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CELESTIAL MECHANTCS PROBLEMS OF SPACE FLIGHT, PART II.

/WF@?lﬁw%ﬂg-zﬁ the trenslation of "Himmelmechanische Prob-
ese der Reumfahrt® (English version above) by K. Schuetie
1m Flmgknerpa? Vol T, Jamusry 1960, pages 10 - 15..7

It . The Fivst Caloulations of Flight Paths

to the Moon and sround the Moon.

52

Some inferences frow the problem of & rocket path to the moon

The selenlations of E. “twamgy@n and his coworkers have res u3t@é
in the successful investigation of st least one chwe of the extended
fpreblems rostreint™ relating to periodic orbita. The weny hundreds
of orbital caslculations, which they have wade in the gourse of a geuer-
stionts work, largely made possible by the finansial support of the
Carlsherg Faunﬁﬁ&i@ﬁg Capenhagern, aa&stmtuta @ valuable plensering
gffort.

Tt will be necessary to continuwe sud exiend this work, if we sre to
compute with certainty and master the paths to be followed by a space
ship on ite way to the moon and beyond.

Two circumstances, which are of decisive jmportasce in finding such
?abhu@ deserve special emphesis. '

Firstly, with the aid of elestronie compulers it is now pessible to
complete the caleulations themselves move than one thoussnd times as

Fast as before. Without this povel assistance it would scarcely be

possible for flight caleulations %o keep pace with techaical devel~
opments. However, it must not be forgotten that the preliminary work
involved in programsing, which, i1t is trus, need be performed oply
ffﬂe“ itself requires a conslderable smount of time.
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Tgéﬁandly, within the foreseeable future it will be necessary to go 1
beyond the phase of socalled passive flight and develop active flight
paths. . :
Yherens in pazsive fllght the paih ig ﬁﬂzérmzm@d by the
ing data, in active fiight the speed can be varied by meang
gdditional impulse, tripgered during the course of the filg te

.

would be practically the seme as starting with snother initial vel- .
ooity. OUr in other words: if a kind of HL11l houndary curve (§1V@ﬁ by
the dinitisl conditions) exists for the original path, in active flight
it will be possible to go beyord it by applyluag an edditional impulse.
H&fﬁ lies the essential difference with respect to the paths followed
by &1l the natural celestial bodies. As far as the avthor knows, the
Bill boundary curves for four bsdxes with the mase relationships glven
by the asolar system (sun, earth, moon, rocket) have not yet been in-
vestigated. e -

4§

e
ety

Y

The part i nlar senditions for a rocket flight to the moon

When we come to malte pr“vtacal uge of our kmawle%ge of the poss-
ibilities of wolion in the planetary system, we realize that the mass
of the sun is very much the dominsting fastor. Even Juplter, *hﬂ giant
planet, has o waps only L/1,047th of that of the sun. Thus, meny probe
lems of motion can be trested as perturbation problems.

In our nresent »Gn&lﬁﬁ“ahiﬁﬁﬁ we may first dlsregard the other
planets because of their relatively swall masses and gresi distances
and, as far as flight ﬁ&?ng to and ground the moon are concernssd,

regtrict mquaIVﬁ@ te the four bodies - sun, earth, maoon, rocket. If
we pui the msss of the sarih egueal to 1 and take the aversge distaunce
between earth and moon (384,403 km) as the unit of distence, we shall

. have the followlng mess ratics and distances:

! ‘ Masses mesn distances

o Ry o * L cortn-moon = L
Beon 3335, b5k gun-moon = 380,k
BMoom = 1:81.31 earth-gsun = 589.&4

H

(practically zerc)

%

w
rocket

Doubtlezs we are faced with a true four-body problem. However, the
conditions are complicated by the fact that on launching and in the
vicinity of the sarth the attraction of the esarth predominales.
Hevertheless, the abaric point belwesn earth and sun is only about
tgﬂuthlrés ¢f the lunar distance sway. From this point on the ﬂmi
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attraction @f bhe gun predgminatasg ngturally, it mekes its@lt f91£"1
@ven before this but im the vieinlty of the earth is completely
overghadowed by the ativaction of the esrth itself.

