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vesḿıru

Rikard von Unge
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Vzńık a vývoj
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Vzńık a vývoj
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Zrychleńı je to, co mě̌ŕıme svými smartfony!
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pomůcky

Gravitace

Kosmologie

Modely

Fyzika
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Ingredience
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Ze Země na Měśıc, Jules Verne, (1870)

Od toho okamžeńı, kdy zem opustili, zmenšovala se jejich vlastńı váha, jakož i váha koule a všech
p̌redmět̊u v ńı uzav̌rených postupem neustálým. Ačkoliv nebyli s to, ustanoviti tento zponenáhlý byt
váhy na p̌redmětech v kouli obsažených, musil p̌rece nastati okamžik kde jim, na nich samých a na
věcech, jichž do rukou brali, nedostatek váhy musil se státi znatným.
....
Posud nebyli ćıtili plný nedostatek t́ıže, ač jim umenšeńı jej́ı bylo patrné, však tohoto dne, okolo jedenácté
hodiny dopoledne, vyšinula se sklenice Nikolovi z ruky a z̊ustala v pověťŕı viseti, jakoby ji neviditelná
ruka udržovala! ? Ah! vyǩrikl Ardan, již ho máme ten bod obojetný, to bude ted’ švanda! A popadnuv
co v rukou měl, nádob́ı, láhve, nástroje položil je do vzduchu a vše z̊ustalo tam vězeti, kam to uḿıstil.
....
–Je-li to možná? je-li to k v́ı̌re podobno? ǩričel Ardan; neńı! a p̌rece jest to pravda! jaký bychom to
mohli býti model pro nanebevzet́ı! – Však ten zázrak nebude dlouho trvat, pravil Barbikan; jestli koule
obojetný bod p̌relet́ı, p̌ritáhne nás měśıc opět k podlaze. – A budeme potom choditi po stropě, doložil
Ardan. – Nikoliv, vysvětloval Barbikan, těžǐstě naš́ı koule nacháźı se pod podlahou a p̌ritažlivost měśıce
je zponenáhla k sobě obrát́ı. – To se nám také všechno nohama vzhůru obrát́ı, ḿınil Ardan. – Toho se
nestrachuj, podotkl Nikol, nic se nep̌revrát́ı, neb p̌rešinut́ı koule stane se velmi pomalu. – Tak jest, dodal
Barbikan, bude to ještě nějaký čas trvati, než se koule zcela p̌revrát́ı, ďŕıve však muśıme minouti
rozdělovaćı čáru zemské a měśıčné t́ıže.
....
Tento výjev zrušené t́ıže trval asi hodinu. Cestovatelé ćıtili, že je nová śıla opět k podlaze p̌ritahuje a
Barbikan pozoroval, jak se strop válcové koule zponenáhla od dráhy uchyluje a těžš́ı spodek jej́ı k měśıci
se bĺıž́ı; p̌ritažlivost měśıce nabývala tedy p̌revahy nad p̌ritažlivost́ı zemskou. Nastalo tedy padáńı koule k
měśıci, posud sice zcela neznatné, neb p̌ri volném pádu neobnášelo by v́ıc než 590 tiśıcin jedné čárky za
sekundu, avšak zponenáhla se stávalo znatněǰśım, vrchol koule obrátil se k zemi a rychlost́ı p̌ribývaj́ıćı
měla již až na měśıc dopadnouti. Nic nep̌rekáželo již št’astnému vykonáńı znamenité pouti a Nikol i
Ardan sd́ıleli tedy plným srdcem radost, kteráž z tvá̌re Barbikana zá̌rila.
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Let rakety

Environmental conditions                     Soyuz CSG User’s Manual  
  Issue 2 

3-2  Arianespace©, March 2012 

3.2. Global mechanical environment 

3.2.1.  Quasi-static accelerations 
 

During ground operations and flight, the spacecraft is subjected to static and dynamic loads. 
Such excitations may be of operational origin (e.g. transportation or mating), aerodynamic 
origin (e.g. wind and gusts or buffeting during transonic phase) or propulsion origin (e.g. 
longitudinal acceleration, thrust buildup or tail-off transients, or structure-propulsion 
coupling, etc.). 

Figure 3.2.1a shows a typical longitudinal static acceleration evolution overtime for the 
launch vehicle during its ascent flight. The highest longitudinal acceleration occurs just 
before the first-stage cutoff and does not exceed 4.3 g. 

The highest lateral static acceleration may be up to 0.4 g at maximum dynamic pressure 
and takes into account the effect of wind and gust encountered in this phase. 

 

Typical Longitudinal static acceleration
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Figure 3.2.1a – Typical Longitudinal Static Acceleration  

 
The associated loads at spacecraft-to-adapter interface are defined by Quasi-Static Loads 
(QSL), that apply at spacecraft centre of gravity and that are the most severe combinations 
of dynamic and static accelerations that can be encountered by the spacecraft at any 
instant of the mission. 
 
