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gbobbbouooogbbbooooobbboooobobbbooooobbn
gobobbouogogbobboooouobobbooooobbboooogooo
gbobbbuooodooooobobouoooobobbuoooooboo
gobobbooooobobogooobbbooooobbboooooooon
gbobbobuoooobbboooobbbooooobbbbooooobobn
gbooboogoobobooooboon

e OO : gddddddddddodoooodooooooooon
gbobobbooooobboboooobbbboooobobbbooooobon
gobobboooobobooooobobbbooooobbbooooonooon
gbboogdgbougbbobboobboobboobbobuoobboobn
gobobboooobobbooooobobbbooooobbboooooonooon
gbobobbouooogbbbbodoooobbbbooooobbbooooobn
goboboboooooobobboooooooboobobboooooboon
gbbogboboodgbbuoooobbuoobobooobboooboobbo
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1.2 0000

gbbboooobbbboooaobbboooobobbboooabobon
gboogbogboobogbooboobbooboobooboobobo
gbobbbouooogbbboooobobbboooobobbboooabbn
gbobobbouoooobbobbooooobbobbooooobbboooogbon
oboboobooboon

1.2.1 0000

gboobooooobbbooogobobobooooobobobooooobooon
Yes OO OUOOODOODOOOOOODODOODOOOOODOODOOOOOODO
gobobbouogoobobooooobbbooooobbbooooaooon
gbobbbouooogobbbbooooobbbooodobobbbooooobobon
goboboogoobobooooobobbooooobbboooogobooon
gbobbbuooogobbbbboooooobbbouooooobboobo
gbboboooobbbooooboboboooobbbuoooobboooad

gbbobooooobbbuoooobbbooooobbboooobbon
goboobbobobboooogobobobbooooobobbooooobon
gbobbobooogobbobuodoooobbbbouooobuoooooboo
gobobboooogbbobbooooobbbbooooboboboooobon
gbobbbooooobbboooobobbboooobobbbooooobbn
gobobbouoooobbobbodoooobbbboooobbboooogoboon
gbobbooooobbbuoooobbbooooobbbbooooobbo
O00000O000oo0o0o00oooo0oooooooooooo (oo)o
gbobbbouoooobbboooobobbobooooobobbbooooobbon
gobobboooobbobooooobbobooooobbboooobon
gbobbboooobobbboooobobbbboooobobbbooooobbn
gbobobouooooboboooobboibdd (I

1.2.2 000000000 (E.O.U.)

O0E.T. (Extra-Terrestrial) 0 0 000000000000 ET.000
gogdooboobbbooooguouooobbobboooooguoooon
O0000000000000000 E. O. U. (Extra-Our-Universe) 00 0
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oboboboobobooboboboobET.OODLDODOODODOOD
Oo0oooooboooooET. 00000000 obobobobon
gboboboogon

OO0OE. O.U.00000DO0ODOO0ODOO0bOO0bOOobOboobooooboboo
gobobbbbbuooogobbobbuooooobboboooooboboo
gobobboooobbobooooobbbbooooobbboooooon
gbobbbooooobbbooooobbbboooobobbbuoooobobn
0000000000000 0000000000O0O000(oo0oo)O
gbobbooooobbbooooobbbboooobbbooooobn
gbobobuogoobboooobobuoooob O

e JUOOOOOO - gdddddddoooooooooooooon
gbobbobouoooobboboooobobbboooobbbboooobobon
gobogobooodbbuoobbooobbuobobobooobbuooooo
gbobboboooogobbbooooobbbbooooobbboooobobon
gobobboooobobooooobobbbooooobbboooonooboon
gbobbobooooobboobbobbuooooobbbbuoooooboo
000000000000 000000000000O0 22U 0000000
gbobbbouoooobbbooooobbboooobobbboooobon
gboboboooobbboooobbbooooboboood

gbboboooobobbbuoooobbbooooobobobooooobobon
gobobbooooobbobooooobbbbooooobbbooooonoon
gbobbuoooobboooobobon

e JUUOUOOOOOQO - godgboboboobbobobbbbbooogogg
gobobboooobobbooooobbbbooooobbbooooooon
gbbogbobooodbbobbobbooobboobboobboobobo
gobobobbooooobbbbooooooboobobbuoooooboon
gobbbouoooobbbooooobbbbooooobbboooobobon
goboobobbooooooboobboobbbooooobooobboooooboo
gboboboooobbobuoooobboboan
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1.3 0O00ooooon

gbbobooodobbbboooaobbbooooobbboooobbon
goboboooooboboboboobbuooooobobbuooooobon
gbobbbbooogobbbbobooooobobbbooooobbbobbn
gobobbouoooobobooooobbbooooobbboooooobon
oboobooboobooboobooboobooboobooboon
gobobbooooobbobogooobbbooooobbbooooobon
obooboooboobooboobooboobooboobooboon
gobobbouooogbobbooooobbobboooooboboooooobn
oboobooboobooboobooboobooboobooboon
gobbobbbouogoogoboobobbbobodoooooooooboo
obobboobooboobooboobo

