
FOR OFFICIAL USE ONLY 

JPRS:  5554 

19 September 1960 

CELESTIAL MECHANICS PROBLEMS OF SPACE FLIGHT: PART II. 

By K. Schuette 

- EAST GERMANY - 

»Existing Laws relating to copyright make necessary 
that this text be restricted to the official use of 
the U. S„ Government". 
Copyright by Flugwelt Verlag, GmbH, Wiesbaden 

t 

isssssasr 
Distribution Unlimited 

ts te ii i;:',"d    U^'su.i Li   fcj Li   fcj tig?, dim 

FOR OFFICIAL USE  ONLY 

Reproduced From 
Best Available Copy 



Ä.i$¥lCIÄL USE ONLY 

•    ' JP1S; 5554 

CSO:  4533-HA 

-'",'. ' '■■■*■$ 

^l-;/^ ,**> 
■-\Vi- 

•CELESTIAL MECHANICS PROBLÖS OF SPACE FLIGHT.  PAKP II. 

/"Followiag is the translation of ,!Hiffiis@lEeob.s.EiseIie Prob- 
leme der Saumfahrt" _{.Eßglish version above) by K. Schaette 
is Flugkoerper, Vol." I, January I960» pages 10 - Vy*3 

to th.e MooR_aad ^ot^^'feg ,ffg£ü,.°:, 

fhe calculations of 1» Stromgrea and bis coworkers have resulted 
in the sucoessfal investigation of at least one c&s® of the extended 
"problesse rsstreint" relating to periodic orbits« Tm  many hundreds 
of orbital calculations» which, they hare made in the exrarae of a geser- 
atio»*s work, largely made possible by the financial sra.ppo.rt of the 
Cerlsberg Foundation, Copenhagen,, constitute a valuable pioneering 
effort» 

It will be necessary to eesatixrae and extend this work, if m<  ara to 
compute'with certainty and master the paths to be followed by a space 
ship on its way to the 'moon and beyond. 

Two circumstances, which ar© of decisive importance ia finding suck 
paths, deserve special ©mpheM©. 

Firstly, with, the aid of electronic computers it is aow possible to 
complete the calculations themselves more thaa one  thousand times as 

■fast as before« Without this novel assistance it would scareeijr be 
possible for flight calculations to keep pace with' technical devel- 
opments» However, it must not be forgotten that the preliminary work' 
in-solved in*programming, which, it is true» nmä be performed only 
©lie®, itself requires a considerable amount of time. \ 
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I Secondly, within the foreseeable future it will be necessary to go  » 
beyoad th© phase of socalled passive flight and develop active flight 
paths« 

- Whereas is. passive flight the path is detersiaed by the start- 
ing data, ia active flight the speed can be varied by means of as 
additional impulse, triggered during thö course of the flight. Shis 

_ would be practically the sase as starting with another initial vel-  ~~ 
ecity» Or in other words: if a kind of'Kill boundary curve (given by 
the .'initial conditions) exists for the: original path, in active flight 
it will be possible to go beyoad it by applying aa additional impulse. 
Here lies the essential difference with respect to the paths followed 
by all the natural celestial bodies* As far as the author knows» the 
Hill boundary curves for four bodies with, the mass relationships given 
by the solar sjstee?. (sun, earth, EOOB.5 rocket) hays sot yet been in- 
vestigated. ., „. 

Whea MB  COBS© to make practical use of our knowledge of the poss- 
ibilities of motion in the planetary system* we realise that the mass 
of- the saa is very muck the dosiaating factor. Eves. Jupiter, the giant 
plaaet* has & aase only l/l,0^?th of that of trie suiu'Turns, many prob- 
lems of motion, can b© treated as perturbation problems. 

In OIXP  present considerations we may first disregard the other 
planets because of their relatively small masses and great distances 
and, as far as flight paths to and around the moon are concerned, 
restrict ourselves to the fear bodies ~ sun, earth« moon, rocket. If 
we put the ames of the earth equal to 1 and take the average distance 
betweea earth and moon  (38^»^03 km) as the unit of distaixcg, we shall 
have the following mass ratios and disi&aces: 

Masses mean distances 

m      ,, ~  1 earth-moos a 1 earth 
m » 333*^3^ sun-moon  » 389«^ 
SIAS. 

