alko z Newkona doskal’ K@.pt@.ra



Newton a

' Newtonov napad: nie je obichanie
satelitu okolo Zeme to isté, ako
Stk (resp. vodorownyg) vrh ?

 Cralileo: gravi;&aém& sila nezavisla
real o e R 7 .
od vysiky F=—-—k.M.m : (Foz.m

minul F?rec&mﬁgkm)

 dostaneme z te] si;i.tj ten obrazok?
skeisime ko ziskil! nasSou wmetodou
krok za krokom (pri¢om budeme
Fv;eds&ier&&’ ) fe spraviy tav%&aémg
zdkon nepozname, ale objavime)




o Polomer Zewme R, =6 371 000 m

@ SLéin kM F=KkMm
a=F/m=kM

a zarover vieme, e a = g = 9.81 m/s® (prerimev\@&i.mv falet)
Cize KM=g

e r
r

L i



3 Po«’éia&aémé padm&emwvz
XO =0 YO —3 B | RZ

vXg = 5000 vyg =0

o Foé‘f&ami@.

rn = sqrt ( xn2 + yn2 )

aXp = = g Xa f Th
ayn=-9Yn/ 1y

Xn+l = Xp + VXp * dt

Yn+l = Yn + VYp * dt

VXni1 = VXp + GX, * dt

VWn+l = VY0 + QYp * dt

from pylab import

dt=1
N=1000

g=9.81
Rz=6371000.

x=empty(N+1)
y=empty(N+1)
vx=empty(N+1)
vy=empty(N+1)
r=empty(N+1)
ax=empty(N+1)
ay=empty(N+1)

x[0]=0.
y[0]=1.1x%Rz
vx[0] = 5000.
vy[0] = 0.

for n in range(@,N):
rin]l=sqrt(x[n]l*x[n] + y[nlxy[n])
ax[n]=-gxx[n]/r[n]
ay[n]l=-gxy[n]l/r[n]

X[n+1]=x[n]+vx[n]*xdt
y [n+1l]=y[n]+vy[n]*dt
vx[n+l]l=vx[n]+ax[n]xdt
vy[n+l]=vy[n]+ay[n]*xdt

plot(x,y)



vﬁslecllé‘v

vO = 5000 m/s vO = 7000 m/s

T =459 s T'=724 5

h

vO = 6000 m/s vO = 8000 m/s

T = 5385 T = 5232 s




Gbhrazok 0K, ale nfi;{, WA e

o Veci sa totiZ znaéne pokazia,
alk vezmeme do Gvahy aj €as
(EiZe ak si vEimame nielen |
tra jektoriu, ale t‘etfj Fohjb) | g

o Film v 17 storoél nemali, ale
mali asktronomické tabuliey,
kborée hovorili, kde sa k’@.c%j
nachadzali planéty, Viedajst || N
blockbuster: @udcaz fnske 1 S
Eabu,i.wj , ktoré na zaklade
presigch merani Tycha Brahe | W,
zostavil Iohannes Kepi.en ‘ |

B

R
RO ERES

St 4
R
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"e
e
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Johannes Kepler (1871-1630)
bol c&s&rswjm natemakileom
na dvore Rudolfa 11, v Prahe.
Jdeho Majvbl&?m objavam boli
lkevankivativine d@.&&i;tv &5mj Qce
S0 Fohvbu F*Lahé&, zhame ako
tri Keplerove z&kmmj‘. Prave
na zaklade %ﬁ&k&m zakonov
obj&vit Newkboin v§e0be€:h§
zakow qravitacie.

sucasniie
Gralileo Graliletl




ASTRONOMIA NOVA
AITIOAOTCHTOS,

SEV
PHYSICA COELESTIS,
tradita commentariis

DE MQTIBVS STELLZE

NI A G e

Ex obfervationibus G. V.
TTCHONIS BRAHE:

Juflu & fumptibus

RV-DOLPEI I

ROMANORYVM

IMPERATORIS &e:

Plurium annorum pertinaci ftudio
claborata P rage ,

ed S Ce. CHCre St Mathematico

JOANNE KEPLERKO,

(iemejusdem C. N5 privilegio [pecials

Axno zrz Dionyfianz clo Ioc rx.

