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OPOZICE, KONJUNKCE, ELONGACE

. Zemeé obiha kolem Slunce v roviné ekliptiky, jez svira s rovinou svétového rovniku uhel € = 23°27°

. pohyb Slunce béhem roku po hvézdné obloze se déje prave po ekliptice,pohyb planet po hvézdné
obloze v prlibéhu roku je mnohem slozitéjsi

. rozliSujeme nékteré vyznacné polohy:

1) konjunkce
2) opozice
3) nejvétsi elongace



OPOZICE, KONJUNKCE, ELONGACE

konjunkee

Konjunkce dvou téles nastava pri shodné rektascenzi dvou dedha
objektl, u tzv. vnitfnich planet (Venuse, Merkur) g
rozliSujeme k. dolni (planeta je mezi Zemi a Sluncem) a planety hotni konjunkce
horni k. v opacném pripadé

Opozice dvou téles nastava v okamziku, kdy se lisi
rektascenze dvou téles o 1809, je to nejpriznivéjsi poloha k
pozorovani; téleso kulminuje o pulnoci, je-li v opozici se
Sluncem, nem{iZe nastat pro vnitfni planety a Slunce

wchodid
elongace

zapadni
elongace

Maximalni elongace je nejvétsi uhlova vzdalenost od
Slunce, které dosahne néktera z vnitrnich planet

dolnd konjunkce

nékdy se lze setkat i s pojmem kvadratura, pro vnéjsi
planetu nastava, je-li jeji elongace 90°

kradratura

radratura

opozice



RETROGRADNI POHYB VNEJSICH PLANET

* Pro pozorovatele na pohybujici se Zemi tvori drahy planet na
hvézdné obloze v pribéhu roku jakési ,, smycky*

* Je to vysledek skladddni pohyb( pozorovatele (Zemé) a planety




POHYB PLANET

sidericka perioda - 1 obéh planety kolem Slunce vzhledem
ke hvézdam

synodicka perioda - Cas mezi dvéma po sobé nasledujicimi
konjunkcemi planety se Slu.ncem. Pro vnitfni planety plati
Tsyn = sid/(1 _ Tsid)' provnejsi T syn — sid/(Tsid <

https://www.youtube.com/watch?v=x09JkDRv6M4 T

Opavsky méstsky model Slunecni soustavy



https://www.youtube.com/watch?v=x09JkDRv6M4

KEPLEROVY ZAKONY POHYBU PLANET

. podkladem pro Keplerovu formulaci tfi zakonU, které popisuji pohyb téles ve slunecni soustave byla
velmi presna vizualni pozorovani, ktera v 16. stoleti uCinil Tycho Brahe

1. Planety se pohybuji po elipsdach od kruhi madlo odlisnych, v jejichZ spolecném ohnisku je Slunce.
2. Plochy opsané priivodicem planety za jednotku ¢asu jsou shodné.

3. Dvojmoci dob obéhi maji se k sobé jako trojmoci velkych poloos.



1. KEPLERUV ZAKON

1. drahami jsou elipsy s malou
excentricitou, e=c/a numericka

excentricita *

F1
prazdné ohmsko shunce -F,

e Zemeé =0,0167
e Merkura =0,206




2. KEPLERUV ZAKON

* spojnice perihelu a afelu - tzv. primka apsid

* Plocha S1 = plocha S2 za shodny casovy interval




3. KEPLERUV ZAKON
* plati T,2/T,2=a;3/a,3

e presné znéeni formuloval az Newton, ktery empirické zakony Keplera
zdUvodnil fyzikalné:

« T,2/T,2=(a;3/a,}). (M +m,)/(M+m,)
* kde M je hmotnost Slunce, m; a m, jsou hmotnost planet

* Pro m;, << M je mozno druhy clen na pravé strane rovnice
zanedbat.