H    a 1:81.31 earth-sun « 389*** JSJÖQ» 
IB  , ,= (practically 2®ro) rocket 

Doubtless w» are faced with, a true four-body problem« However, the 
conditions are complicated by the fact that oa launching and in the 
vicinity of the earth the attraction of the earth predominates!» 
Nevertheless» the ab&ric point between earth and sun is only about   , 
i*fo~third.fi of the lunar distar.ee away. From this point on the     __J 
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Tattraction of the @aa predominates; naturally» it makes itself felt I 
eve» before this but in the vicinity of the eartk is completely 
overshadowed, by the attraction of the earth itself» 

tee «ship wliieii goes beyond two-thirds of the Ixmar- 
distaitce is sa&jeet mainly to tbe attraction of the «m». Kow if the 
■oon lies ia the direction of motion of the space ship ee that the 
latter ©pproaefe.es the »o©ftt the» the abarie poiat between earth and 
Bieon lies at miae-tenths of the-lunar distance or about 2.3 lunar 
radii away fro® the moon» If thM poiat is passed, the space ship: 
arrives in a regies where the at tree tiers, of the seen predominates» 
At the eMrie poiat between earth and »ooa' the accelerations due to 
the mutual forces of attraction act in opposite directions sad ere 
eaual in magoitudej they ere still only 6.332 cm/see2. Fig, 10 
illustrates"the relationships schematically is a rotatiag coordin- 
ate systeau At the sMrie poiat B a quite small isspulse is suffic- 
ient to take the space ship arouad the «BOOB, or else to cease it to 

set upoa the letter« 

Meuid 
,„,„ Ms«d bahn' 

L 

Fig, 101    Problems of & flight path to'the raooa (schematic) 
(Frees:    K.Schuette,  Die Weltratuafahrt hat begoaaen 
(fipaee travel has begun), Herder«*Tasch®ab«cfe, Ho» 11» 2nd ed. 
Freiburg,  1958, p. l60.  (Mead » mooa.; Erde « earth; Mondbalm 
orbit, of moon). 

■x 
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i      Finally, there is yet aadthsr ab&ric point, between the mm 
and. the' moos* At the earth-sun distance the acceleration de@ to th« 
attraction ef the arm.  ie' still about 0,6 css/sec2* at about 16,5 lunar 
radii from its aid-point that due to the mcscm has also decreased to 

■ this amount. It follows that a circle, which contains the abarie point 
between sun and soon, lies somewhat closer to the moon than the corres- 
ponding one for earth and-moon* Mor@ precisely, the»., & space ship, 

«. which has passed the abarie point b®tw«sea earth and taooa at & die-  —- 
t&nce.of 23 lunar radii, remains in the region. domiaatoS by the 
.attraction of the sun, until it has approached within l6«5 lunar 
radii of,the csntsr of the wmm* 

Ihese relationships,' merely hinted at here,-suggest why. the 
theory of lunar »otlcm is -the most difficult problem in celestial 
mechanics we-know* 

Orbital and esoau© velocities at various altitudes above -' 

j^ijg!^k!£-gHJg^^-.j^°il-ife®l&^gM^s.ve-1'-oe^fry ge^ij-^e^ 
to travel lunar distances 

If R.■!&•<the radius of the earth asid g the acceleration due 
o 

to gravity at the earth's surface, then the orbital velocity r    at 

the altitude H km above the surface of the earth ie given by the 

good approximation formula: 

The corresponding essape velocity vw is then found from the energy 

integral to bet 

roo «= j/5". r„. (29) 

25ms» the decrease in gravity with height., but not the frictioaal 

resistance of the atmosphere, is takes, into account» - 

Taking H ~ 6.378.24 km and g « 9,80665 «/sec ws get the o 
f0l.lowl.ng values for v    ana v^_    at altitudes of fr©s» 0 to 500 k»J 
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less 
'ö€ä 

km/sec km/see 

Ö ?,¥1)?' 11,115 
so 7.S7S 11,141 

18» ?,§»' 11 „8« 
ISO' .   7,817 1t,0SS 
200 7,788 11,0*4 
25S 7,758 10,???. 
300 7,113 10,931 
35Ö 7J0S 10.8*3 
4Ö0 7,672 19-JSO 
450 7,644 10,810 
500 7r416 10,770 

