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Momenthybhosti (spin)+ Fermi-Walker prenos
1. Tast : Spin + Fermino prenos
- pracujeme v specialnej relativitenajpru : Minkowshehometrika Yar =diag(1,1

,
1
, 1)

-prevoinizarticulati,e 4-hybnorf P = MUT je Konstantia.

↳Zachorairaa 0

-zavadzame zobecnevie klarichhomomentuhytnosti (=x) : (prejednnvoy to
Lu = (xm-ap- (x-apr ... tiezra behompolybudartice zachevava

-D

-(a)-Y up-upt = M(mmn - umy) =0

an je libording perny svetobod.

Presistan artic neplativen Likice
zdovodor : 1) obecre sila nie je ~relativite centralia (napr. Lorentz)

2) maine retadovan interacia Crity neurdenpolohami viare?
juephati#I . Impulzora veta alo varich mech.-

-> teda celhovymoment hybrosti izolovameto systema interag partic by sa nezachovava.

Do celhoveho momentu hybnosti treba zahrnutaj interacinartic - Lahko

ryjdeme z tenzora energie ahybnortiTr - fenzor momentu hybnort
Cretazenijkbodnar) : MPN= (x-a)+M

- (xi- a)+1

Thr : celhou tenzor e . -h . izolovanehorystem, spliaZZenergie ajhybrosti : TMu
=0

Potompre symetrickyTM :

Mam
,
r = (x=a)

,
rTm+ (x-a)Thu

- (xa
,
T

*
- (x-)T+u

=GTm-Sha

= TM -T+ = 0

-symetrich tenzor
-ajpracha ,Empoiaaj id. Knapaling jeTh sym.

mozme symetrizorat
-obecuesada redy zhonotruorat symetrich cellor tenzorTMV vizolovanom sys.

Latol a poli
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zklarikejmechaniky Kontinua -> tenzor (napatia) sym . musibyf, Leboinab by v rornovaeIGola nevyrasencdrojicamil->vanil elemente hthydo Inbordnej unbrej richbsti- sym
.! ↑->

Fij =Tji
dM=xdEo

;
+xdFE : MPSSijnX;FrdVSEijnjOundSj(Fightin) &V

DEj ;

->Fitax
;

=0 2 podm . rornoraty

Ediferencialehozakona zachovaniaformulujeme integrat verzin-

0MdM , vynzitie Gaussorejvet in
dalej definajeme integraly : Jem = S MPMoB - cezpriestor. nadplochu ra zacorhe
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Prenadplocurucarnosti :JMa
&(t = Konst.)

a heczeajzminula vieme (Pm = -STrox),
ze Toje metazbikahustotyhybrosti,

je integrand sto,to Klarichymoment hybrosti (*x
Lahkovidime antisymetrichot : MPMO __ Mer as je-ya
-J priestor. zbhy si den 3 nezaviste a prove
fieto 3 zlozky popiruji celhormoment hybrosti izolovancho systema viare
-Konst . Ohdo bodn am

Notestedalfiebzbihy-JomE->Mo (f Sidcezt = honot.) :

you = (t- a)STrdx - ((x- a) T=dx = (t-a)p"=(xm+od3x + a"po
-

↳ fieto3zbikysuvisias polybom hmotuehostredn system totovyjadrime
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Definujeme priestor . Stradnice hmotreho stredn-

~ mametab : xTdx =X =(t-aTpo

a prehadploche t=honit . (otcile) tabmanefenapaktanyPhothera- 3-rechleston : am
-n M jecelkova kindova hmotnostizolovaneho system

Presundo kindovej inercitnej ristary
...
deteraz sue pracorativ pernom laboronom inere . Syr. 15.

... no z vichodzieho principa STR name 1 scrad . rys. privilegoramy 0

-> nazueme ho kldory 15 nashofytryr. -hijbe sa 4-ryihl. Ut ·

plati : po = M,
"

= 0.

-obdobrezavedenie vlastncho hmotreho stredn (VHS) Fyz . rys
:

Vetkyhmotnestredysahijbu vornakon 4-rycht. X = MISmo
-> teda mi v hinde voci 15 ajvoi vlast. hm

. str.