Thus, & spece ship which goes beyord two-thirds of the lunay
distance is seblect mainly to the attraction of the sun. Now 11 the
woon lies in the direstion of motion of the space ship so that the
latter approaches the moon, then the sberic point between earth and -
moon 1ies at nine-tenths nf the Juner distence or sbeut 23 lunar
redii mway from the moon. If thi# peint ie passed, the space ship:
srrives in s reglon where the sttraction of the meon predominates.
At the ebaric point betwesn earth and moon the accelerstions due to
the putual forces of attraction act in aﬁp&&it@ ﬁii@miinmm and sre
eounl in megnitude; they are still only 0.33%2 en/sect. Fig. 10
illustrates the rela atienships schematlcally in a rmt&tiu@ goordin-
: " ate systesm. At the sbarie point N & guits small impulse is gufiic-

ient to tske the space ship sround the moon or else to cause it to
impact uwpon the latier.

Mmeﬁ bobe Mo
P gw o
S,
N

@
+
7
¢
¢

v
Tievde

Fig. 10: Problems of & flight path to the moon (schematic)

(From: K.Schuette, Die Weltrsumfahrt hat begonnen

(Bpsee travel has begun), Herder-Teschenbuwch, Me. 11, Znd ed,
Freiburg, 1958, p. 160. (Mond = moon; Erde = earth; Mondbahn =
orbit of moen). t
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Tﬁ Finally, there ies yet anéther sbaric peint, between the sua—~1
and the moon. Ab the ﬁar»huﬂan distance the asceleration due to the
attraction of the sun is still sbout 0.6 cm/secd; at sbhout 16,5 luner
radii from its wid-polnt that due to the moon has also decreased Lo
this amount. It follews that a circle, which contains the sberic point
between gun snd mocn, lies somewhat closer to the moon than the cCorres-
ponding one for earth snd moon. More precisely, them, & space ghip,
which has passed the ebaric point between earth and moon st & dig- —
tence of 23 lunar radii, remsins in the region dominated by the
.attraction of the sun, until it has aynre@chﬁd within 16 5 lunar

radii of the center of the moon,

~ These relationships, merely hinted at here, suggest why. the
theory of lunar motion iz the most difficult preblem in celestial
mechanics we knos. :

ey

Orbital and escane velocities at various altitudss above
the earth's surface and the launching veloelly required
to travel lunar distances

Ff R 1%fthﬂ radive of the earth and g, the acceleration due
to gravity af the earth's surface, then the arb;tal veloclity Y, at
the altitude B km zbove the surface of the earth ie given by th%

good approximstion formula:
Vg == R %/" 99' . (28)
The corvesponding escape veloclity v, 1is then found from the energy

integral to be:
‘ toxy w2 5,{5 ¥g. (29)

Thus, the deoyease in gravity with height, but not the frictional

registance of the aimosphere, is taken inte account.

Taking B = 6,378.2h kn end g, = 9.80665 m/ae02 we get the

following veluez for v, and v at altitudes of from O to 500 km:

e

L - N
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It iz ewvident that in the lowest layers the orbital veloc

1ty de-
creazes by 31 te 28 w/lmes for every 50 ka incresse in aliitude

the corresponding figures for the escape velocity are 4% Lo 40 w/sec

Between ﬂirﬁulm* orbit an d @urrb e {
t 7

seaps velooiiy)
poss zﬁi@ @l iipt o

& &
¢ of tkm‘

:

distance ig determined only by the magnitude of the we
the direction (see energy integrall), whereas the dire
velooity vector iz linked with The pesitlion and form @* z
From the astronomical point of view, the problem of dcrar% ning orblis
from the velocity vector has so far been of no interest, as thl

barmm@wt}, th&t is by hh@ veieﬂxt? vector. Howsver, b1

veotor is iy vnknown where newly discovered celestial bodies
are conGers s far az the approash of world spsce travel is con-

cernad, this problem of the detersinstion of an orbit from the veloc-
ity v eﬂfn Yot firat solved by the suthor in 1953/5h for the case of
motion in & plane / 24 /.

