Determination of the velocity of a celestial body in the space
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F isthe force on the body and G the gravitational constant
r=r,—r,

after substraction of ¥ andr,, obtained from 1a) and 1b)

F= 4 M, -r, )+ S mir, -r,)= -G M +m)-5
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if wemultiply vectoria with r it succeeds:

rxi=-GOM+m)d L =0

r.3

on theother handitisvalid:

%(rxr"):rXi‘H'Xi':O

I ntegration provides:
rxr=C

C isthevector for theimpulsof rotation
after vectorial multiplicaion withwith r

Cxi=-CM M e, ) CTM=m) ), )

= - CIM2)  fe 3)-r e

Becauseof :
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Withititisvalid:

Cxi¥ =-G(M +m)E]d—(£)
dtir

Integration with (-A) asintegration constant provides
erz—GEQM+m)dri—A 2)

Becauseof
C{Cxr)=rfCxC)=0=

=-GOM +m)%EQCDT)—(CD-\)=
=—-(cmA) C perpendicuar to A

If wemultiply 2) withr than weobtain:
(ex¢)¥)=((Fxr)€)=-C € =-C?

= -G [{m +m)%(rﬁ')—Aﬁ'

or withv astheanglebetween A andr :

C? =-G[{M +m)[t + A [i [Eosv

Do wedefinethe magnitudesp (orbit parameter) and e (excentridty) as
C? A
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thenitisvalid:
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Do wechoosethe motionin theplaneweobtain :

C=xly-ylX 3)
X =r [eosV X =-r$iny W+ [cosv
y=ri&inv y =+r[eosyv W+ &Ny
C=r% weobtain after inserting 3)
C=yGUM+m)Lp
V:\/%:m) [{1- elEosv)?
P
=P Zﬁﬁinvmz\/wﬂelﬁnv
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y = +\/w [{e+ cosv)
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now wetransformthe planepositioninto the space:
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Q=7,X, [z, P

v=7 X [Z,
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Vv, —-sinv
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cosl] -sin] O
Z,=|sin0 costd O Matrix of turningaroundthez - axis
0 0 1
1 0 0
X, =] 0 cosi -sgini Matrix of turningaroundthex - axis

0 sini cosi

v isnow thevector of velocityin space
now weonly need thecal culation of thetrueanomalyv :

in caseof an ellipticorbit :

vV l+e E
tg — |=.,—— g — vV =trueanomal
{5)= e (3) /
E=M+el$snE E = excentricanomaly
M :Z%T[ﬂt—to) M = mediumanomaly

t, = timeof perihelionpassagewheny =0

3
T=2m 2 T =encirclingtime
G EQM +m)

a=maor semiaxis
b = minor semiaxis

auxiliary circle_

planet or celestial body

perihelion

a B8 —1 “cun or central planet