1.3.1 OO0

gbobobooooobbbooogobbobooooobobbooooooon
gbobbbooooobbbooooobbbboooobbboooobbn
gbobobooogbbboooobbobooogd

e D : ODLOUOOUOOOLODUOOODLDLOOOODLDLOOOODLDbDOOOO
gobbobbboooooobobbbbuoooooobbbbbooooob
gobbbuogogbobooooobbbooooobbboooooooon
gbobbbuooodgoboobbobbouooooobbobbuoooooboo
gobobboobbbododgooooooobobououboduooooon
gbobbobouooogbbbbouooobbbbuooobobbbooooobn
gboboboogobbobuooooboboooobooooog

e JUOODO : godbobobbobbobbobooboooooooooon
gbobbbouoooobbobooooobbboooobobbbooooboo
goobbooobbodgoooboobbooooobobbuoooooboo
gbobbobooooobbobooooobbboooobobbbooooobon
goboboboooobobooooobbbbooooobbbooooooon
gbobobobouoooobbbooooobbbooooobbboooobbon
gobobboooobbobboooobobobboooobbbooooobooon
gbobobuoooobbbuoobobboooobbbogn
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1.3.2 0O0O0O

gboobooooobbbooogoobobooooobobobooooonoon
gbobogbobbooogobobodan

e 0D : DOOUOOO0ODLOOOOODLDOOOODLDODOOOODLDOOOO0
gobooboboooooobobobobbooooobobboooooobooon
OO0o0bO0oDOobDoooobobooboobDobon MaxwelOODOODODO
goobooooon

gboboboooobbbooogobbbooooobbboooobon
gobobboooobobooooobobbbooooobbbooooonooon
gbobbbouooogbbbboooobbbbooooobbboooobobon
goboboboooobbobooooobbbbooooobbboooonboon
gbobbooooobbbbooooobbbboooobbboooobbn
gboobooooobooo

e OIUODO - obobooobbobbooobbooobobooobobog
0 Gedanken Experiment (00 00) 0000000000000 O00OOO
obooboobuooobboobooboobooboobbooboob
guodoooooooobbbbooboooo

goodoooobbbooooooooobbboooooogooo
gooooboboobbbooooououoboobbbboooooooooon
goodoooobboboooooooooobobbooooogoooon
goooouboobbbbooooooouoboobbbboooooouoooon
goodoooobobbbooooooooobbbboooooooooon
guoooobbbouooobboooooooobobbbuoooooon
goodooooon
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1.4 0O000OO0O0O0OOOOOO 00000

gbbobooodgbbbooogobbbooooobbboooabbon
gbbogoboogbbooobboobbooobbuooobboooooo
gbobodbuobobodgboobobooboboboboobobodan
gobobuooogoobobbboooooobobooooobbobobn
oboobooboobooboobooboobooboobooboon
goboboooooobobobbuoooboooooboobooooobon
obooboobooooboobooboobboobboobooboob
gboboboooobboobuoooobbob

1.4.1 0O0OO4O4

gbbbooogobbbuoooobbbooooobbboooobbon
gobobbuoggbobbooooobobooooobbbooogooon
gbobbobbouoguoooobbobbooooobbobbuoooooboo
gobobboooogbbobbodoooobbboogoobbboooogobon
gbobbbooooobbbooooobbbbooooobbboooobbo
gobobobooooobbobooooobbbooooobbbooooobon
gbbboodgbobbboooobbbooooboo

1.4.2 0O0O0O0O0O0

gboobooooobbbooooobobbooooobobobooooonoon
gbobobbouooogbbbodgooobbbooooobbbooooobobo
gobobooooon

e Galilei 00 : 0O00000000O0 R(t,2,y: 000000000
000 S(,«,y,7) 000000000000000 c000000000
000000000000000000000000000000000 140
m/s] 00000000 c¢=3x108[m/s] 000000000000000
0000000000000 2~ 00000000000000000000
00000000000000

r=a2+vt', y=9y, 2=2, t=t (1.1)
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OO0 GalileiDODOOOODODOOOODODOODOOODOOODOOOOOOOOO
O0o0oobooobboobbod MaxwellDOODODDODOOODOOOOO
OO00000000b0o0ooobbobo0obobo0bbDOGalileiooon
gboobooooobobooooboo

1.4.3 O0OO0OOOOO

S-0000+»0O0000000000000000000000000000
000000OR-00000 R(tx,y,2)00000S-00000 S, 2,y,7)
0000000000000 0000000000000000000000
000000000000 00000000000000000000000
0000000000000 0000000000000000000000
000000000000 00000000000000000000000
00000000000000000000000

e IJOOODO - 0000 S—-00s—000000000000000
gooooo
x = y(z' +vt'), tzy(t/—FUQI’), y=vy, z2=2 (1.2)
c
0ooog |y= -2 0000000000000 Maxwell OO0 S—0O

-2
OO0 R-0O0000O00O0DOOO0ODOODOOODOODOObDODbDObDOOn
gooobbboboobobbotododdgooooooobiobbibih vke
O0000OGalillei OO0O0D0O0O0OO0OOO0OOO0ODOOODODODOOODOOOOO
OO000000000D00 Galilei DO0ODO0OOO0OOOOOOOODOOOODO
gooobood

e JILODN : gobogbobooobooobogobooobboda
gbooodbt z,y,z 000 ¢t 00000 OO0OOOO0OOOOOOOO0OO0
gobobbooooobbobooooobbbooooobbboooooon
gbobbbooooobbbooooobbbboooobobbboooobbon
gboobobobdg gobooobboobbuogobooobbobboanon
gbbogoboodgbboobdobbuooobbodobboobboaboo
goboboooggbobbobbooooooboobobobbooooobon
gbobbboooobbboooobobboboooobobbboooobbo
gobobbouoooobbobooooobbbooooobbboooobon
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gbobbbooooobbbooooobbboooobobbbooooboo
goboboooobbboooobbboooooboboooonooon

e 310 DODONO = gooobobbbbbbbobobbdoduoaoag
obobobobobobooobobooboboboobobobbobo
O0000o0o0o000ooooooooooo(oooooo)oooood
obogbooboooboboboboboooobuoboobobooobon
gobobbouooogobbobbodoooobbobboooobbboooobon
0000000000000 00000000DO0000OD000OO0O (0O
O00000)oooood

oboobobbooboobooboobooboobooboobon
gbooboogon ’3@1DDDD gbobobooooobboooooboo
gbooobooobgoobboobboobobboobboobooon
gbobobobooooobbobooooobboboooobobbboooobon
goobooooooboobod