If we now inguire how great the speed must be to aschieve lunar distances
in paﬁgiV& flight within the two-body prohlen, we find that it must

be very close to the escape weloclty. On incressiang the Jaunching
velocity o, eay, 10.0 kn/sec & maximum altituvde of sbout 4 earih

radii is attained, 11 ks/ses would take us to an altitude of somewhat
more than 28 earth radii, thet is  just half the distence to the moon,
If the lzuuching velocity is increased beyond this point in 10 »/sec

=
ey

&

agteps, then, theoretically, we pget the followling relstionships, assum-
ing that at burn-out a turn is wmade inte an elliptical orbit at right

sngles to the radiuvs of the sarth:

et
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Tﬁ: Characteristics of an elliptical orbit on increasing 1
¢ the lsvnohi z:xgm velocity in the lemediate viednity of

the + velonity {‘m the Bwnebady pqws\bwv‘? Sen _,,7
lsunching FEeoentri~ Attained at apogee  Orbital
velooity ity of pariod
(at bars~ orbit . Hex. dis- Min,
out) tanceé in  orbitsl Deye Hra. -
km/sec garth veloelty
radil kn/sec

11,01 g onm 0,347 ]

1,07 0,94 | 33,78 @, 7 't

14,05 | @,,5,@ L 3mae 4 1

14,06 L 6,953 L s 5

11,07 0,957 [ 45,09 &

11,68 0.0 | 4858 ¥

11,62 o0 | saer &

1952 ger Posm §

LRI 0¥ | 888 1%

Here the actval helght of the uagﬁwmlmg of the orbit at burn-out ie
Bot tsken ints sccount, Furthermore, the initial dete for B and £,
are not guite the seme as in the pran&diﬂw table. Winst is lmport-
ant, however, is the recognition that on approsching the sseape vel~
eoity even & slight inoresse in the lsunching velocity cav have a
guite considersble effect on the maximum distence attained at mpoges,
It is also pessible to imagine thet an sogular error in the starte
ing velecity might likewise be of the grestest imperisnce. The
ﬂmeape veloclty of 11.18% ks/sec, glven above, is grobably suffic-
iert to lesve the esrth but it is pot sufficient, if the intention
is to leave the polar aystem. AL the earth's distence frem the sun
ite orbital veloclty about the sun is 29.766 kn/ssc; this is pre-
claely the mean velocity of the earth itself im its very nearly cir-
cular anvual journey arcund the sup. Thus, the escape welocity re-
guired 1o leave the solar system from the position of the sarth, but
without teking into account its owa attraction, would be W7 x 29,766
km/sec = 2,005 km/sec.

However, it would be falee to sssume that if the launching were in

the directlon of the tangent teo the earih's orbit snd in the soame

sense en the motion of the earth, only 42,095 - 29.766 = 12,3%

km/oes would be reguired to lesave the soler system. The figure must

be further ifcreas @d as in any event it is necessary to overcoma
i}h@ earth ‘s gx&%ifafiﬁnﬁl field.

narton

-6 .
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{*' The importance and soope of numerical flight calculatlons 1

“

Our cengidersition of the three- and four-body problem wes
deliberstely wade somewhat detsiled in order to establish clesrly
and unmisbakahly that a generally valid analyticel solution for &
flight path to the moon does not exist. For many pucrposes it may
suffice to regard determination of the flight path zs a three-body
problem; however, it would be surer and in some csses - especlally.
in circumpavigation of the moon - necesmsary to take into account the
effect of the sun and trest the problem as ore dnvelviag four bodises.

-
.

The oply way open is that of numerical integration of the dlffer-
ential equations of meilon of the spacecrafl. The potentislities

of this method should not be overestimated, however. It ls trne that
any degree of computational scouracy is atteinable but, in general,
it is only possible to wmeke statemsnts about the interval of time
sparnad by the momerdcal integrastion and no more. The single except-
ion to this is when the flight veth cleses upon iteelf, that is when
& periodic solution is found (of. Stromgren‘s periedic orbits).

Howewer, the fazct that wodern electromle computers sre alraady caps-
ble of calculsting the flight vaths of spscecraft iz brought out by
the following two examples:

1) The Awerican IBM 70% compuier in Cambridge (Masa.) took 21 secs
to caleulate the orbital elements of Spuitnik I from the observation
data £ 26 7. An unusually sdept astrorvomsr requires st lemst a 1,000
times as long, that is abeot six hours, to wake ithe szme c¢mlcwlations.
The IBK 704 can carry out 40,000 caloulating operations per second.