Nova askro

b ol (e T 131

Tam poft 1‘”‘[ o 2 | o o >
Jam poftquam femel hujusrei periculum fecimus,audacia fubveéti
porro liberiore in hoc campo incipicmus. Nam conquiram triavel
quotcunque locavifa Mart1s,Planeta femper codem eccentrici loco
verfante: & ex s | ge m.m:_:uluxuznzn.}lm.umt:-zniunpum:m'unwpr
cycli vel orbis annuidiftantias 4 puncto zqualitatis motus. Ac cum ey

tribus punétis circulus defcribatur, ex 1itur hujusmodi obl

, quod prius ex }H'.L‘IU"‘I\U:;[U u-

| :qualitans inquiram. Quod
1 “«lll.lll‘.l()[&lc atio accedet » ca erit loc 'r[-l‘wi)

tionibus ficumcirculi >cjusque aug

l lurpaveram, & eccentricitatem a pun

PrimyMm tempus ello anno M
M. x coquod tunc & latitudine pen
(mnuu[)_hujm implicationemin percij
tur. Refpondentme hac, quibus
tiredic: A.mpxcrr D.
HviM x1t: A.mp
@Martis’primo temporecx
Hon1s refticutione,
fyr. 4.38. 502 fequentibus
iitemporib. toties per 1. 36
muctior. Hicenim eft mo-
wus praceflionis congru

Lgeens cemport yeriodico u-
I

isrelbicutionisMAr 18

mCumq; Tycuo apoga-

apum [NJI].I[’IH‘_ K.'\]ll.l—

- ‘.\ J ;,v
tio cjuscrit 11 14.55 : pro- \»‘_’_’_/ =
prerea ff";;unhr coxqua- : //PT
TAANNO M DXC 1.15.§3. 4§ . g
Eodem vero tempore i
& commutatio feu diffe-
renttamediumotus So Lis
a medio Martis colligitui
o 5. 18.19.56 :uagq\l.\t.l('\;ll
differentia inter medium
Soris & MarTis coxqua-
tum eccentricum10.7.5 1.

Primvy hacin forima

3C NicaNautfimpli-

ciori ad fenfum propone-
mus .
Sit o punctunm

litatis circrutus te

nomia, 1609

190 DEMoOTIBUS PLANETARUM

% : - pl ARG
B ,Aémov‘@c s & wn wenemac oo 0w, oty un Seser
5 3] . & TR 3 4
x Feas JAmonguives Wy moiles » 2ol vouss b
s Sovodvia Ny~ v

RV pALNISEL 5 ETOUEN0S detueamédy. EnimveroSocrates,
clim omnes qui vel minimum Mentishabent, quoties negocium ali-
quodfeu leve feuardaumaggrediuricit, Deum femper invocent : Nos
urique, quibusde Rerumuniverfitate differere animus eft, nif plané
ab omni {ana ratione aberramus, necefle eft, Deos Deasque votis con-
ceptis precariunanimes, uc talia dicamus , que primuim 1pfis maxime,
cum deinde & vobisfincgraca & accepra.

CAPVT L
Dequinque Figuris{olidisre-

gulanbus.

>emandas folidas , diétum eft libro fecundo - de quinque fimi-
Cireuli az-pym {olidis (inter cxreras ) propter planas ibi locuti {umus. Nume-

f"‘.“ ciscl s camen illarum quinarivs ibi demon(tracusfuic ; \ad_dltumque 5 cur
g dan 4 Platonicis denomiriae ; & cul quelibet Elemerico,
;1:::.:: s quiamique ob proprictatem,com
4 5 . .
il piu paratafic. Jamin hujus Lbrive-
‘Lz,' o ftibulo rurfum de his figuris, ob
s carcullsy o 3 )
funsconci feipfas,non ob planas, agendum
e erit 5 quantum quidem fofticie
;:“ﬁ‘:f’ci- 7 ad Harmoniam Ceelorum * c&-

licet verk 7 tera reperietletor in Epicomes

paines g6 Aftronomig parce alterd, libro
¢z angulos 7 : o
ftringant. Z ¢ yarto, P -
Magpitu- 1 Tgicur ex Myfterio Cofnllo
. e graphico hic brevicer mc:; c:‘
mate hzc g Ordinem quinque hgur?;:;riz
i 2
ot » Mundo, quarum gﬁi E; s
fpharicum 2 duz fecundariz. LU e
iptus 5.pos : excimus & amphffimus,Qiap
tinferibi g,mus &m'\onemhabens [
ins.hojusic Y Al 12
zerd Spha- \ / psh generacions fuz fo:}r} :1
: fi- ' & lron 2.ta0
;’:‘“": e Seq:umrfem c.,\r_on_?t itrur;] 1
usinz. & [ i Fars feftione C‘{blfcoan u[oJfO b
i { Wi ‘
b\ /e muiasamen & POIE p,
15 Fubum \ dotrilineariut d‘l ‘fé’d ronz V-
v 7 5 eca
:ng::s“: ¢ tracdrOl"l eft .Do (imlis fli=
s 2 tima primariarum,