144 0O0O0OO0OOOOOO

goboboobooooobboobboobooooobboboooooobon
gbobbbooooobbboooobobbboooobobbboooobbn
gobobooogoobobobobobbuoooobobbuooooobon
gbbbooooobbbooooobbbbooobobbboooobbo
gobbooooobbobooooobbbooooobbbooooobon
gbbbbooooobbboooobobbbboooobobbboooobbn
O0000000000000000000 (Relativity)DOOOOO0OOOO
gbbbooooobbboooobbboboooobobbbooooabbn
gobobobooooobbobooooobbbooooobobboooaoboon
gbobbbooooobbbbooooobbbboooobobbbooooobbn
gobobbuooogbbobbooooobbobboooobbbooooobon
obobobooboobooboobooboboboobooboobon

1.4.5 0O0O0O0OOO

gooooboooobobooon gvbooubbobooboogon
Minkowski 0000000000000 ODOOOMinkowski 0D O0OOOO
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00000000 [(ds)? = (edt)? — (dz)? — (dy)? — (d2)?] DODOOOOO
HEN (d$)2DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000000000de* = (edt,dx,dy,dz), dz, = (cdt, —dz, —dy, —dz) D0 O
00 (ds)? = (cdt)* — (dx)? — (dy)? — (dz)* = g"dz,dz, 0D0ODO0O000DOO
goooooooooon g

1 0 0 0
0O -1 O 0 . .

gt = 0 0 1 OO00D00D00O Minkowski DO DO ODOODO
0 O 0 -1

e OODOOODODO - gobodbboobooobooobuoonboobg

O000000ooooooogg g =g¢g"(t,x,y,z) 0000000COC0O0O
gboboboooobbbooobooboobooooboboboo

g DoOouoooobbd = 0booogbboboooobbodao

0000000 (00)0000000000000 Ricci 00000000
gobobooooobbbooooboboooooobon gvougooboo
gbobbobouooogbbbbooooobbbbuooobbboooobon
goobobooodono gwbbooooobobuooooobobbooooooboo
gbob gbooogbbbuouooobbbuooobbboooobon
O0OOo0ooobood ¢™d Minkowski 00D O0OD0OOOOOODOOOOOO
gbobbobouooogbbbooooobbboooobobbboooobon
goboboogobboboooon

e JI0I0D0ODOUIO: OO0OO0ODOUDOOODDODOODODOOOOO (¢o,y,2)
gboobooboobooboobooboobooboobooboon
gobobooboboubbouogooobbobbboooooooboboobobon
gboobooboobooboobooboobooboobooboon
goboobobobobboooogoobboooooobbobboooooobon
obobbobooboobooboobon

e O OUOOOODODODODDO - gopoboboobooooooon
gbbogobobdogtobboobboooboodobboodobbabbo
gobobobooooobobooooobbboooobobbbooooobon
gboobooboobooboobooboobooboobooboon
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goggbbbuggobbbooodgbbbboooobbbuoooobobod

e UUUODODODOODO - O00o000oo(@oo)ooooooooo
gobobooooobbobooooobbbbooooobbbbooooobooon
gbobbooooobbbooooobbboooobobbboooobobon
goboboboooobobbooooobbboooooobobboooonooon
gbobobboooobbobooooobbboooobobbboooobon
gboboboooobbobooooboboboooobobooboooon

1.4.6 UO0O0OO0OOOOOO

gbobodboobobboobooboboobuoobobooboooo
gboobbobudboobobodobu. obuoobuooboboobago
Oo0o0oodoooooooooogoooob. 000 ¢,0000 Poisson
gobooo

V2¢g:47TG0p
gbobobouoogon
g00:1+2¢g

gbobbobuodgbobbodgbuogbobbobodbobboobagn
O00don ¢,0000 Poisson JO0OOOOO0OOOO0OOOOOOOOOO
gbobbobbodooogbobbbbuoooobbbbuoooobbobbobn
gobobbooooobobobooooobbbooooobbboooogooo
gbbboogobbboood

gboooodgoood g bbb buoouooboooooo
0, 00 000000000000000000O00O0O0O0O0O0O0O0O0OO000
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDgoozl—Qqﬁg
gbgbbdobodgbdodgobobbobuodbuoobobbobodgbagn
gobobbooooobobbooooobbbooooobbboooogbobon
gboboboogon

1.4.7 Maxwell 0 00 0O Einstein [0 00O

Einstein 000 000000000000 O00O0O000O0O0OOOMaxwell
gbobobbooooobbobooooobbbooooobbbooooobon
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O00O0MaxwellOO OO Einstein 00 0O O

0, (0"AY —0VA!) = ej” (MaxwellO O O) (1.3)
1

R‘“’—ig‘“’R = &G T" (Einstein000) (1.4)
O000000O0OMaxwellODOOOOODOODODOODOODOOO A*O0DOO
O00000000000000O0D0OEiInstein0000O0O0O Ricci DOO
O(Rw)ODODDODOOODODO0OO0OO0O0O0OD00O0O0ORIicciDOODOOOOODOOO
gv oo oooooobobboooooon g™ 0o
0000000000000 0000O00000O0000ODoo0oOO (g0

TYOOOOO0O0O0O0000000000000000oooo

e Maxwell DD DOOOOOODOO j#
OO00Maxwell ODODOO0D0O000OODOOODOODOODOODOOODOOOO 4+
OO0000O00bO000000o0O0obO0oDobO0obOobooobooboooooDoo
000000000000 DO00O0000000000DO0oDOooDOoooogn
OO00O0DoOo A#D0000