2} In a rocket lauvnching there is ususlly iwo to three minutes
between burn~out of the second stege and igpition of the third stage.
In thie short intervsl electronic computsrs heve been successfully

employed to derive preliminery £light patd elements freom the initisl

observation date aveilsble, so that this informetion can be uvsed for
triggering the ignitlon of the third stage in the senss of a desirsd
or neceagary flight path correction,

0f course, such rapid intervention presupposes that the programming
has been worked out ig advance.

Since 1957 a serles of investigations and flight path calenl-
atious have azlready bemn made by means of pumerical integration and
thesze are disvussed briefly beleow. With one excepiion these caleul-
ations are davoted to so-called passive flights, which are deltermined
sclely by the bura-~put velocity.

v ) 3
i

Py
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The Soviet flight peth caleculations

The Russisn
mﬁa%ﬁmwrawimx

5 have been made primerily by

Yegorov bas shown /27 7, /2877, /72977 that it is not even
sheolutely necessary to bring the spacecraft into a path leading -
dirpcily to the moon. & peih with its spoges sbout 250,000 ke from
the esrth is &ufilgxﬁnt: this is two thirds of the distance to the

woon. The disturblag inflvence of the moon gradually meodifies and

’

this path, uwatil, faally, alter hun&rvMB of orbits, it
5. 85 fer as the moon. This would constitute z thedretical win-
Aght path, wvhich, however, could have no lmpéttﬁmﬁﬁ in
l @ LL}&

Yegoroy then procesded 1o salculate a very lhrww pumbgr of
poessible {light paths to and arcund the moon, conbtisually changing
the gtarting conditions. Him results may be summerized as follows:

&) Flight paths to and arcund the moon.
1) It is eamy to caloulate a flight path intended to hit the moon.
11, Tor example, the sctual moon fiight path begine at burn-oub

200 km shove the earth, the moon will still be hit, if the error in
burn~oul veloeity is not more than 0.3% in angular direction or 50
B/sec in speed.

2) It is also easy to caleulate z fiight path which circles the
mren at a great distance,

3) However, it is wvery difficult to caleulate a path which cireles
the moon at close range.

Cirelimg the moon at close ramge, at a distence of about
27,000 ke, reguires an sccuracy of 177 in the launching angle at
bura-out (1}. Toedey this atill liess far beyond the accuracy of which
we are techuically capable.

b) Flight paths arousnd the moon and the earth.

raft back inté the

These Tilght paths, which bring ibe spacec
] se¢, of the grestest practical

im

43

indty of the earth, are, of course,
ntarest, iﬂzqriﬂﬁg to Yegorov they are
tio

2 mprobably unstable and
very asensitive to the slightest varis

in velosity (a few mm/secl).

A few examples of the nuﬁ*%mua flight paths calculated by
Yegoroy are given in Fig. 12, assuming that the lumar orbit is

“

clreulsy.

L | : o
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Fig. 11: Mindmam flight path for reaching the moon
gecording to Yeporev. (Umlauf = orbif;

- Mond = moon; Frde = earth). Figures ave
' pnite of 1,000 km. From O,W.Gall and W, Pats
Weltraumfahrt ( Space Tvavel ), publ. by

“

Hanps Heich, Mundeh, 1258, Fig. 38, p. 92.

Y
- T 3 .
#h g P e Bt v\t?ﬁ'v‘ f‘/t{-\ ‘W" Yo Aa
. e | )
\, ,-l,./
e
£ by A, ~Eq
(3
: /7 <7
v S s

Fige 12 A few 9mamphew of pas
moon and back snd a f w.p~
{feoording to ¥Y.A. Yeg

In the four exerples illustrated the upper row in Flg. 12
the fiight pathe in e rotating coordinate system, related to !
xed line drawn between esrth and moon (ﬁﬁl, ME.,, hﬁv and NFA}?“'

- 9 -
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.

Tfﬁh& row beneath reproduces the ssme motlon in a statlonary co‘:zrrciin:m1
ate system, in which M,E. and so on denote the respective atarting
positions of esrth snd mdon. Alsc shown are the positions M, H? soo
of the moon, ccoupled by the latter vhen the spacderaflt - ”
hag traveled the sarth-moon distance from the serth. In the third

example it loeks as if the moon is mot circled. However, this is

not se, for in the forther course of the flight, in which the space-

eraft goes beyond the lunar orbit, the moon naturally continues e

along its path and when the spacecraft re-crosses the lunar orbit

or its return journey, it passes the moon on the other gide. Thus,

in this case toc the meon is circled. In the fourth exswple, the

moon is hit from behind. Unfortunately, Tegorov has only made a

partial allowance for the effect of the sunm in hls caloulsations.