« ‘https://www.youtube.com/watch?v=0E5sUAdxIxM



https://www.youtube.com/watch?v=oE5sUAdxlxM

DRAHOVE ELEMENTY

-

o an - I ———— —

a ... velka poloosa £
e ... excentricita
velikost a tvar drahy

i ... sklon drahy
Q ... délka vystupného uzlu
orientace roviny drahy v prostoru

w ... argument perihelu
(délka perihelu: w'=Q+ w)
orientace drahy v jeji roviné

T ... okamzik prichodu perihéliem
poloha télesa na draze

uzlova primka: spojnice vystupného a sestupného uzlu i
pfimka apsid: spojnice perihélia a afélia rovina drahy planety »




6.8 Position in the Orbit
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6. Celestial Mechanics

KEPLEROVA ROVNICE
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Examples 6.5-6.7.




6.9 Escape Velocity

UNIKOVA RYCHLOST R

nfinite. At infinite
i al b a

ial Mecha

Substitution into Kepler's third law yie

472 R
vl
From this we can s ] in a circular orbit
of radius R:

(6.42)

Comparing this with the expression (6.41) of the escape
velocity, we see that

(6.43)




VIRIALOVY TEOREM

6.10 Virial Theorem

If a system consists of more than two objects, the equa-
tions of motion cannot in general be solved analytically
(Fig.6.12). Given some initial values, the orbits can, of
course, be found by numerical integration, but this does
not tell us anything about the general properties of all
possible orbits. The only integration constants available
for an arbitrary system are the total momentum, angular
momentum and energy. In addition to these, it is pos-
sible to derive certain statistical results, like the virial
theorem. It concerns time averages only, but does not
say anything about the actual state of the system at some
specified moment.

Suppose we have a system of n point masses m; with
radius vectors r; and velocities f;. We define aquantity A
(the “virial” of the system) as follows:

The time derivative of this is
L
A= Z[um"g A mE ) (6.45)
=

The first term equals twice the kinetic energy of the
ith particle, and the second term contains a factor m;r;
which, according to Newton's laws, equals the force
applied to the ith particle. Thus we have

A:TT-I-iE-E.
b

Fig. 6.12. When a system consists of more than two bodies, the
equations of motion cannot be solved analytically. In the solar
system the mutual disturbances of the planets are usually small
and can be taken into account as small perturbations in the or-
bital elements. K.F. Sundman designed a machine to carry out
the tedicus integration of the perturbation equations. This ma-
chine, called the perturbograph, is one of the earliest analogue
computers; unfortunately it was never built. Shown is a design
for one component that evaluates a certain integral occurring in
the equations. {The picture appeared in K.F. Sundman’s paper
in Festskrift tillegnad Anders Donner in 1915.)

where T is the total kinetic energy of the system. If {x}
denotes the time average of x in the time interval [0, ],
we have

. |_ T . . a
{ ;.=?fﬁtdr={2?'j+ ZF.—-r.— . (6.47)
0 =

If the system remains bounded, i. e. none of the particles
escapes, all r;’s as well as all velocities will remain
bounded. In such a case, A does not grow without limit,
and the integral of the previous equation remains finite.
When the time interval becomes longer (t — 00), (A)
approaches zero, and we get

fl
{ET}+<ZF.=-r.=>={}. (6.48)

This is the general form of the virial theorem. If the
forces are due to mutual gravitation only, they have the
expressions

n

F, = —-Gm; Z mjr;;_r’.-. 6.49)

e T
J=Lj#i i
where r; = |r; — r;|. The latter term in the virial theorem
15 now

iﬁ"ﬂ =G i i mmm =
i=1 i#i

i=1 j=1
a R .
= —CZ Z M ;
i=1 j=i+1 f
where the latter form is obtained by rearranging the
double sum, combining the terms

ri—rj

i

i o

and

g

Since (r; —r;) - (r; —rj) = r7 the sum reduces to
Lo mim;
(] J
-Gy Y L=U,
—_— = U
i=1 j=i+l o

where U is the potential energy of the system. Thus, the
virial theorem becomes simply

(6.50)
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