00000000000 0000 y#000000000000000DO0O0
OO0000O0bO00O000O0o0O0oO0ooDobO0obOobOobooobooboOooDOoo
O00000000DO000DOO0DOO0DOO0ODO y#00000000DOODOODO
0000000000000 0000 DiracO0DOO0OODDODOODOODO Dirac
000000000000 0000000D00DO00O00O000DOO0O0Ooogn
O00D0000DO0D0O000000DO0DOO0DO0DODOO0DO DiracOOODO
Schrodinger 0000000000 OOOOOOQO Schrodinger OO0 00O
000000 j#000000000000000000DO000O000O0000
000000000000 DO000DO000O000000D0oDoooDoooogn
OO00D0D0D00000000o00ooooooooooooooooooagn
OO00D0D0O0o0o0
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e Einstein 00D O0OO00OOOOOODOOOOODO :

O0OD0Einstein 0000000000 DOOOOO0OODOOO0OODOOOOOO
gbobbooooobbobooooobbbuoooobbbboooobon
goobogw oobobogoobboog g dobbboooooboo
gbobbobooooobbbbooooobbbbooooobbboooobobo
gooboboboobbbobbbbibobooooooooouooooobooon
Einstein 000000000 0OO0OODOOOOO

e IO DOODOOODOOODO -

OOD0O0O0O0OD00OEmstein 0000000 0ODOO0O0OODO0OOOODOOO
gboobooboobooboobooboobooboobooboon
OO0b00o0ooboboooboooobooboobOon DiracOOOOOoOO
oboobooboobooboobooboobooboobooboon
O00000000000O0C0C0C0O0O0O (DoDoDoDOOoOoOoO)oogd
OO0O000o0b0oobo0b0o0obobooobobobOob0oboOoUnUdEinstein
gbobobobooooobbobooooobbboooobobobboooobon
goboboooobbboooobobboooooboboooobbbooo

e U0 DDOOOOODODOOO -
gbobbbooooobbboooobobbboboooobobbbooooobbn
gobobobooooobobooooobbbooooobbboooooobon
gbobuoobgbuobobobobobobobooboboboobobodgn
OO00O0O0OOEinstein 0000000000000 OOO0OO0OOODOOOO
O0b000b0ooo0ooooboob0oobo0oboo0ob0o0gobOd Einstein
gbobobuoooobbbuoooobbboooooboood
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1.5 000000

gbbboooobobbboooobbbooooobbboooobobon
goboobobbbtbogoogobobooooooobobooooobon
gbobbbooooobobbbbuoobboooooobbbooooobboo
gobobobooooobbobooooobbobbooooobbbooooobon
obooboobooboobbooboobooboooobooboon
gobobbooooobbobooooobboooooobbbooooobon
obooboobooboobooboobobobooboobooboon
goboboooogbobboobbobbuooooobobbuooooobon
oboobooboobooboobooboobooboobooboon
gobobbooooobbobooooobbbooooobbbooooobon
gboobobooboboooboobboobbooboobboooboon
gobbooooobbobooooobbboooobobbboooogbon
obooboobooboobbobboooboobboobbooboob
gobbbooooobbobooooobbboooobobbboooooobon
obobbooboobooboobooboobobboboboobn

1.5.1 OOO0OOOO0ooood

gbbobooooobbbooogobobobooooobboboooooon
gbobbbooooobbbooooobbbboooobobbboooobbon
gobbooooobbobooooobbbooooobbboooooon
0000000 ((o0o0000oo0o0o00oo0oooooOooD)ooooOd
gobobbogoobbobooooobbbooooobbboooogoon
00 (QED)D00D000D QEDUIODO0ONONONONONONONONONONONODONOOGOO
gbobobooogbboboooobobooooboobooood

e [00 : OD0QEDUOOOODOUODUODODOLOOODODODODOO
gbobbobboduogobboobbbbouoooobobbbuoooooboo
gobobbuooogbobbooooobobbooooobbbooooaonooon
gbobbbooooobbbooooobbbbooooobbboooobbo
gbobobooooobobooooobobbooooobbboooooonooon
gbobbbooooobbbooooobbboooobobbboooobobn
gogdboboboooobboboogobboboooobon
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1.5.2 O0O0O0OO0OOO0OO0OO0O0O00

goobooooobbboooobbobooooobobbooooonoon
gbobbogbuodbogbobbobodgbugboboooboobagn
gobobbooooobbobooooobbbbooooobbboooooooon
gbobbbouooobbbooooobbbbooooobbbooooobn
gobbboogooboboooouobobbooooobbboooooooboon
gbobbbooooobbobooooobbboooobobbbuoooobbn
gobobbuogoobobogooobobbooooobbbooooooon
gobobodgog

e D DOOOO : OO0OOLOOOOO0ODLDLDOOOODLDODOOOODLDOOOO0
gobobbooogobbobbooooobbbooooobbbooooooon
gbobobbouoooobbobooooobbbboooobbboooobobon
gobboooobbbooogoobonooobboooobboboooobo
gbobbobooogobbbobbuoooobbbouoobbooooobon
gobbobbboooooobobobbbodooooobbobbooooon
OO0D00000000b00b0D0000nDO Lagrangian DO 0000000
Oboobobobooboboooobuobooobobdunod Lagrangian [
gbobobbouooogbbbtooooobbbboooobbboooobobo
O Lagrangian U 000000000000 O0O0OOOOO0OOOOOODOOO
gbobbbouooogbbboooobobbboooobobbbooooobobn
gobobbooooobobobooooobbbbooooobbbooooooon
gbobbooooobbbooooobbboooobobbbooooobobn
goboboboooobbobooooobbbbooooobbboooooooon
gbobbbbooogogbbbbobooooobbbbuoooooooooboo
gobbbuooogboboooouobobobooooobbboooogooon
gbbobuoobobbboogbbbuooobobbboooobbboo