It is widest that in the lowesfÜayers the orbital Telocity da- 
creases by 31 to 2.8 is/see for every 50 toe increase in altitude, while 
the corresponding figures for the escape velocity are ¥t to 40 m/sec* 

Between circular orbit and parabola (escape velocity) lie all the 
possible elliptical paths* The nature of the- path is determined 
solely by the aa.gaitude &nd direction of the initial velocity (at 
burn-out), that is by the Telocity vector« However* the attainable 
distance is determined only by the Magnitude of the velocity, not by 
the direction (see energy integral), whereas the direction of the 
velocity Tec tor is linked with the position and form of the path.. 
From the astronomical point of view, the problem of determining orbits 
from the velocity vector has eo far beer of no interest, as this 
vector is generally makaown where newly discovered celestial bodies 
are concerned. As far as the approach of world sps&e travel is con- 
cerned, this problem of the- dsterssination of an orbit fro® the veloc- 
ity vector was first solved by the author in 1953/5** for the case of 
motion iß a plane /~2kJ« 

If we sow inquire how great the speed must be to achieve lunar distances 
in passive flight within the two-body problem» we find, that it siust 
be very close to the escape velocity. CM increasing the lauach.1.B.g 
velocity to, say, 10*0 km/sec a maximum altitude of about k  earth 
radii is attained.  11 km/sec would take ms to an. altitude of sosewhat 
more than 28 earth radii, that is just half the distance to the moon. 
If the lasmehisg velocity is increased, 'beyond this point in 10 m/sec 
steps, then, theoretically, we get the following relationships, assum- 
ing that at buna-oat a turn is mad«; into an elliptical orbit at right 
angles to the radius of the earth: 
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Y^ Charaeterissticsf of aß elliptical orbit ©a increasiag 
t tM la&mi$.ng Telocity is. tha ±smMi&p&  vicinity of 
of the ©ssapa velocity (is the tw5~bely prahle») f"25~J 

Launching Escestri» Attained at apogee  Orbital 
velocity  city of period 
(at bura.»  orbit .  Max,, dis- Mia* 

out) ianc* ia  orbital Days Hrs. 
ks/sec ea.rtäi   velocity 

ra.ei±i    km/sec 

11,02 Q,9$9 31,77 0,34"? 3 21 &. 
11,03 Q,W1 i       33,78 0,327 4 *§,d 
11,04. 0,94« j       3*,05 0,I»i ,     4 1«,1 
11,65 0,950 !      31,-M ©,?,§* I     | i.'S 
11,OS Ö.9S3 '    mM 0,11« ' '   5 m,i 
11,07 •   0,»57 1      45,09 ' 0,246 ■   6 11,S ties o,«so !       49,1g 0,225 :     '/ »j 
11,09 @,?€4 S       $4,07 -   es»s S to, 
11,10 §,%7 1    «CMS 0,13$. ■     § ■H,O 
11,11      i    ' o,m   \ 76.S8 0,16S 11 ITJf 

Her© the actual height of the'beginning of the orbit at bura-out is 
aot take» into account. furthermoret  the* initial data for 1 asd g 
are not quit® the SSXB® &© is the preceding"table. What is import-0 

ant, however, is the recognition that «i approaching the escape Tel- 
ocity even a. alight increase in the IsKjacfeing velocity ens. hare a 
quit® considerable effect oa the maxirmm  distance attained at apogee. 
It is also possible to iiasagiae that as angular error ia tfee start- 
ing Telocity aright likewise be  of the greatest importance. The 
escape velocity of 11*18.5 kms/eec, given abo*et is"probably suffic- 
ient to leave the earth but it is mot sufficient, if tfe.e intention 
is to leave the solar system. At the earth's distance from the sun 
its orbital velocity about the SUM. is 29*?66 kss/ssc; this is pre- 
cisely the man  velocity of the earth iteelf in- its very nearly cir- 
cular annual journey around the sun. Thus, the escape velocity re- 
quired to leave the solar system .from the position of the earth, but 
without taking into account its o«s attraction, would fee VT x 29«?66 
ksi/see a 42*095 km/sec. 