Vuitorn (spinou moment hybrosti nazveme moment hybnorti okolo akejkovel
udalesti

,
It .Lezina setociare VHS

.
Znatime &M(nies)

-vissusur. Tejtondabsti (ao, XM Xs M

i
-

-> zrounice pre Jor spositame Som = /E- *)Food = 0

- 3 nezavistenembre zbky SCajcelho SM) privadime 4-vektoru spinn :

↳ S = 0,=
-> robecuominera

. sys.
It ma 4-veltor spinn Sh zbiky : Sr = -EEruke&

**

44

Ensex ... Levi-Civitta tenzor

dokazv I5 : U = (1, 0
,

0
, 0) ,
S =(=m

-

M= 0 :5 = 0 M= 1 :E =- (,
k) =5(2,3) ,

(3,233 ,i
= -2(1 .521 +(1) .

52
· 1) = - 1)-=-52)==

Ez
, Eg analogichy
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->Vrative sa nachvila l celhorema momenta hybrosti J okdo obecrelobodan

...
zweime referenzugbod am m a ichvozdich : G-an

,
mane z

zmenu momentu hybnosti (stace pritzkonst) :

ja-
a

= S[(x=y+m- (x=Y++ dx - S[(x=a)+Mo- (x=a++ dx
Im

I
pr pa
~

= - 6 pm + 6 px =-(at-a)(Trodx + (au-am)x

Gravitation
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- ak speciale alezi na svetociare VHS : Jes
Sehnedvidiet, ze vouztahn mommiesto

*

pisaty, teda moment hybnorti
obolo Fubovahobodu , Lebo=J _ jjked'deradime do

- X kVX

avynavobime ut= Zheng Kradraticev4-hyb: -6 PP +GPP

symetrichi Kradrat pri kontrakcii Santisymetrichim E.... Vypadn (zortane Len s 8)

->take pre 4-vektor spinn mame obechejie : Sr= -Erm]u
Powynroben U"hredmame (Edivodn also Phradrat) : NU = 0

=> -vektor spinn je holmij ↳ 4-rychbotisystein.

Vital mozme Klarichy prepirat :=Si+*
-> cellor moment hybrosti

voi obecreme boden m jezlozeng z unctornitom .
h . (spinn) prebodat(poloka VHS

5 =Ja a orbitalneho moment ( = -Ep+ 5 ph.

(5 je moment hybrorti hmotreboboda 54-hybroston PM
,
+.jeuniesters vo VHS system

vociboda oproti L
*
Mv1 .Uzorciata- zamera X****-



Pozn: al pozname JIM a Ph ,
mozme spoditat ↳" medzi bodomUHS a

Inboroug ,
ku kt .je ratagene JIM

.
Vzorec pre projeccin 6 e Ur :

E = 6 + u (u
,

6) = M-2 . j
*
Pr

Preizolovani system plati : Zachovanie 4-vekt . ~pinu so 4-vekt. Celkorej hybnorti
a s celhoryimomentomhybmosti :

&
Norpripade nestacionarneho systema Chapr. System so ziarenimodchadzajncim-s
maine ratah pre ryihlost straty momentuhybmosti plochou-(prietororon)
rahladonb poliathe air: -dom(5-plochavoulnorejzone)
-najiastejoi jezanjem o strate vuitorntho momenta hybrosti vryrteime ,

we Pr

a positol = hm . stred : an=0 =X . Napr. prigrav. poli v situatis drojkviezdon

obichajaion obolo spolvito hm
.str

.,
sastraca moment hyo. Vdosledkn ryzarorania grav.

vin

Poznankal inercialnym systemom :

hm
.str. v 15 (x=x)Galified definorances VHS vTO ( = M=EToRX)
-hox je voii vartreuv rbinde , Lebo hiber15 h-ryihl . UK

pr prCuztaly-> d U=

(Papo)+2
=

M &
-cheme najst uztah medzi poblon VHS ahm .