e D DOOOOOD « ODOOOODLDLDOOOODLDODOOOODLDOOOO0
gobobboooobobbooooobbbooooobbbooooonooon
OOoooooboobobobobQeEDUOOOOOOOOODOOOOODOn
O0000 LegUOUOOOOobOoOOobOOo0obOobDOObObOobOobODOD
gbobbobboooggoooobbobbuooooobboobbuoooooboo
gobobboooooboboooouobobbbooooobbbooooonooon
gbbogdbobogbboobbuoobbuoobobuoooboooboooobo
O00000000000oo0O0O0o0ooooO(oooo)oooooooood
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gbobbuoooobbbuooobbouoobobbouoobbo

e DiracUUUD : 0O0O0OD0OODOODOOOOODODOOOOOODODOOO
gobobobooooobbobooooobobbbooooobbboooonooon
OO00OOobDobOobobooboobooogoDiracOO00O0OO0OOOOODO
gobobobooooobobooooobobbbooooobbbooooonooon
OOoobOoooobOoobobooooobobobooooobD ATIPOODOODO
(OooO0O0O0000O)00D0D0D00OO0OODO0O00D0ooOOODOOoOO
gbobbobouooogbbbbodgooobbboooobbbboooobon
gobobboooobobooooobboooooobbboooooonooon
gbobbobboooogoooobbobbuooooobobobbuoooooboo
gobobboooobboboooouobbbooooobobbooooonoon
gbooooo

1.5.3 U00doboboooooooon

oboobobbobobobobooboboboboboobooboobon
OoobodboboboboboobuobuoboobobUob Lego
gboobobobobbooboobooboobooboobooboon
obooboobooboobuooboobuoobooboobooboon
oboobobbob

e 0D DOO « UOOOOLOOOOODLDLDOOOODLOOOOODLDbDOOOO0
gbogbodbogbooboobogbaoboobuboobaogbaon
gbobbodboobobodgbobbobuooboboobobboboadgn
OO0000000000000000b00b0b0bOobODOd Lagrangian
gbobbbooooobbbbooooobbbboooobobbbooooobbn
gobobbouoooobbobooooobbbooooobbbooooobon
gbobbbuoooobbboooobobbbboooobobbboooobobn
gbooboooooood

e DD OOOOD « ODLhUOOODLDLDOOOODLODOOOODLDOOOO0
gbobbobbbodogobbbboduooobobbbbuoooooboboo
gobobooooobbobbooooobbbboooobbbooogoon
gbobbboooobbbbooooobbbboooobobbboooobbn
gobobbooooobbobooooobbbooooobbbooogbon
gbobboboooobobbbooooobbbboooobobbbooooobbn
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gbobbbuooogbbbboooobbbooooobbbooooboo
gobobbooooobbobooooobbbbooooobbbooooonoon
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00 D Non-integrable Potential

When the non-integrable potential appears as the small perturbation
on the Newton equation, what should be the best way to take into
account this small potential effect?

D.1 Non-integrable Potential

Here we discuss the physical effects of the non-integrable potential.
The additional potential from the new gravity model has the shape
of %, and, therefore, we can write the non-integrable potentials into
the simple shape in the following way

q GmM ) 2
= D.1
Va(r) 2mc? < r (D-1)
where
—6 for General Relativity
q= . : (D.2)
1 for New Gravity

In this case, the differential equation for the orbit with the additional
potential becomes

(D.3)

dyo % 2 Cr 2 22

This equation can be solved exactly and the effect due to the correc-

dr 7 —r2\/2mE 2ma 1 q (GmM)2

r

tion appears in cos ¢ term and is written as

r= Ay (D.4)

1 + € cos (%gp)

where A, and L, are given as

qG?M?>m? 1
Ay = i, ng\/€2+czz£ 1+n2€(1+2n>- (D.5)
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Here, the 7 is defined as

B qGQMQ

= 2Ri2 (D.6)

which is a very small number. It is around 10~ for the planet motion
such as the earth or Mercury.

D.1.1 Effects of Non-integrable Potential on Solution

The solution of eq.(D.4) has a serious problem in that the orbit
is not closed. This is quite well known that the potential with the
non-integrable shape such as V,(r) = T% gives rise to the orbit which is
not closed. It is, of course, clear that this type of orbits should not
happen in nature.

The abnormal behavior of the solution eq.(D.4) can also be seen
from the following term

1

L
cos <;go> ~ cos(p + 577@). (D.7)

It should be interesting to see that this term cannot be described in
terms of the cartesian coordinates of v = rcosy, y = rsiny. In fact,
cos(¢ + 3n¢) term becomes

1 T 1 Y 1

cos(p + ingo) = " cos 57790 - sin ingo (D.8)

and there is no way to transform the cos %mp term into z, y coordinates
even though we started from this cartesian coordinate. This is very
serious since the solution expressed by polar coordinates cannot be
written any more in the cartesian coordinates. This is related to the
fact that the orbit is not closed due to the non-integrable potential
effects.

D.1.2 Discontinuity of Orbit

The effect of the non-integral potential can be further seen as the
discontinuity of the orbit trajectory since the orbit is not closed. In
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order to see this discontinuity of the orbit, we first start from the
orbit solution with the non-integral potential, which is eq.(D.4)

_ Ag
 1+ecos (1+%n>g0.

r

In this case, we find the radius r at ¢y =0 and ¢ =27 as

A

' 1+¢’ 4 (D.9)
Ay

_ = 2. D.10

1+ ecosmn’ L ( )

Therefore the difference Ar becomes
1
AT = 7 (pm2r) — T(p=0) §Ag7r27]25 ~ (.15 cm (D.11)

for the Mercury orbit case of the general relativity as an example.
This means that the orbit is discontinuous when ¢ becomes 27. This
is not acceptable for the classical mechanics, and indeed it disagrees
with the observation. In addition, eq.(ID.4) cannot generate the per-
ihelion shift, and this can be easily seen from the orbit trajectory of
eq.(D.4).
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D.2 Perturbative Treatment of Non-integrable
Potential

Here we should present a perturbative treatment of the non-integrable
potential. This must be the only way to reliably treat the non-
integrability in classical mechanics.