; 3 Jerra-
in centrd b sdri fumilions, idelb 22 ¢
Tue " cer Compofite ex Cubi pambus,Tctraednﬁm ) édris

QfVomodo ﬂgurz planx rcgufarcs congruerent ad

L T T C 17 ' 4 | In priori fi-
Harmonicis Li. Vo 1Brepes
o " S rec Tc(raDGE
#dris irregularibus, quibus tegicur Cubusintus. HuicfucceditIcofaé l#:::? P
s SRR Cubo) fic
2 wrquodli- +
bet Tetrac-
dri planum
wtACD; te-
gatur 2b u-
no cubiatie
uloACDB
ﬁln fecunda
guka appa
: g g i rer Cubus
dron 4.0b ﬁmilitudinem,plgima ‘fecundg-. o= ﬁ%ﬂ,‘,‘}i‘:
riarum, angulo folido pldrilineari ucenti= 1\ ///////f// il SR
um. Incimum eft Octoédron 5. Cubi .ﬁ,'é“? 4’/////////;////// ﬁi::! cq\:;,d
i larum; ) - :
le, & prima figura fecunddriarum; cutideo o g B
RS . cum- :
primus logus iriteriorum debecur, quippe infcripeili; uti cubo cir D e
imu i tur
feriptili primus exceriorum. > s = e e s
Suntauemi riceabilia dud veluci conjugid harumi figurarum , ex el
= feubéracdro
’ = iABCDE
quod eft fes
étileln tria
Tetraedra
diffimilid
perdiio pla
na,DC 4
&ABD.
_Hic vides
O&acdron
inferiptum
Cubo; Ico-
fiedronDo-
decaedro;
}'céme-

2 ;o .o .. dronTes
diverfis combinata claffibus: Ma* tracdre.
tes,; Cubus & Dodecaédron_ ex
primarijs; foernine, Oftoédron

; ~ &lcofiedronex fccuﬂdarus;qg.;.
busaccedicunia veluti coclebs aué Androgynios, Tetraédron; quia fibi
ipfiinferibicur  utille foemelle maribus infcribuncur & veluri {ubji-
ciungur, & fignd {exus feeminina mafculinis oppofitahabent, angulos
fcilicee planiciebus, =S5 S .

Pratered ut Tetraédron eftelemencuri, vifcera & veluti c_g)f’c; Cus
bi Maris; fic O&aédron foemina, eft elementum & pars Tecraédri ; as
li4 ratione : ira mediac Tecraédron irihoc conjugic: . b
Pracipua connubiorum{eu familiarum differentia 1t}.hoc ccmﬁfh.t;
quéd Cubicz quidem Effabilis eft proportio; nam Tetraédron eﬁ:l'rx-
ensde corpore Cubico, Octaédron femiffis de Tecraédrico, fexca'pars
Cubi : Dodecaédrici verd conjugij proportio eft Ineffabilis quidem »
{ed Divinao. % s sy
Harum duarum vocum copulatio jubet cavere Lectori, de earum
fignificatu.  Vox enim Ineffabili hic non denotac per fe nobilitacem
aliquam, ucalids in Theologia & rebus divinis ; fed denotar cor d.tio-
3 fiem

3

s X

Harmonia sveba, 1619



Kepls

A

o Kaida Ptaméﬁa obicha okolo Sliniea po et&pse (bﬁzl&.j
kruZnicl). Slhko sa nachadza v Jednom z chinisk @.LEFSj.

3 Spq}v\wa Piav\é&j so Slnikom “vvm&&e” za rovialkeé Easv
roviialkeé plochy,

o Power d.rukgr:k mociniin Qbe.‘imjﬁk d8b dvoch Feiaméﬁ Je
rovmg pomeru trebich wocnin tch vzdialenost! od Slnika.



vﬁsi@.dl&’v

yO = 1.1 Rz yO = 10 Rz
vO = 8000 m/s vO = 25000 m/s
T = 5232 s T=16018 s

¥

-10 -05 0.0 05 10
le7

( 10 )3 # 16018 \ 2

— o~ MO0 10 =~

1.1 5232

Nosa sila vobee nedava krelt Keptercw zakomn.

