] ]

My = —2(1 4 6ys) — 3z sint™ + 2(1 +
Qo) cosT* — Byg cos27™ 4 3aer* —
2yer* sint® + 18yer*? 4+ e[(— sinr* 4
2 sin27* — 37* cost*) sinT, +
(—4 + 2 cost™* 4 2 cos27* 4 37* sint¥) eosT,]
My = (1 4 12y) sint® — 3y, sin27* —
12y07* + Byor™ cost* + e [(—3 + 4 cost™* — i
cos27¥) sint, + (—2 sint* -+ 8in27*) cosr,] “ (27
My = z sint® — 1z sin27*
My = 4yo + 22 yo® + Zw0® + 2% + 6Buoyp sint* +
(—3yo — 15ye? — Jxo® — L20%) cost* + (e —
12%) €0s27* — Bagyor™ + 18y’ * sint* —
181027*2 + € [(—2x9 + 229 cosT* — 3y sin27* 4
6yor™ cost*) sint, + (13ye — 10y, cost* —

Byo cos27* — Byer™* sinT®) cost,]
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No = 320 — 22 cost™ — 25 cos27* — 3z7* sint*
Ni = zy sin7* — Jzpsin27*
(1 4 3yo) sint*
6yor* cost* + e [(— 5§ + 2 cost™* —
1 00s27%) sint, + (— sint* + % sin27%) cosr,]t (28)
Ny = —3yoz + (20 + 3yo20) cosT™ +
Byezo c0s27% + Byozer™ sint* +-

Il

N:

3o sin27% —

e [(—z sint* 4 3z sin27%) sinr, +

(=82 + 2 cost* + 20 c0s27*) cosT,]
The equations to be solved for e, €, €. are

Qoéx + ‘Qley + Q2ez + Q3
Poe, + Prey + Pie. + Ps
Seex 4 Siey + Sze. + Ss

0
0 (29
0

where

Qo = Ly + 2L; 2" + Ls yz' + Ly 2/
Ql = In 4 2L, yz' + L ' + Lgz/
Q= Lo+ 2Ls2’ + Lz + Lsy' (30)
Q= Liz)'2+ Lay? + Ls2/? 4+ Lo 'y +
Ly xt'zz' + Ls yz'zz'
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The corresponding expressions for Py, . . ., P3 are obtained
by replacing coefficients Lo, . . ., Lgin Eq. (30) by Mo, . . ., Ms.
Similarly, the expressions for Sy, . . . , S; are the same as that
in Egs. (30) except that Ly, . . ., Lg are replaced by Ny, . . .
Ns. The additional constants that are introduced are

?

Ly = —10 sint* — sin27* 4+ 67% + 67% cost*

L, = —2sint* 4 1sin27* 4 $7%

L = Ly

Ly = —3 4+ 2 cost® + cos27* + 3r* sint™

L7 =Lg=0

Mg = 3 — 5cost* + 2 cos27* + 67% sint* — §7%2
My = —3% + 2 cost* — % cos2r* (31)
Ms = —3M,

Mg = —7 sint* + 2sin27* 4+ 67* —37* cosr*

M; =Ms=0

N; =Ns=Ns=Ng=0

N; = — sint® — sin27* + 37* cosr®

Ng = & — 2 cost* + § cos2r*

Thus, by solving the two sets of linear equations, Egs. (25)
and (29), by standard methods, approximate solutions for the
initial velocity components may be found. The results found
in this way are general in the sense that they are literal, but
the region of their validity is restricted by the assumption
that quadratic terms in the corrections are mnegligible. In
order to assess the accuracy of these results, we construct
two test cases in which the target orbit is the same as that
for cases I-IV, and the interceptor moves in the plane of
the target orbit.

For case V, we first determine (via Keplerian analysis, for
specific times, such as r = —0.1 7, —0.2 7, etc.) the relative
position and velocity of a vehicle which at 7 = 0 is coincident
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with the target vehicle at its perigee, and moves in a direction
tangent to the target orbit with a speed of 100 fps larger than
the target speed. Then by using the relative coordinates
of the vehicle, at say 7 = —0.2 7, we find the velocity com-
ponents required to rendezvous at ¥ = 0.2 = by the approxi-
mate method. Although the velocity components found in
this way can be compared directly with the Keplerian ve-
locity components, it is perhaps more useful to determine the
distance between the vehicles which actually remains at the
time 7*. This “miss distance” R(r*) is determined by using
the approximate velocity components and Keplerian analysis.
The results of this process, shown for several times 7* in
Fig. 10, indicate that the miss distance is less than 0.5 miles
for 7* up to 0.8 v. For comparison purposes, Fig. 10 shows
a second curve labeled Rn(r*). This is the miss distance
that would occur if the approximate components of velocity
were based on neglecting the quadratic terms in the coordi-
nates in Eqs. (10), which is equivalent to retaining only those
terms in Egs. (23-30) which are linear in the relative veloci-
ties and coordinates.
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Case VI is the same as case V except that the mterceptor
speed exceeds the target speed by 250 fps, instead of 100 fps.
Figure 11 shows miss distances for this case based on both
quadratic theory and linear theory. In addition, for the
path intended to rendezvous at 7* = 0.7 =, the minimum
distance between the vehicles is shown for comparison.

Figures 10 and 11 indicate that, for the two cases studies,
the quadratic theory is considerably better than the linear
theory for purposes of determining velocity components
required for rendezvous.

IV. Conclusions

An approximate analytical solution has been obtained for
the equations that describe the motion of an interceptor rela-
tive to a target vehicle in a nearly circular orbit. Although
the eccentricity of the target orbit is restricted to small
values, the results of this investigation are directly applicable
to a large group of near-earth target orbits. When the
target orbit is circular, and only linear terms in the coordi-
nates are retained, the solution yields the results of Clohessy-
Wiltshire, whereas if quadratic terms are retained, London’s
results are obtained except for discrepancies in two terms in
his solution.

Numerical results indicate that the new solution is valid
not only for the terminal phase of the rendezvous maneuver
but also that it furnishes accurate results when the relative
distance is quite large, e.g., on the order of a thousand miles.
In the cases investigated, the linearized solution is applicable
when the rendezvous time interval is small, but the quadratic
terms in the distance must be retained when the distance
becomes large and the rendezvous time corresponds to one
or two periods of the target orbit.

An approximate explicit expression is derived for the
velocity components required to effect rendezvous at a pre-
scribed time. The accuracy of these results is found to be
very high for the two cases investigated.
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