D.2.1 Integrable Expression

The equation for the orbit determination becomes

2 er 2 22
2mkE 2mao 1
= r%/1 - —. D.12
+ \/62 1+n) 62(1 +n)r 2 ( )
Therefore, we can rewrite the above equation as

dr
1+ nde = W — =. (D.13)

E+n) T By 2

r

dr T 2\/QmE 2moa 1 q <GmM>2
JE— — =17 _
dy ¢

Here we note that n = 2 (GmM)? is a very small number which is
of the order n ~ 1078, Now in order to keep the effect of the non-
integrable potential in terms of integrable expression, we should make

1+ ndp ~de. (D.14)

The reason why we should make this approximation is because we

an approximation as

should consider the dynamical effect as the perturbation while the 7
in the right hand side of eq.(D.13) should only change the value of
constants such as F or « in the differential equation. In this way, the
equation to determine the orbit becomes

dr 5 | 2mE . 2ma 1
dp  VE(1+n)  Cl+ngr o
which gives the right orbit solution. Now the orbit is closed, and the

(D.15)

solution can be written as

Ay
p— D.].
1+ecosp (D-16)
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where A, is given as
52

Ao = Gatmz!

1+n). (D.17)

Note that the ¢ is also changed due to the n term, but here we can
safely neglect this effect since it does not play any role for physical
observables. Therefore, the effect of the additional potential is to
change the radius A, of the orbit even though this change is very
small indeed. Now eq.(D.16) clearly shows that there is no perihelion
shift, and this is very reasonable since the additional potential cannot
shift the main axis of the orbit.

D.2.2 Higher Order Effect of Perturbation

Here we should estimate the higher order effect of the perturbation
in eq.(D.13). Denoting the solution of eq.(D.16) by 7

L0 A
1+ecosp

and the perturbative part of the radius by ' (r = 7 +¢/), we can
write the equation for 7’ as

dr’ 1 2mE 2mao 1
T ()2 - D.1
iz = 2" \/52(1 ) P o) (D18)

where the right side depends only on ¢. Here, we should make a
rough estimation and only consider the case in which the eccentricity
¢ is zero. In this case, the right side does not depend on the variable
¢, and thus we can prove that the right side is zero. Therefore, the
higher order correction of ' should be proportional to the eccentricity
¢ and can be written as

'~ Cone A, (D.19)

where C; should be some numerical constant. For the earth revolu-
tion, the value of ¢ is very small (¢ ~ 0.0167) and thus we can safely
ignore this higher order perturbative effect.
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D.3 Period Corrections from
General Relativity

Here we discuss briefly the period corrections generated by the ad-
ditional potential of the general relativity. The gravitational potential
together with the additional potential from the general relativity is

given as
GM 3 /GmM\?
Vir) = —224m 2(m ) (D.20)
r mc r
Therefore the Newton equation becomes
GmM L
= — — D.21
mr r2 + mr3 ( )
where L? is defined as
6G? M>*m?
2 _ g2
L, =" - — Q0 (D.22)

The solution of the differential equation is given by taking into ac-
count the perturbative treatment of the non-integrable potential

A
r=-—27>5 (D.23)
1+ecosep
where A, is given as
L2
A, = g D.24
Y GMm? ( )

L

Therefore, the period 7' can be determined when we integrate p = —=

over the orbit period as
£ /Tdt /2” 2 AQ/% L 4 (D.25)
— = r = —_ .
m Jo 0 4 9Jo (14 ecosp)’ 4

which can be calculated to be
WwI' = 2m(1 — 27). (D.26)
In this case, the correction AT to the period can be written as

(AT

~ —2n. D.27
T )GR 7 ( )
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D.3.1 Earth Revolution Period

For the earth revolution around the sun, the correction to the pe-
riod 7" due to the general relativity becomes

ATgr = —3.8  [s/year] (D.28)

which is in the wrong direction as compared to the observation in
terms of the leap second delay. In addition, this value is, by far, too
large compared to the leap second, and in fact, the observed value
of the leap second is around 0.62 [s/year|. Therefore, the correction
to the earth period from the general relativity should be completely
ruled out from the observation.

D.4 Gravitational Wave

It is really a shame as a theoretical physicist that we have to make
a brief explanation about the gravitational wave. It is beyond imagi-
nation that some group of people insisted that they observed a signal
of the gravitational wave. Those people who claimed a “discovery” of
the gravitational wave should be far from physicists, and their stan-
dard of understanding physics must be lower than the fourth grade
student of university. The physical observation can be done only if
the object should have any interactions with matters whatever it can
be. However, the gravitational wave which is a classical wave has no
interaction with any physical objects. This means that its observation
of their claim does not make sense.

When a physical object can propagate in vacuum, then it must be a
particle like photon whatever it may be, even though massless. This
is confirmed from the vast amount of experiments, and by now, “the
ether hypothesis” is completely excluded. In fact, all modern physics
is based on the relativity principle, and there is no experiment which
contradicts the relativity.

Therefore, unless the “graviton” were measured, any gravitational
wave cannot be observed. However, the strength of gravity is 1073°
times smaller than the strength of electromagnetic force, and there-
fore, it is simply impossible to measure the graviton. This is well
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known to physicists and therefore, generally, any physics text books
do not make the explanation of the gravitational wave.