The Americen and the first German flight path caloulations

The acuteness of the problem is indicated by the fact that
Awerican work hag been published almost simultaneously with the
Fussian investigations. ' :

&) Krafft &, Ehricke'’s flight path calculaticns.

krafft A. Farvicke hes published his investigationz im a series ol
fundzmentsl works, onliy a few of the most imporiant concluglons
of which can be given here /3077, [ 3177, [ 387

In the gravitstional field between earth .and mocn the vel~
ccity decresses move rapidly, anyhow, than in the two-body problem,
for the gravitational vectorsn of earth and moon are mutaally
opposed. Thus, at times the sun, as a fourth boedy, will be capable
of pleying an important part. Io his YCislumar Orbits® L3077,
therefore, Krafft Fhricke investigates the effect of the sun with
somswhatl greater precision. ’

‘ ., Naturally, compared with the ocriginal burn-out velocity of
‘the moonship the absolute wagnitude of the solar effect is emall

but it should not be overlooked ithat the effect of the sun extends
over o falrly leng interval of time and thaet in this section of

the flight path the velocity of the moon probs its2lf has already
bescome very much smaller. Thus, the sun may produce relatively large
movemenig, i.e. flight path changes, which for their part lead

to congiderable seond-order disturbamces due to the moon.

Thiz esn be seen wery clearly in the worked cut example
shown ip Figs. 1% and 14, The starting conditions are:

The moon pf@be staris at an altitude of 555.9 knm (= 300 nautical
Imiles) above the surface of the earth with a velocity of 10.6518 km/sec.

- FOR OFFICIAL USE ONLY
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As &t this altitude the escape velocity ie 10,7314 km/sec, the —
- lavnehing veleolty is §¢Pé% of thiz figure. The imitisl position
iz such that the moon lles st 50° below the direction to the sgun.
The lunzy orbit ig »MMRG o be olrvenler. The flighi path

of the noon probe is asinted, cuce without and oncse with

the effect of the aun, d.2. in the form of 2 three- and a four-body

‘probles.,
- In the first casms & }unimum distance of 1708.% ke Trom the
anter of the moon is schievsd: this wesns that the moon, the
£

radive of which is 1,730, } m, i& Bits. In the second case, in which

the effect of the sun iz teken inte sscount, the same 1?1%%@1 o

ditions pive & minimum distance of 4,1354%.0 km from the Cﬁ%4$? of

the moon, The moon is then circled st a beight of 2,336 ku shove its

surface. Thin showe very clearly ithel we canuot ma&mu]w%w and lgnore
) the effect of the sun, alt any rete Lif we siart very ¢lose ta the

egeaps velocity.

£
[, S— _3
- ——— 4
o i 'y 2
gy, ﬂwf::; ,.’;7_‘ 3
oo Al 5 0ff
o B Sentn i
. ’%‘;:k':(l'vy - """‘""R” )" 1
. L . N‘ﬂ.ﬁré@r i
. - fi - R, # e ¥
] . [

05
o 10 W ] Whm 40
) Fig. 13: A flight path to the moon snd baok disrsgarding
and sllowing for the @ff@@t of the sun. According
to Kraift 4, Fhricke: Instrumented Comelg - Aslrd-

nsutics of selar snd planetary probes; VIZTth
Internationsl Astrenanticel Congress, Porcelons,
1957, p. 106. {Senne = sun; Erde = sarthy Mondbahn =
luner orbit; Babn im Dreilkorperproblem = path in

the thyree~body problem; Bahn im Vievkorperproblem =
path in the feur-body problem). »

The modification of the flight path will be much greater when
the prebe returng in the direction of the esrih, however., Without

taking the &4n into mccount the craft uﬁll pass the earth at & dig- ‘
iiﬁn@% of 37,000 to 55,000 km, whereas in the four<bedy problem it —