Takto zjednotenie Poz@;msw‘@.\j a v\@.b@.slé‘ej mefskav\mv
v hasom sveke ij&raﬁ’ nemoe.,




\j com FT’(‘J b Le

\i.z.dmtmejém Ftav\ééa nam ide F?rﬂ.i;g rﬁ&hwq

> Pokrebowvall bv sme pre nuw desalb’leralt dlhiiw

obeind dobu, &iZe desat’krat mensiu rgchlost’,

w

LenZe pri danom z.r:}’«chi@.m bv bola a mense|
v . v . T v
rjaki.osh draha ovela viac zakrivovana.

Zd4a sa, fe vadi&i@.h@.jgia ytamé&a Paﬁrebuje mensie

v

zfﬁﬂhl@.%i& To zhamena, ze Paﬁrebu\jeme z.rﬁﬁhtam;e :

(a teda silu) klesajace s rasthcou vzdialenost'ou.

(

160000

5232

>2

-1.0 -05 0.0 05 10
1e8




A MQ T‘ﬁ&l« i.(:} ‘{ i, & & 5\ 9 TV, S &LO& ?

ol Ve Vi ; = “ c X
o Ked’ nemame wnié lepsie, vidy sa o Ciselnd hodnotu Moﬁ»\s&o\m&v
da sketsikt! mekdda Pol&us“amjh K dostaneme zo znameho

ey AR gravitaéného zrychlenia na
® Sw‘uso\\mne nejake fednoduché povrcku. Zeme g = KM/R,

klesq jace fnkcie v a poéitajme,

EL nam niektora z nich da kretf o Vidime, Ze nedostaneme K,
v V . 8
Kepi@.rov zakown ale sGéin K.M, éo nam stadf
| S . - | V. % y)
o Asi ha|jednoduchsia moZnost K.M = S«Qz.

Je nepriama Gmera Fr1/r, EiZe

o gl ?

I I



Neod F‘ or Mj e to

o Cralileo Mépaz.arcwai zavislost’ graviﬁaéméka z.r:j’tki.ev\&a
od vj’éwy My teraz predpow*tad&me, Ze sa s v§§m.>u, menl,

*»

Nie je to rozpar?

& Nie \}e‘ Cralileo robil Po%«msv pre vgéwj na uroviii max.
destabole wmebrov. Na balkedch vzdialenoskiach sa nami
eredpawmdav\& zavislost’ z.rj&kiemm od vﬁng Praw&iﬁkg

W

vébec neprejavi (k. j. neprejavi sa meratelngm spésobom



) Poé‘i&&oémé Pac{miemwv:
Xo =0 Yo = 10 R,

VXg = 2500 vyp =0
Foé’v&am&e

rn = sqrt ( xn2 + yn2 )

axn, = - g Rz x, / (rp * rp)
ayn,=-gRz vy, / (r, * rp)

Xn+l = Xp + VXp * dt

Yn+l = Yn + VYp * dt

VXni1 = VXp + GX, * dt

VWn+l = VY0 + QYp * dt

from pylab import

dt=1
N=160000

g=9.81
Rz=6371000.

x=empty (N+1)
y=empty(N+1)
vx=empty(N+1)
vy=empty(N+1)
r=empty(N+1)
ax=empty(N+1)
ay=empty(N+1)

x[0]=0.
y[0]=10. * Rz
vx[0] = 2500.
vy[0] = 0.

for n in range(@,N):
rin]=sqrt(x[n]l*x[n] + y[n]xy[n])
ax[n]=-gxRz * x[n]/(r[n] * r[n])
ay[n]l=-gxRz x y[n]/(r[n] * rin])

X[n+1]=x[n]+vx[n]*xdt
y [n+1]=y[n]+vy [n]*dt
vx[n+l]=vx[n]+ax[n]*dt
vy [n+1l]=vy([n]+ay[n]*dt

plot(x,y)



vﬁsi@.dl&’v

yO = 10 Rz yO = 10 Rz
vO = 2500 m/s vO = 7900 m/s
Nesplfia ani len 1. zakon OK
1. Keplerov zakon T = 50621 s