D.5. Predictions of New Gravity Model 181

D.5 Predictions of New Gravity Model

By now, a new gravity model is constructed, and as a byproduct,
there appears the additional gravitational potential. This is a very
small term, but its effect can be measurable. Indeed, this is the
relativistic effect which becomes

v 2
() ~1.0x1078 (D.29)
C

for the earth revolution around the sun. On the other hand, the leap
second of the earth revolution is found to be
AT _s
(T) ~2x% 10 (D.30)
which is just the same order of magnitude as the relativistic effect.
Therefore, as we see later, it is natural that the leap second value can
be understood by the additional potential of the new gravity model.

D.5.1 Period Shifts in Additional Potential

In the new gravity model, there appears the additional potential
in addition to the normal gravitational potential. In the case of the
earth revolution around the sun, this potential is written as

M 1 M\?
= ()

r 2mc?

(D.31)

where the second term is the additional potential [3]. Here, G and
c denote the gravitational constant and the velocity of light, respec-
tively. m and M correspond to the masses of the earth and the sun,
respectively.

e Non-integrable Potential :

As discussed in the previous chapter, the additional potential should
be a non-integrable, and therefore, the treatment should be done in
terms of the perturbation theory. In this case, the Newton equation
with the perturbative procedure of the additional potential can be
solved and the period T of the revolution is written as

wT =~ 27(1 + 2n) (D.32)
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where 7 is given as
G2 M?
2RYw?

Here, R is the average radius of the earth orbit. The angular velocity

n = (D.33)

w is related to the period 71" by

2T
= —. D.34
The period shift due to the additional potential becomes
AT
— =2 D.35
= (D.35)

which is the delay of the period of the revolution [2, 3]0

D.5.2 Period Shifts of Earth Revolution (Leap Second)

In the earth revolution, the orbit radius, the mass of the sun and
the angular velocity can be written as

R=1.496x 10" m, M =1.989 x 10*® kg, w=1.991x10"". (D.36)

In this case, the period shift becomes

AT
=27~ 1.981 1078 (D.37)

Therefore, the period of the earth revolution per year amounts to
ATy =0.621 [s/year] (D.38)

which is a delay. This suggests that the corrections must be necessary
in terms of the leap second.

e Leap Second :

In fact, the leap second corrections have been made for more than 40
years. The first leap second correction started from June 1972, and
for 40 years, people made corrections of 25 second. Therefore, the
average leap second per year becomes

AT% ~0.625+0.013 [s/year] (D.39)
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which agrees perfectly with the prediction of eq.(D.38).

e Definition of Newcomb Time :

Newcomb defined the time series of second in terms of the earth
revolution period. However, the recent measurement of time in terms
of atomic clock turns out to deviate from the Newcomb time [9]. This
deviation should be due to the relativistic effects, and indeed this
deviation can be understood by the additional potential of gravity.
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U0 E Planet Effects on
Mercury Perihelion

In this Appendix, we discuss the Mercury perihelion shifts which
should come from the gravitational interactions between Mercury and
other planets such as Jupiter or Saturn. This calculation can be
carried out in the perturbation theory of the Newton dynamics, which
is rather new to the classical mechanics. Here, we should comare the
numerical results with those calculated by Newcomb in 1898.

E.1 Planet Effects on Mercury Perihelion

The motion of the other planets should affect on the Mercury orbits.
However, this is the three body problems, and thus it is not easy to
solve the equation of motion in an exact fashion. Here, we develop
the perturbative treatment of the other planet motions. Suppose the
Mercury and the other planet are orbiting around the sun and in this
case, the Lagrangian can be written as

1 ., GmM 1 .9 Gmy,M n Gmmy,

L = —-mr SMMwTw
2mr+ r +2mr + Tw |r — 7y

(E.1)

where (m, r) and (m,, r,) denote the mass and coordinate of the
Mercury and planet, respectively. The last term in the right side of
eq.(E.1) is the gravitational potential between the Mercury and the
planet, and therefore it should be much smaller than the gravitational
force from the sun.
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E.1.1 The Same Plane of Planet Motions

Here, we assume that the motion of the Mercury and the planet
must be in the same plane and therefore we rewrite the Lagrangian
in terms of polar coordinates

1 GmM 1 Gm,M
L = §m(f‘2 + 1r2p%) + 777; + §mw(7“'u]2 + 12 5,2) + m

T’LU
Gmmy,

\/7’2 + 12 — 2rry, cos(p — gow).

Therefore, the Lagrange equation for the Mercury can be written as

+ (E.2)

GmM B Gmmy, (r — 1y cos(p — o))
2

mit = mre? — s (E3)

r (r2 412 — 2rry, cos(¢ — Yu))
d GmM w Sl ~rw

—(mr*g) = — mMrry Sinl ~ pu) 2 (4
i (r2 412 — 2rry, cos(p — pu))?

Gm,M — Gmmy(ry, —rcos(e — vy))

. 2 /
MyTw = MyTyw o - E5
7 L (r2 + 12 — 21y cos(p — @) 3 |
EM”%):_ Gy, Mrrysin(en — ¢)) (E.6)
i w! (712 + T121; — 2rry COS(SO - @w))g

E.1.2 The Motion of Mercury

If we ignore the interaction between the Mercury and other planets,
then the Mercury orbit is just given as the Kepler problem, and the
equations of motion become
GmM

. .9
mit =mret — — (E.7)
Cmr*g) =0 ()
g (mr @) = 0. .
Here, the solution of the orbit trajectory is given as
A
1+ecosep
where A and ¢ are written as
02 2E 02
A=—, e=/1+—5 with a=GMm (E.10)
mao mao

which should be taken as the unperturbed solution of the revolution
orbit.
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E.2 Approximate Estimation of Planet Effects

Now we should make a perturbative calculation of the many body
Kepler problem by assuming that the interaction between the Mer-
cury and other planets is sufficiently small. In this case, we can
estimate the effects of other planets on the Mercury orbit. Here we
write again the equation of motion for the Mercury including the
gravity from the other planets

/? GM Gy (1 — 1y cos( — 0u))

- oM | E.11
m2r3 r? (r2 472 — 2rry, cos(p — ‘Pw»% ( |

Now we replace r, r, by the average orbit radius R, R, in the last
term of the right side, and thus, the equation becomes
0 GM Gmy(R — Ry cos(v — pu))

7= _ — = E.12
m2rs 2 (R2 4 R2 — 2RR, cos(p — pu))? (E12)

Below we present some approximate solution of eq.(E.12).