For a spacecraft in single launch configuration and complying with the stiffness 
requirements defined in Chapter 4 paragraph 4.2.3.4, the limit levels of Quasi-Static Loads, 
to be taken into account for the design and dimensioning of the spacecraft primary 
structure, are given in Table 3.2.1a and illustrated in Figure 3.2.1a. 
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Mı́cháme a necháme
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The vomit comet


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}
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Mı́cháme a necháme
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Čas
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pomůcky
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Mı́cháme a necháme
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Růzńı pozorovatelé, r̊uzné časy

Tři lidé opust́ı bod A současně a setkaj́ı se potom současně v
bodu B. Cestou mě̌ŕı vzdálenost, kterou ujdou, a dobu, za
kterou vzdálenost uraźı.

Obecně plat́ı, že nejenom jejich vzdálenosti, ale i jejich časy
se budou lǐsit.
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Mı́cháme a necháme
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Důkazy?

Mezinárodńı atomový čas (TAI, temps atomique
international) je soǔradnicový čas definovaný pomoćı
atomových hodin. Údaje z v́ıce než 200 atomových hodin
(EAL, Echelle Atomique Libre) se od roku 1977 relativisticky
(kv̊uli započteńı gravitačńı dilatace času) p̌repoč́ıtávaj́ı z
vlastńıho času hodin na rotuj́ıćı geoid (sťredńı hladinu mǒre).
Jeho plynut́ı tak neńı závislé ani na periodě rotace Země ani
na výšce uḿıstěńı atomových hodin, jako u lokálńıho mě̌reńı
atomového času. Tento čas p̌redstavuje v současné době
nejp̌resněǰśı dosažitelnou časovou stupnici. (Wikipedia)
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pomůcky

Gravitace

Kosmologie

Modely

Fyzika
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Prostoročas

Fyzikálńı děje popisujeme v čty̌rdimenzionálńım prostoru.

Čty̌ri reálné funkce parametru λ úplně popisuj́ı pohyb
jednoho pozorovatele.
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Metrika

Časy a délky mě̌rime metrikou

(∆s)2 = (∆t)2 + (∆x)2 + (∆y)2 + (∆z)2

(∆t)2 − (∆x)2 ≤ (∆t)2 ≤ (∆t)2 + (∆x)2

Nezrychlený pozorovatel mě̌ŕı nejdeľśı čas!
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Metrika

Časy a délky mě̌rime metrikou

(∆s)2 = (∆t)2−(∆x)2−(∆y)2−(∆z)2

(∆t)2 − (∆x)2 ≤ (∆t)2 ≤ (∆t)2 + (∆x)2

Nezrychlený pozorovatel mě̌ŕı nejdeľśı čas!
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vesḿıru

Rikard von Unge
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Čas
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FLRW

Homogenita (vesḿır vypadá všude stejně) a Isotropnost
(vesḿır vypadá stejně ve všech směrech) znamená, že
metrika nemůže vypadat jinak než

ds2 = −dt2 + a(t)2

(
dr2

1− kr2
+ r2dθ2 + r2 sin2 θdφ2

)
Metrika záviśı jenom na jednou neznámou funkci o jedné
proměnné a(t). Je to škálovaćı faktor. Všechny délky jsou
úměrné a(t).

L = a(t)

∫ r1

r0

dr√
1− kr2
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vesḿıru
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FLRW

Znalost́ı a(t) známe celý vývoj vesḿıru od začátku do konce.
Takto vypadá škálovaćı faktor pro náš vesḿır.
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pomůcky

Gravitace

Kosmologie

Modely

Fyzika
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Rychlost expanze (k=0)

Relativńı rychlost je úměrná R

v = Rȧ
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Hubbl̊uv parametr

Důležitý pojem, Hubbl̊uv parametr: H(t) = ȧ(t)
a(t) .

v0 = Rȧ(t0) = Ra0︸︷︷︸
vzdálenost

(
ȧ

a

)
t=t0

Relativńı rychlost mezi námi a vzdáleném objektem je
úměrná dráze Ra0 a konstanta úměrnosti je Hubbl̊uv
parametr H0.
Nejp̌resněǰśı hodnota Hubblova parametru je

H0 = 67.8
km

s Mpc
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Stá̌ŕı vesḿıru

Stá̌ŕı vesḿıru se jednoduše poč́ıtá

1 + (tVT − t0)H0 = 0 ⇒ t0 − tVT =
1

H0
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Velikost vesḿıru

Momentálně vid́ıme světlo pocházej́ıćı ze zdroj̊u ted’
vzdálené 46 · 109 světelných let.
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Hmoty

Různé typy hmot maj́ı r̊uzné časové závislosti

ε(t) = ε0

(
a0

a(t)

)3(1+w)

kde

w =



2
3 Nerelativistická hmota

1
3 Zá̌reńı

0 Prach

−1 Kosmologická konstanta

Řešeńım Einsteinových rovnic zjist́ıme a(t), a t́ım popis
celého jednoho vesḿıru od začátku do p̌ŕıpadného konce
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Mı́cháme a necháme
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