¥

( 10 )3 # 50621 \

— ) ~ 1000 100 ~

1.1 5232

Crravikadna sila mepriama amerna vzdialenoski

Fie? nedava Erebd Keplerov zakon.
Tento Fwi«ms bol OvaQM«



Alkeo T’ﬁ chlo klesa Qrav. s tla? 11

o Clselni hodnoltu sGéinu x.M

dostaneme opit’ 20 znameho
8 Jednou z cellkom ffﬁf@d&@.%ﬁﬁk STQVE;EQEMékQ &Tﬁﬁhi@%’\ﬁ& O

moZnosti je z.ngié moching 1
v menovateli, cize uvaZoval’

o Je ¢as na dru,kaj Fvowu,s.

povrchu Zeme g = k.M/ R2%

F:Nl/rz ® KM = 9 rzz.z

’
)
({

re r &




from pylab import

@ POE&&&OEM& POC‘&MEQMW?‘I ﬁ:}swoa
Xg =0 Yo = 10 R, g=9.81
Rz=6371000.

vXn = 2500 vyn =0
O 70 x=empty (N+1)
y=empty(N+1)

v 4 . vx=empty(N+1)
3 Fvom%amm ‘ iz 42 i

r=empty(N+1)
I”n = Sql"'|' ( an + Ynz ) ax=empty(N+1)
ay=empty(N+1)
T 2
aXp = - g Rz& X / (rp#rp*ry) x[0]=0.
5 y[0]=10. * Rz
=7 (0] = 2500.
ayp = - g Rz% ¥ / (rparpary) wiel = o.
Xnel = Xp T VX[ * df for n in range(Q,N):
4t r[r[\]qurt(x[n]*x[n][ ; ¥[?]TY[?]% -_
— + V st axinl=-gxRzxRz * x[nl/(rinj*krinj*rin
’n+l1 = ¥n /n ay[n]=-gxRzxRz * y[n]/(r[nl*r[nlxr[n])
Vxn-|-l = VXn + Can * dt X[n+1l]=x[n]+vx[n]*xdt
y [n+1]=y[n]+vy[n]*dt
VYn+l = VYn + QYp * dt vx[n+1]=vx[n]+ax [n]*dt

vy[n+l]l=vy[n]+ay[n]*dt

plot(x,y)



vﬁsi@.dlév

yO = 10 Rz yO = 100 Rz
vO = 2500 m/s vO = 7900 m/s
T =160182 s T = 5254980 s

h

R 2
10 LA 160182
— | ~ 1000 s - 1000 = ( )
1 5232
100\ ° T 5254980 \ >
e i 106 E— 106 7 < )
1.1 5232



A’alsie v:j’sledifv

yO = 10 Rz yO = 10 Rz
vO = 1400 m/s vO = 3000 m/s
elipsa elipsa

h

-1.0 -05 0.0 05 10
1e8

: . Sedi vietko, o vyskiiame.
Lubovolné pgéia&aémé podmieniy ved ha Pakjb,
hf’%orﬁ s!z?i.ﬁa véaﬁl«f’v Eri Kepl&rov& z.&womv‘
(S tgm, Ze elipsy nemusia byt’ vidy blizke kruZniciam
a mozu to mmedj dokownca bjﬁ’ aj e w’uiatosei‘m})



zhriutie

zakon sily a gravitaényg zakon
g —y pe M.m r
I = Mt = e —

1 4 r

naoza Predsﬁavujﬁ z jednotenie
F?Qz@;msif‘ej o Mebésl«f@.j meckamiwv

Vv Mebésw’e\} mechanike e gravitaéna sila dominankna.
V pozemskej mechanilke hroaji viznamni alohu o sily,
kkore s rézinymi Far@.\javmi elektromagnetickych sil,

0 nich bude reé nabudice.



v r
po zinami<a o zaver

@ Zo vzbt'ahu pre dostredivé z.rﬁ@hiemie 0= vz/r

mozeme z 3, Kepi.@.ravko zakona odvodilt’ zavislost’
gravitaéne] sily od r af bez metody “krok za krokom”

@ K@.Pt@.mvv zakon May?geme Falkbo: r3/T2 = comnsk
a uvedomime si, Ze v ~ r/T

° Spolu teda dostavame 1 v& = const  (ina konstanta)
Eie VR = const/r a teda a = v&/r = consb/re