- 11l -
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T”ru@ﬂ?ers the earthis atmosphere. The smemsitivity of the return path‘
fmt;mw1nﬁ an aimost hyperbolic encounter with the moon is sxira-
ordinerily high {¢f. Yegorov). : '

shows the éilfferences in the two paths following from
the same ing conditions when trested as three- and four-body
problems, hig. i ghows the sections of the flight paths close to
the moon to an enlarged scale. The figures shown at the edge of S
- *hé‘ﬁi?CLlﬁf lunar orbit (Fig. 13) and!the corregponding points

- the path of the moon probe indicate the time in hours which has
pﬁwdﬂﬁ gince the atart of the filght. ‘

This worked out example is pariticularly important as it
represents the most lmerﬁmﬂL Py sl casme: the other side of
the meon is more or less fully i nated, while we chbserve a new
BOOT . ‘

Fhricke has also worked out other examples and made an invest-
igation of the qua&%ion of accuraty, which ws can do no more then
refer to here / 317, /’%f_?

" N { 1
"'xv e e Pl thrhr
e Viack b ot
« \
.
~
........ e Py
e [ T ":::ﬂ?;.w‘.":"’%h
. “ " '&_“"
. ~
.
.,
g, -
A, e e
i .
s " e -
R ’JE».W,W“‘ -
R
i PP
p Y : e -
X0 G 3a) 600 376 000 i OO0 fomwy

Pig. 1h: Part of the flight path shown in Fig. 13 lying
in the immediate vicindity of the moon.
( wwmne thw&ambcﬂv problen) mmw. four-body probe
lem; Mondbehn = lunar orbit).

b) The investigations of M.W. Hunter, W.B. Klemperer, R.J. Gunkel
and others.

The investipations of M.W. Hunter, W.E. Klemperer and R.J. Gunkel /33,/
have quite s differsnt aim, namcl; # moon shot that will hit the !

- 1:{3 -

FPOR OFFICTIAL USE ONLY



FOR OFFICIAL USE ONLY

Taﬁaan or even guite defivite parts of the woon. Starting from the |
foct that s flight pathk to the moon ls particulerly seaeitive to
an ervor in direstion at bursecut, 2 firat - as far as the suther
« - abtempt is made to imtroduce sctive filght paths into the
phah;wm‘ Thege are {light paths which can be medified by means of
an additional brief iwpulse during flight.

A we know, in the itwoe-body problem the woon is resched in -

about 5.5 days with ep ellipticsl initial welscity 1 % less than
the esvspe velocity. The full eesspe veloolily in & parebolic peth
reguires only two days and 1f {he escepe velocity iz ewceads :d by

only 5 %, the durstien of the flight zlomg a hyperbolic path is
already veduced to one day.

In order to get more precise dsta, flight path calsulations
heve besn carvied out by ﬂuWﬁfifﬁi nt%vxvtjan sgadn with an IBM
90k, initially for an idenlized two-dimensiopal earth-moon model
and & burn-ont at 542 e avove the surfazce of the esrth. Detailed
results are contained in papﬂrs by both H.A, Liesks Lah 7 and
.0, Goldbazum and R.J. Gunkel gmf ‘

-

Tt appesrs, first of all, that for a phase angle of 112

at the mwoment of stearting, corresponding to @ lunar position dﬁ“
below the sastern horizon at the lewnching site, there is a
pinlmum-energy elliptical flight path (burn-out velocity =
10,6070 Fm/w@a;m which will hit the neon, The pﬂvmlaﬂibAﬁ arror in
the megnlitide of the veloclty is then enly + 1.524 m/nec, however.
Hewsrtheless, 1if the ipitial waloolty is Juut giightly ineressed
te 10.6680 km/sec, the permissible ervor becomes ten tlmes greater,
i.e, 15.2% w/mec. Relstionsbips ave most favurable@ 14 the flight
path is begun at & byperbolic imitlsl velocity of " 10,782 kn/sec
{LaQ lessz than B % over the estape velocity); the mawimum possl ule

erpineible error in the initial velocity ie them + 61 m/eec. If
w@ gdd the angolaw 6?:@ @, which are psrmissible 1¥ the moon is
gtill to be Bii, we get the fellewing table:

Perpissible ervors in the initial velecity for a moon-hit

NP . Peraissible Frrors
Tnitisl velocity S

in veloality in launching sngle
106070 km/uen + 1.52% w/mes + 1.7°
10.6680 kn/aec + 15,24 m/eee + 17.2°
14, b‘?‘;"i‘i‘h:. ‘#3@” j:. 60 @ (“,}6 m/ﬁi@ﬁ:’ :i: 10 ?3 g

- 1% .
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Moad by
Badurung Bobn

Manad ke
Knderung Bohn 2

fdy

Fig. 15: Twe active lunsr shot flight pathe.