However, it would be false to assume that if the launching wer® in 
the direction of the tang-eat to tke earth's orbit and ia the same 
sense mm  the motion of the earth, only 42*095 - 29*?66 * 12*33 
km/sec weald be required to leaw th© solar eystea!» The figure asust 
be further ija^r«as«d, as ia any ©vest it is aecees&ry to overcome 

I the earth•a gravitational field« 
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I , aflmnwl 

Our ceuslderetion of the three- and fowr-body problem was 
deliberately tiiade soraewhat detailed in order to establish clear 1;? 
and taisitrfeakably that a generally valid analytical solution for a 
flight path to tli© moon does not exist» For saaxty purposes it jsay 
suffice te' regard öetörBsi&atisn of the flight path as  a three-fco&y 

- problem} however, it would b@ surer and in some  cases - especially- Z~. 
in cireusmavigatioH of the moon - necessary to take into account th© 

' effect of the sun and. treat the probiere as cm© involving four bodies. 

The cmly way open, is that of numerical integration of the differ- 
ential equations öf motion of the spacecraft* The potential!ties 
of this method should «ot be overestimated» however« It is true that 
any degree of computational accuracy is attainable but, in general, 
it is only possible to sake statements about the interval of tiase 
epausaed by the numerical integration and no more, The single except- 
ion to this is whea the flight path closes upon itself» that is when 
a periodic solution is found (c-f. Stroragren's periodic orbits). 

However, the fact that asodera electronic computers are already capa- 
ble of calculating the flight paths of spaeecr&ft Is brought out by 
the following two examples: 

1) The- American IBM ?öh  computer in, Cambridge (Masa.) took 21 sees 
to calculate the orbital -©leaseixta of Sputnik I from the observation. 
data £^2&~J*  An unusually adept astronomer requires at least a 1,000 
times as long» that is about six hoars, to make the sama calculations* 
The IBM ?0k  cam carry out ^0,000 calculating operations per second« 

2) In a rocket launching there is usually two to three minutes 
between burn-out of the second etsg« a.ad ignition of the third stage» 
In this short iaterral electronic computers h&va been successfully 
'employed to derive preliminary flight path elements from the initial 
observation data available, so that this information ean foe used for 
triggering the ignition of the third stage in the aease of a desired 
or necessary flight path correction» 

Of course, such rapid intervention presupposes that the programming 
h.a.© been worked out iß .advance* 

Sins© 1957 a series of investigations and flight path calcul- 
ation have  already be»n made by means of numerical integration aad 
these are discussed briefly follow. With.'one exception, these calcul- 
ations are devoted to so-called, passive flightss which ©re determined 
solely hj  the burn-out velocity» 

• ■   ■ I 
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Tiie Russian investigations hairs he-en made primarily by 
W.A« Xegorov and bis colleagues» 

Yegorov has s.bow:e /i 2?.,/» ZT28.17* Z. 29.7 that it Is not even 
absolutely necessary to bring the spacecraft into a. path, leading 

- directly to the moon. A path with its apogee about 230,000 km fro«  **"" 
the earth is sufficient;  this is two thirds of the distance to the 
moon. Tiie disturbing influence of the moon gradually -modifies and 
broad©as this path, &.util, finally, after hundreds of orbits, it 
extends, as far as the WOOD. This would constitute a theoretical min- 
is«» flight pa to, which» however, could haire no Importance  in 
practice (Fig. 11)» 

Yegorov then proceeded'to"'calculate & very large ausibsr of 
possible flight paths to and around the moon, continually changing 
the starting conditions« Rie results M&$ b® stHässarissd aß follows! 

a) Flight paths to and -arcu.n.d the moon. 

1) It is easy to calculate a flight path, intended to hit the moon-* 
If, for example, the actual mooa flight path begins at burn-out 
200 km above the earth» the moots, will still be hit, if the error in 
burn-out velocity is not sjore than 0*3* in angular direction or 50 
s/eec in speed.» 
2) It is also easy to calculate a flight path which circles the 
föooä at a great distance« 
3) However, it is very difficult to calculate a path  which circles 
tti© moon at close range. 

Circling' the moon at close range» at a distance of about 
27*000 km, requires as accuracy of l?f! in the launching angle at 
bura-out (O* Today this still lies far beyond the accuracy of which 
we are- technically capable» 

b) Plight paths arouad, the jaoon ana the earth. 

These flight paths, which, bring the spacecraft back into the 
vicirdty of the? earth,„ are, of course, of the greatest practical 
iatereat. According to Yegorov they are improbably unstable and 
very sensitive to the slightest variation in Telocity (a few mm/sec!). 