~tredu voii 15

Vratimerakuztahn : X =(a Potaszaudabst avolime Labor.
udalost' na svetociare VHS = miesto JonNora
Stori priestor. Mir.

VHS meranev(5) =Curi . sys. (5) :

(t - app" - (x -x)po -5 = o
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- priame zavedenie 4-vektora rozdielnudalesti : *X](v15) = (t-
,x-x)

↳
spojecie ndabrina setociare VHS s udabaton na svetociare He vocis

+ zavedieme4-vektor V*-VIS mazbely :V =(
,
0

,
0

,0)

Cryznam : 4-rijchlst 15 voiiiney inbor. 15
=> predil vornica v tenzororomtrare : (x] PV-*X* P&-S%V = 0

( Issaredukjena vornich : M = 0 ten prezijed .)
->tenzonorarounica- stain dobrent platmoot" v 1 -yotime ato 10 - P " = 0

,
P:= M

e 3① u = m : -xPoVo-simv,
= 0

u= 0 : exV; = 0

Pripad r= m : ex =-For(-s vektorovo:=(x

inde je dbysajnarghlstogs. ((hmrtr) ~systeme (VHS) , no obats si

~Kinde is a separuje ich praveo
) priame overvietohto 30 vztahn:Eisen S1152- N251

-> hmotrstredy splymi heartedly ,
al fyz .r. nema spin: = 0 !

Epripadu U= 0 : 0%. = 0 - phynietary => (nerelat . Lim.Former= 0)
z hiadiska #S vytvoria vetkymozne HS voi roznym 15 kruhojdisk
spotverom = SostredomX
(zem : =10m , Sys. atmorjchrozmerova : Ora
Jalridosledol : polomerfyzsys . Koneznych vozmerov (T:= 0 mimo r)

,
dane M

,
1:

jeohranieng zorpodn(v) : VEN ,
ab mabyt uf /S T: 0 .SedanMuriena

Fermina prenos
-Sue v1S

, vlasting hm . stred Fyz . rys. je uklude .
Nech na syr. porobi sila,Len

vbode- neuzwikajn Ziadne momenty sil . (Napr. Gezsilorjzotraswik vhm
.stred

alebo bodova castica so spirome
a 5:0

Potomu [S ,
Ide U = (1 ,000) vanomokamika plati: =~Lorentzorky

invariantnom trave vlubor .
15:= 1) ,...vartigas vlast. hmstr. a



(doraderi U
*

=(1,
0

,
0

,
0) a 5

:

=0 1) sedif 1...zatial len multiplikativny faktor.

Devivovampdmylitytranidovra-a
- 1 =5du a tab celloro prezmem 4-vehtora spinni desduY de

Auct rornica Fermino prenosuIn

-> restor Skt.oplia titovornica pozdiz oretociary XM(t) - teingmirestorm u =a

Sapozdt tejtosretodiary prenata Fermino prenosom

- vektor s voci oram /S ziaduu rotacin nekona abv tomokamika UP = (1, 0
,
0,0) -

Kona jedine rotacia varorej rovine (vrovie vektorov U a c- pricom
zostava state Ortogonalg k U2.

-

RovnicaFPhutjndmehyU
or is

dole index dole inde

· .. Ak Fyzik. system (astica,zotrvaknik) nieje wrichteny jekospin sa premsn paratelne
-> S=bont . (teda FP pozdiz priamycheretociar (U-=honot) prechadzar PP.

-upripade zujchlenchopolybu spin zachvara ~voj meravelhost ~ Fokanzitom TS(kind)

no voii perine 15 Sa meni podia FP a Kona Thomarorn preceviu
-> spinprecede nounicon v GTR Skriptach (18.2) , resp .

1 . Studently talk :

CrhindovomT):-x ,ude(x .

under
un

[priama xm(t) ↳uhlovarychtestThomas. precesie

S
teste FP pre ↑1 UM zachovava velhost SM2 :& un &=yus)

Sm
=(du +(

L

i+i
S

i Sup & -- Mup pref/5-disk spolome rom

-
S- m = Moz r = (Molnevor polomer)

> Ndount-Mdomnt
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