(4ccording to M.W. Hunbter, W.B.Klemperer,
K.J.Gunkel: Impulsive mid-course corr-
ection of & lussr shot. Douglas Alrcrafi
Company, Inc., Fngrg. Peper No. 674, 1958)
Mondbs hn = lunar orbit; Momd bel Anderung
Bahn 1,2 = moon st correction of flight
path 1,2, Mond beim Start = moon at launch-

ing; Bshn 1,2 = flight patk 1,25 Erde = earth.

i

N

£t first this remull sppesrs surprising. In order to be more

certain of hitting the luusr target, therefore, the authors proposs
to correct the flight path in mid-course by means of an additionsl
imguigé T, meke thls posaible, they put forward a number of tech-
nical sugeestions. Where the additional impulee is tr riggered, these
active flight paths have & sudden kink, as the two exemples shown
in Fig., 15 lilnoarat@s Tr the light of actual relationships a three-
imerpional anslysiz wes also carried out. This included the follow-
ing factors, n neglected in the two-dimensionel calenlations:

a) the inclination and eccentricity of the luner orbdt,

b) the geographical letituds and hour azngle (1engituﬁa) of the
launching site,

¢} the greviteticnal flelds of the gun and auh&r planets.

Full details are given in the report by J.C. Walker / 36 7.
In the thfawwd‘m@ﬁ sional problem it is worih noting that the
angle beiween the plane of the moon rocket flight path and the
plene of ‘the lumar orbit has a considerable effect on the results.

L - | |

-

o1k

FOR OFFICTAL USE ONLY




: FOR G FLOIAL USE ONLY

} ¢} The first Germam caloulations, i

Maln.

-

B, Touring caleulated two gpecisl flight paths inc]

luding the
moon in the space asround earih and moon and showed how the third e
(méssless) body, i.e. seraft, lcan, at a very low veloeity,
pass the ”bﬂﬁiiﬂﬂﬂ“a the Hill boundary curve ajua% o

the libration point iz investigation

howevey, it would solrable

ipplement to the wo
1 gue to the sun.

£
to take into sceou

The first smoso-lzusnc

Ie connestion with & moon launching two further practical

points deserve abtentlion. I 1t ik ﬁe@a%wﬁ to shorten the flight
path snd the durstion of the 1] kt, then the moment of lsunching
would be most fevorably timed, 4 ware a Tew days before the Jluney
perigee, which occurz once a ﬁmthT zm the meon is ihen some 21,000
kb nesrer then when st Lts meawn distance from the emrih. On the other
h&nﬁh if it ig desived Yo observe the other side of the moon, which

5 peraanently turned away from us, ther the lunar rocket must vtesch
tk” vicinity @f the gmoon, when the other side is well illuminated.
Thie is the came al new wosn.

ted

0f course, the complex motion of the moon means that t)

iitions are not fullilled simulianecusly sach month. 4 per
*.a haw@“ ry at intervals of about 1% months, when b@hh

_ : sximately colncide each month, This was so,

for &Kamﬂ#@% in tng months from August to December 1958, For this

the firat four ﬁﬁa “ican moen launchings were planned for this

tWﬂ oles

Detalls are given in the following brief review:

fmerican Roon-1a

- attempts Auguat through Dece

Leunching  Hame Leaunching New Moon Perlgen Result
date

e 17 Aug. 15 Aug. 17 Bug. gxpioded after 77 &
Ploneer 1 R AN 12 Oet. 13 Get. abouwi 115,000 kEm alt.
Pioneger IT & Hov. 1l Hov, 10 Nov. Zrd stage failed to

| ignite, 1,600 km_alt.
~ k Pionesr IIT 6 thu i3 Dec. 9 Dec. about 107,500 km alte

(CR VI
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XMI Pioneers T snd II7 both coverzd sboul one third of the distence i
to the moon and then returned. Thisz was due only to felluvre tu
avhisve the rﬁqz'r@a purn-out velecity. For Plone 2
a wurn-ont veloglt 10,759 kn/mae had bagn

arly 10485 ko 5 achieved; d.2. ;uﬁ?‘m 25l ,

This confirms thz sbove theoretlcal ressoning in co ﬁﬁ&uf&wh

the maxipwrn distance schieved snd its sensltlvity fo a woddficstion

in the burn-out velocity. Picgesr I, moresver, deviasted from ife s

e

courze by mpproximately 4 Tigi 16 gives & raw~b,pimtaw¢ af the
flight path of Piomes - meridian plane.