A. few examples of the auiaerous flight paths calculated by 
fegoro-? are gi-r*a in. Figa 12, assuming that the lunar orbit is 
circular. 

- 8 - 
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Minimum fiigM path for reaching the aioen 
according to Yegorev»  (Tfelaef « orbit; 
Mond ts «oett|  Erde a earth)* Figures are in 
tmitra of 1,000 km. Fro® 0'„ W.Gail and W.Pefcri« 
Weltraumfahrt-. (   Space    Travel       .)„ publ» by 
Hanns Reicte.» Municht  1958?  Fig»  3-3« P* 92« 
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fig» 12: A few examples of passive flight paths to the 
moon and bask and a flight path hitting the moon. 
(According to W.A« Yegorof). 

In th®. four examples illustrated the upper row in Fig. 12 
shows the flight path.© iis & rotating coordinate system, related to 
J&e fixed line drawn between earth and moon  (ME.,, MIL, ICE, and Ml. )r 
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"["the row beaeath reproduces the ,same seotioHt ia a stationary coordia- • 
ate system, in which M,E and so on denote the respective starting 
positions of earth and moos.. Also shown are the positions M.,, M? ... 
of the siooa» occupied by the latter when the spacecraft 
has traveled the .earth-soon .distance from the earth« In the'third 
example it looks as"if the soon is not circled. However, this is 
not so, for in the further course of the flight, in which tha apac®» _ 
craft goss' beyoad the lunar orbit, the moon naturally continues    I- 
along its path and «hen the spacecraft r«-croseess the lunar orbit . 
on its return journey,- it passes the soon on the other side. Thus, 

' is this case too the moon is circled. In the fourth example*, the 
moon is'hit from behind« unfortunately, 'Yegorov has only made a 
partial allowance for the effect of the sun in his calculations» 

The asutenese of the problem is inaieatsd by the fact that 
American work has been published almost simultaneously with the ^ 
Russian investigations. 

a) Krafft A, Kirieke's flight path calculations» ; 

Krai'ft A. •Ehrieke? has published his Investigations in a series of 
fundamental works, only & few of the most important conclusions 
of which can be given here £3QI7** ZT~31_./. Z732J7* 

In the gravitational field, between earth -and »oon the vel- 
ocity decreases mor© rapidly, anyhow, thaa is the two-body prob less, 
for the gravitational vectors of earth and soon are mutually 
opposed. Uhus, at tisses the sun, as a fourth body, will ho capable 
of playing an important part. Ia his "Gisliraar Orbits'* /3®~I7» 
therefore, Krafft Shriek© investigates the effect of the sun  with 
somewhat greater precision* 

, Naturally, compared with the original barn-out velocity of 
'the Koonship' the absolute magnitude of the solar effect is small 
but it should aot be overlooked that the effect of the sun extends 
over a fairly long interval of tim<& and that ia this section of 
the flight path the velocity of the mooa'probe itself has already 
bacons© very much smaller. Bras, the sun may produc© relatively large 
movements, i.e. flight path changes, which for their part lead 
to considerable seoad-order disturbances due to the moon* 

This can be sees, very clearly in the worked out example 
show» is. Figs« 13 and 1^, The starting conditions are: 

The moon probe starts» at an altitude of 555-9 h® O 300 nautical    . 
imiles) above the surface of the earth with a velocity of 10.6518 tea/sic, 

10 
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T~~AB at this altitude tfa© escape velocity is 1G.733A km/sec,  the 1 
■ launching velocity is $fy*2&% of this figure«,    The initial positioa 

is.such that the moon lies at 50* b©low the direction to the sua. 
The lunar orbit is again ssstiffisd to fee circular«    The flight path 
of the ssoon prob© is then, ealculateä,  once without and once *?iih 
the effect of the stm, i,«» la the form of a tkre©» BM a. four-body 

■profol®®» 

tfc© effect o 
«scape velocity, 

Fig. 13t A flight path to the moon,  sM back disrsgardiag 
and. allowing for the effect of the sssu According 
to Krafft A. Ehrick©: Instruffl^nted Coasts ~ Astro- 
ssxttics of solar mä planetary probes? Vlllth 
International Astroaawtic&l Congress, Barcelona, 
1957» P« 100, (Sonae « sun; Er&@ » earth«, Mondbahn a 
lusaar orbit; Bahn im  Dreikorperproble» » path in 
the three-body problem; Bahn im Vierkorperproblera «s 
path is. the four-body problem)» 

