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Keplerovy zakony
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Keplerovy zakony

1. Planety se pohybuji okolo Slunce po elipsach, v jejichz jednom ohnisku je Slunce

2. Plochy opsané priivodi¢em planety (spojnici planety a Slunce) za stejny ¢as jsou stejné

3. Pomér druhych mocnin obéznych dob je roven poméru tretich mocnin hlavni poloosy
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Elipsa

rovnice elipsy:

kartézské souiadnice:

X =acos wt

y =Dbsin ot
2 2

X + Y =1




Elipsa

velka poloosa: a

mala poloosa: b

excentricita: e2 = a2 — b?

numericka excentricita; € = e/a

afélium: r afélium:r_, =a+e=a(ltg

perinélium:r,,=a-e=a(l-¢)
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2. Keplertiv zakon
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3. Keppleruv zakon
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3. Keppleruv zakon
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Keplerova tloha

Mz=1.0
trajektorie Zemé Ms=333166.0
G=1.18e-4
: T=1.0
jednotky: v6=6.1662
hmotnost: M, =5.97 x 102 kg at=1/10008
cas: 1 rok =3.1536 x 1075 x[0]1=1.0167
vzdalenost: 1 AU = 149.6 x 10° km y[0]=0.0

rl@]=np.sqrt(x[0]**2+y[0]**2)
o _ 4N LAl B b2 VX[O]=-G*Ms/r[0]**3*x[0]*dt/2
gravitacni konstanta G = 1.18 x 10 M, tAU" rok vy[0]=v0-G*Ms/r[0]**3*y [0]*dt/2
v[@]=np.sqrt(vx[O]**2+vy[O]**2)
hmotnost Slunce: Mg = 1.99 x 10%° kg = 3.33 x 10° M, vpI0]1=0.5*r[68]*v[0]

rmin=x[0]
rmax=>0

pohybove rovnice: pocate¢ni podminky:

Mg
.3

for 1 in range(np.size(t)-1):
®¥[i+1]=x[i]+vx[i]*dt

0) =0 y[i+1]=y[i]+vy[i]*dt

SE‘ f“|::i.+]_:|=l'|[:|.Sl::”“t|{)',:|::i__|_1]:+c:+:2_|_:t'l,[i_'_]_]:4.:51.:2:I

£

ar = —G

vX[i+1]=vx[i]-G*Ms/r[i+1]**3*x[i+1]*dt

0) = 6.1662 AU/rok  wlitll=wiil-GeHs/riis1]**3y[i+1] dt

vii+1l]=np.sgrt(vx[i+1]**2+vy[i+1]**2)
vp[i+1]=0.5*(v[i]+v[i+1])/2*r[i+1]

U (

) e (O)
ay = —G Ms Y x(0) = 1.0167 AU (afélium) ** risli<min:

y(0

Uy

3 rmin=r[i+1]
T if rli+1]=rmax:
) rmax=r[i+1]

u:

Keplerova-uloha.py



Keplerova tloha

trajektorie Zemé
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Keplerova tloha
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Keplerova tloha

r (AU)
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Keplerova tloha

kdybychom umistili Zemi do dvojnasobné vzdalenosti
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Keplerova tloha

kdybychom zvysili rychlost Zemé o 50%: v,(0) 6.166 AU/rok — 9.249 AU/rok

trajektorie velikost rychlosti
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Keplerova tloha

kdybychom zvysili rychlost Zemé o 50%: v,(0) 6.166 AU/rok — 9.249 AU/rok

trajektorie
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Keplerova tloha

Oumuamua - simulace trajektorie




Keplerova tloha

kdybychom sniZili rychlost Zemée o 50%: v,(0) 6.166 AU/rok — 3.083 AU/rok

trajektorie rychlost
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3. Kepleruv zakon
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Planeta ve vzduchu

F=Fy+F,
- M M
gravitacni sila F,=-G Z : s
”
= L o ot
odporovasilavzduchu F, = —56; 0S1
Mz Mg 1
F,=—-G Z, b;r.——C'oSaaI
3 2
Uz Uc; L,
r =12+ 9> 11:\/1)3+a§
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pohybové rovnice

M 1 _
r=—G ?"f €T — 51, C'oSvx
Mg 1

= -GSy — —CoSu,

pocatecni podminky

0 (0) =0

v, (0) = 6.1662 AU /rok
x(0) =1.0167

y(0) =



Planeta ve vzduchu

hustota vzduchu p=5.6 x 108 M, AU

prufez Zemé S = 5.7 x 10° AU?
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Planeta ve vzduchu

10-krét niZsi hustota vzduchu: p=5.6 x 10" M, AU3  odporovy koeficient C =0.5 (koule)

prufez Zemé S = 5.7 x 10° AU?
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Co ukazuje vaha?

a=(0.ay)

—

by = (U-pr)
T‘pr =m(g — ﬂ.)‘

F, = —mg

—

Fp: (Oprj

‘pr =m(g+ f‘f.)‘

Ay = a > 0

FQ: ((}ng)
ngy —

= —Mnyg



Co ukazuje vaha?

F,, =m(g+ay) vytah jedouci nahoru

ma ~ 50N
f a~0.6ms? = 0.06¢g
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Stav beztize

Fp, =m(g —g)
» parabolicky let

PARABOLIC FLIGHT

Height (feet) " . Height (metres)
28,210 8,500 Fy,=—mg
26,250 45% angle ) \ 45 angle ) 8,000
24,610 Mose hly : : Qﬂse lever / 7,500
22 960 - ; 7,000
21,320 E E 6,500
19.680 ' 8 ' - ! 6,000
E =g E ro-g E 1.8g
0 20 40

Duration (Seconds) SOURCE: ESA
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