&
T1I, projected on &

;’l wm"‘*w;%
! s, &
I e, ey
L e,
. . o, e
\%\ e B
e
., e, W
o, g,
N B,
e, “\
e, ’N
e, . -
w.,%““ .,
~

Fige 16: The flight palh of Plomesr 111, projected on
g rotabing meridian plans. '“wﬁﬁﬁﬂify to
James A. van Allen, Louls A, Frauk, Hature
5

Ho. 4659, Feb. 1959, p. 432). Erde = eartu?
kguator = eguator; Bahp von Plenier IIT
iight path of Ploneer ITI.

Their unfortimusts practical experiences with a launching veloclty
in the vicinlty of the escape veloslty snd just slightly less than
that required have prowpted the Americans te adopt dn thelr mere
recent experiments a burn-cut velocity slightly hyperbelic wilh
vespect to the ezrth. Thus, eévern with 2 small errox it could be
sonfidently wmﬁimipat&ﬁ that the moon wonld be reached, insofar ae
the valocity did not fall below the eritical limit of the escape
veloclily as a result of umavoldable insgcursuy.

i

Thus both the Russien m&ﬂm~;&uuwh1ug of 2 Jemuary 1959
{Ke 5] and the Americsn shot of % March 1959 (Plomesr IV} waore
succespful in reaching lunsy ax&?aﬁﬁ@um Both probes then went inio
jﬁ?biﬁ@ sround ‘the sun, which are ned disaiwilar. If the orbital

s
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T»inclimﬁtian ig 41 aregarde&, the Russian artlficial pi&n@t even -‘1
resched the vieinity of the orbit of Mars (¢f. Fig. 1.

~

Both artificial planets ave
not kpown precisely enough., 1t dis sc 1
we shall ever be succezasful in obzerving th
pericds are B43 days (Metsohts) and 403 daj
their orbit they return te the starting poin t$ th& earth$ uf
course, will be in another pesition.

Conely Luelong
The conssguences derived from the celestial menhanics of the

thrae- and four-hody problems have been confirmed. There is only
one way of calenlating the flight path of & space rocket: gumerical
integration with an electronic computer. Flight path calculations
made so far have permitied very interesting conclusions. However,
we are still far from baviog dissav@?&ﬁ and wastered every possible
poth. It would be desirable t¢ satandardize the fiight paths, i.e.
always to depsrt from a fixed 3ﬂltlml altitude. Investigations of
the errors 1nvm7»“ﬁ must aiso be taken further, It would also bﬂ
rewarding to mfuﬁy the Hill boundsry curves for the given mas
r@l&t&@n@hlvma The suthor is alse of the opinion that there must
also be p@?l@&it solutions for the sun-sarth-moon-rockel four-body
problem, Finding them - perhape in the same way A8 B, Strompgren
iawnﬁ his usrxamic golutions for the limited three-body problem -
would be an acceptable and important task for the future.

Summary

Tn Pert IT the author reports on completed orbital celoul-
ations and shows, with reference to the mest recent waterdial, how
detailed has been the work of the Soviet astronomer, V.4, Yegorov,
who has caloulated about one thousand different orbits. The American,
¥rafft Euricke, hes explained the imporiance of allowing for the
éiﬁﬁu?bimg effect of the sun. A1l the caleulations indicate how

il ight paths depend on starting conditions, an accurasy
re quaraaﬂ The Germen-imerican PruAG Klepperer has shown
that ﬁ??&fﬁ Le compensated by influencing the flight pathk
actively W¢tr agrtrci rocksts. The latest German work has been done
by Prof. Thoring, who has determined two narrow path curves leading
to the moon based on the points of libration near the moon. The
goundness of Prof. Klemperer's proposalis has mesnilme been proved
by the Soviet 's hitting of the moon on 1% September 1959.

L o ~
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