The modification of the flight path will fee nach greater when 
the prob© return® In tfea direötle® of the earthy however* Without 
.tailing the'lssn into account the craft will pass th« earth at a die- 
lta.B.e® of 3??000 to 55*000 km* whereas in the four-body problem it ~" 

11 
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f*rocntere the earth's atmosphöre« The sensitivity of the return path» 
following an almost hyperbolic ©.»coaster with the moon Is extra» 
ordinarily high (cf. Ysgorov), 

Fig» 13 shows the differences in the two paths following frosi 
the sasse starting conditions when treated as three™ and four-body 
problems» Fig. Ik  shows the sections of the flight paths close to 
the moon to an. enlarged scale« The figures shown, at the edge of 
the circular lunar orbit (Fig, 13) ami!the corresponding points 
in.: the 'path of the moon, probe indicate the time in hours which, has 
passed since the start of the flight* 

■This worked out example is particularly important as it 
represents the most important practical cases the other side of 
the moon, is more or less fully iiltuaiaated, while we observe a mew 
moos., .. .... 

Ehricke lias also worked out other examples and made an. invest- 
igation of the .question of accuracy, which we can do no more then 
refer to here /T5X171  Z32J7'• 

fc 1 ! 
— — ~* — försi&i^rswhahrt 

350 0® 3S1000 378 000 »3 « fan 

Fig* 14; Part of the flight path shown in Fig« 15 lying: 
in the insmedliate vicinity of the moon. 
( _,«.,»„. three-body problem\ ~~~-~  four-body prob- 
lem; Mondbahn =■- lunar orbit), 

b) The in.vestigat.toas of M»¥. Hunter, W.B. Klemperer, R.J. Gunkel 
and others» 

I The investigations of M,W, Hunter, W.B. Klemperer and K.J. Gvmkel 
-Hhave quite a different aim, namely a moon shot that will hit the 

3.7 
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7~moQÄ or e^-en quite definite parts of the «©©a, St&rtisig frois tk« "~| 
f&ct that a flight path to the moon is partieelarly ss&©itiv® t® 
an error in direction at burn-out, a first - as'far as the anther 
knows - attempt is Kta&e to introduce fecti^e flight paths into the 
problem» flies® are flight paths which can be modified by means of 
an additions! brief impulse during flight« 

Aß «e know, in the two-body problem the moos is reached it*  - 
about 5«5 days with an elliptical initial velocity 1 $ lee® thaa 
the escape Telocity« The full ©scape velocity in a parabolic path 
requires' only two days and if the- escape» -velocity is exceeded by 
only ,5 #f the duration of the flight along a hyperbolic path is 
already reduced to-one day. 

Is. order to get more precise data, flight path calculations 
heve been, carried out toy numerical integration again with as. IBM 
70k t  initially for an Idealised two-dimensional earth-moo» model 
and a. trara»<mt at 542 km  above the surface of the earth, J>®tailed 
results- are contained in papers toy both II«A, Lie-ske £. 3At7 and 

■ß,C. Qoldbawm and R.J. Gunk el ZT35J7* 

It appears, first of all» that for a phase angle of 112.,5a 

at the moment  of starting, corresponding to a lunar position 22* 
below the ©astern horiaoxs at the iaitochirg site, there is a 
raiaimum-energy elliptical flight path (burn-out velocity = 
10,6070 km/see), which will hit the aeon. Ihe permissible error is 
the Bsagcitüde of the velocity is then only + 1.5#f a/e©ct however. 
Nevertheless* if the initial velocity i© just slightly increased 
to 10.6680 km/sec, the permissible error becomes tea times greater, 
i.e. ±5«Zk mfsmc.    Relationships are most favorable, if the flight 
path is begun at e. hyperbolic initial velocity of 10.7^-2 km/sec 
(i.e. less"thaa % % over  the escape telocity}| the Maximum possible 
permissible error 1B. the initial velocity is then. + 61 m/sac. If 
w@ add the'angalar errors, which are permissible if the soon is 
still to be Mt, we get the follovi.»g tablej 

Permissible Errors 
Initial velocx-y     ±&  Telocity   ,in launching angle 

10.6070 km/am ± 1*52^ «/sec       + 1»7* 

10.6680 fcm/aec     + 15.24 m/ses       + 1?.?.' 

1G»7'V*2 km/sec    + 60.96 us/see       ;f 10.3* 

L 
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s'J*:—b Mond bei 
ft      \ HiKJärwg Bonn ! 

«Mond bw> 
■ [ Sfoe?     . 

Fig» 15: Two activ« lunar shot flight paths, 
(According to M.W.Hunter, W.B.Klemperer,     _ 
S.J.GuBkelJ Impulsive mid-course eorr» 

'  .  -  ectioB. of a lunar shot. Douglas Aircraft^ 
Company, Inc., Eagrg. Paper No. S?k,  195&) 
Mondbaha = lunar orbit; Mond bei Änderung 
Balm 1,2 = saoon at correction of flight 
path 1,2; Mond beim Start « isooa at launch- 

. ing; Bahn 1,2 = flight path 1,2; Erde » earth. 

At first this result appears surprising, la order to be more 
certain of-hittisg the lunar target, therefore, the authors propose 
to correct the flight path in aiid-cours» fay means of an additional 
impulse. To make this possible« they put forward a number of tech- . 
nical suggestions. Where tb.e additional impulse is triggered, these 
active flight paths have a sudden kick, as the two examples shown 
iß Fig. 1.5 illustrate. IK the light of actual relationships a three- 

• diffisrtsional analysis was also carried out. This ixusludeä the follow- 
ing factors, neglected'in ths two-dimensional calculations: 

a) the inolinatioa and eccentricity of the lunar  orbit, 
fa) the geographical latitude and hour angle (longitude) of the 
launching site, 
c) the gravitational fields of the sun and other planets. 

Full details are given ia the report by J.C. Walker f_5&J<> 
In the three-dimensional problem it is worth noting that the 
angle betwe®» the plans of the mooa rocket flight path and the 
plane of 'the lunar orbit has a considerable effect OH the results. 

" Ik   ' 
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I e) The  first German calculations. ' 

Hie first German flight path calculations, roade by B, Thuring /3?J7» 
have also just been Ea.de available» They ver-s carried oat uslag the 
large Univac-Faetrcmie computer installation' in. Frankfurt SMI  Main» 

B. Tmtring  calculated two special flight paths including the 
^ moon is. th© space around earth and. Esooa and showed how the third   ^~ 

(aassless) body,- i.e» the spacecraft, -can, at a very  low velocity, 
pass the "bottleneck's forused by the Hill boundary curve close to 
the libration point Ln (or L,)« This iau-estigatioB is an important 

supplement to t'km  work of Yegorov; however, it would seeai desirable 
to take into aocotrnt disturbances due to the sun. 

In connection with a. mmm  launching two further practical 
points deserve attention. If it is desired to shorten the flight 
path and the duration of tie flight» than the moment-' of l&tt&ahing 
would be most favorably tiaed. if it were a. few days before the lunar 
perigee, which occurs OB.CS a month» as the soon is then some 21,000 
km nearer than when at its mean distance from the earth. Oxi the other 
head,3 if it is desired to observe the other side of the moon., which 
is permanently turned away fross us, then, the lunar rocket Bust reach 
the vicinity of the isoon, wh.es the other side is well illuminated. 
This is the ease at new moon»' 

Of course, the complex «aotioa of the moon means that these 
two conditions are not fulfilled simultaneously each month» A period 
does occur, however, at iatenrals of aboirb 1314 monthss when both 
perigee and new mooa approximately coincide each »nth* This was so, 
for example» in the months from August to .December 1958» For this 
reason the first four American mocm lauBChings were planned for this 
period.« 

Details are given, in the following brief reviews 

Lau&ching  Nase Latmcking Mew Moon   Perigee     Eesu.it 
date 

1 ~    1? Aug.  1.5 Aug.    1? Aug.  exploded ■ after ?? s 
2 Pioneer I  11 Oct.  12 Oct.    13 Oct. about 1.15,000 ka alt. 
3 Pioneer II  8 Nov.  11 Nov.    10 Nov. 3rd stage failed to 

15 Aug. 
12 Oct. 
11 Kov« 

10 Dec* 

15 

ignite, 1,600 km afti» 
Pioneer III 6 Dec.  10 Dec,     9 Dee. about 10?,.500 kaTalt«, 
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T""  Pioneers 1 aad. Ill both, covered about one third of the distance I 
to the fflooR and then returned» This was due only .to failure to 
achieve the required burn-out velocitye For Pioneer III, for  example, 
a tnim-ont  velocity of 10*729 fas/sac i'A&  k^cn complied! how«re.r, 
only 10.^85 km/ace  was achieved $ i.e» just 250 si/Vsec too little. 
This confirms the abov© theoretical reasoning in connection with 
the msxLraa«. ßistaace achieved and its ©OKsitivity to a modification 
is. the burs-out velocity. Piosesr I, jaoreover» deviated from its   I 

"** course by approximately ha  ,.  Fig'Üi l6 gives a rough, picture of the 
flight path 'of Pioaeer III» projected OH a rotating meridian plaas. 

f.nte 

\r 
i  v 

v- 
\, v 
\ 

"*■*!«, 

\, x. 

Fig» 16: The flight path of Pioneer III» projected OH 
a rotating meridian plaas* {According to 
J&nses A» van Allan, Lc A. Frank. Nature, 

Ho« ^659, Feb. 1959, P* ^32)« Erd® = earth? 
Aq-uator * equator; Bab», von Pioaisr III * 
flight path of Pioneer III« 

Tis.e-.ir uafortuuat« practical experiences with a launching velocity 
is the Tic.iH.ity of the escape Telocity a.ad just slightly lees than 
that required have prompted tli© Assericss?.® to adept is. their mere 
recent experiment«! a biirs-eut velocity sligfeilj hyperbolic with 
respect to tiis earth* Ttms, ©V«SK witk a small error it could be 
coD.fide.ntiy anticipated that the moon  would be reached, insofar as 
the velocity did not fail below the critical, limit of the escape 
velocity as a resttlt of unavoidable inaccuracy. 

Thus both the Russia» moon-launching of 2 January 1959 
(Metsob.ia) and the American shot of 3 Marsh 1959 (Pioneer IV) vsre 
successful ia;;reacbd,ng lunar distances. Both probes tb.es went into 
lot-bits arousd'.:the sun, which are not dissimilar. If the orbital 

16 
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"["inclination is disregarded, the Russian artificial planet ®v©a     ' 
reached the vicinity of the orbit of Mara (cf. Rig* 1). 

Both artificial piaaets are very sfisa.ll and «their orbits are 
not knows, precisely enough» It is scarcely to be expected that 
we shall ever be successful in observing thera again. Their orbital 
periods are khj,  days (Ketschta) and 403 days (Pioneer IV). If is 
their orbit they return to the starting point» the earth» of      Z 

"*" course» vail be in another position. 

The consequences derived from the eelesti&i mechanics of the 
three— s»d. four-body problems have been"confirmed» liter« is only 
one'way of calculating the flight path of-a space rocket: nuaerlcal 
integration with an electronic computer. Flight path calculations 
made'so far have permitted very interesting'conclusions. However, 
we are still far from havirsg discovered and mastered every possible 
path«,. It would'be desirable to satandardize the flight paths, i.e. 
always to depart from a fixed initial altitude. Investigations of 
the errors involved must also be takes further. It would also be 
rewarding to study the Kill boundary curves for the gives mass 
relationships. The author is also of the opinion that there must 
also be periodic solutions for the stsn-eartfe-mopn-rocket four-body 
problem, Finding them -  perhaps in the game way as E. Stromgre» 
found 'his periodic solutions for the limited three-body problem - 
would, be ail acceptable and. important task: for the future. 

Summary 

In. Part II the author reports on completed orbital calcul- 
ations and shows, with, reference to th® most recent material» how 
detailed has been the work of the Soviet astronomer, V.Ä. Yegorov, 
who has calculated about one thousand different orbits» Tue American., 
Krafft Ehricke, has explained the importance of allowing for the 
disturbing effect of the sun. All the calculations indicate how 
heavily the flight paths depend on starting, conditions, an accuracy 
of l?""being required« The German-American Prof» Kleroperer has shown 
that errors "cats, be compensated by influencing the flight path 
actively with control rockets. The  latest German werk teas been dons 
by Prof", 'firariag, who has determined two »arrow path curves leading 
to the moon based on the points of libratioa near  th© »son«. The 
soundness of Prof. Klemperer's proposals has meantime been proved 
by the Soviet 's hitting of the moon on 13 September 1959. 
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