E.2.1 Legendre Expansion
First we define the last term of eq.(E.12) by F as

Gmy(R — Ryx)
(R? + R2, — 2RR,x))?

F(z)= - ,  with z = cos(¢ — ¢y) (E.13)

and we make the Legendre expansion

Gmy,R Gmy, R, (R2 — 2R?)

F(z)=— + T4 E.14

@) (R + R2)2 (R + R2)3 (E14)
Therefore we obtain the equation of motion
. 0? GM  GmyR,(R% —2R?)

= aE T 2 + cos(p — ¢u) (E.15)

(B2 + I3

where the constant term is irrelevant and thus we do not write it
above.



E.2. Approximate Estimation of Planet Effects 187

E.2.2 Iteration Method

Now we employ the iteration method in order to solve eq.(E.15).
First we make use of the solution of the Kepler problem

0 = O 4wt (E.16)

Pw = 901(1?) + Wyt (E.17)

and thus eq.(E.15) becomes

. 2 GM  Gm,R,(R2 —2R?)
F= s T + (R R2) cos(b + (t) (E.18)

where b, § can be given as

b= — 0 B=wu—w, (E.19)

E.2.3 Particular Solution

In order to solve eq.(E.18), we assume that the last term is suffi-
ciently small and therefore » may be written in the following shape
as

GmyRy(R2 — 2R?)
(R? + R2)3

r=r0 4 K cos(b + (t) (E.20)

where r(*) denotes the Kepler solution of r(©) = ﬁ. Now we insert

the solution of eq.(E.20) into eq.(E.18) and we find the solution of K
as

1
K = “F (E.21)
Therefore, we obtain the approximate solution as
2 _ op2
r=r®_— G oy (R, = 217 cos(b + (t) (E.22)

(R?+ R2)3 2
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E.3 Effects of Other Planets on Mercury Peri-
helion

Therefore we should put the Kepler solution for () and thus the
Mercury orbit can be written as

A 2 — 2R?
r = _ Gmulty(R, - R)cos(b—l—ﬂt)
I +ecosyp (R? 4+ R2)3 32
A

12

(E.23)

G R (R%,—2R?)
1+ecosp+ R LR (o)’ cos(b + ft)

where we take A ~ R and also = w — w,. Here as for ¢,, we take

Gm, (1= %)

w = E.24

© RR? (w — wy)? (1 n 322)3 ( )
and using b + ft = ¢ — ¢,,, we obtain
A

(E.25)

r o .
1+ ecosp+ ey, cos(p — o)

This equation suggests that the Mercury perihelion may well be af-
fected by the planet motions.

E.3.1 Numerical Evaluations

Now we calculate the Mercury Perihelion shifts due to the planet
motions such as Jupiter or Venus. In order to do so, we first rewrite
£CoS ¢ + £, cos(p — ¢,,) terms as

ECOS P + £, COS(0 — ) = €1 COS P + cosinp = /3 + 3 cos(p +6) (E.26)

where ¢; and ¢, are defined as

1 = €+ Ey,CoSPy (E.27)

Cy = €SNy, (E.28)
where

cosd = 1 (E.29)

1+ ¢
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Here ¢, is much smaller than ¢ and thus eq.(E.29) becomes

1 2
cosd = £ 1w 08 Pu ~1-—= <€w> sin® 0, (E.30)
\/(E + €4 COS Py )% + (84 8IN Py, )? 2\¢

E.3.2 Average over One Period of Planet Motion

Now we should make the average over one period of planet motion

and therefore we find
1

27 1
— in% @, do, = — E.31
27T/0 sin” iy dpw = 5 (E.31)

Thus, § becomes

2R?
Ew 1 GM 1 <mw) ( _IT%>
\/55_\/55 R?U R(w—ww)2 <1+]%2)%

M
Ruwd ey (L= %)
V2eR (w— w,)? < M) (1+ ;;5)% (E.32)

where the planet orbits are taken to be just the circle, for simplicity.




190 00 E Planet Effects on Mercury Perihelion

E.3.3 Numerical Results

In order to calculate the effects of the planet motions on the §, we
first write the properties of planets in Table 1. Here numbers are
shown in units of the earth.

Table 1

H Mercury ‘ Venus ‘ Mars ‘ Jupiter | Saturn H Earth ‘ Sun

Orbit Radius 0.387 0.723 | 1.524 | 5.203 9.55 1.0
Mass 0.055 0.815 | 0.107 | 317.8 95.2 1.0 | 332946.0

Period 0.241 0.615 | 1.881 | 11.86 29.5 1.0

w 4.15 1.626 | 0.532 | 0.0843 | 0.0339 1.0

In Table 2, we present the calculations of the values ¢ for one hun-
dred years of averaging and the calculations are compared with the
calculated results by Newcomb.

Table 2 The values of § for one hundred years

Planets H Venus ‘ Earth ‘ Mars ‘ Jupiter | Saturn H Sum of Planets
) by eq.(E.32) 49.7 27.4 0.77 32.1 1.14 111.1
0 by Newcomb | 56.8 18.8 | 0.51 31.7 1.5 109.3

As one sees, the agreement between the present calculation and
Newcomb results is surprisingly good [9]. Here we do not review the
calculation of Newcomb for the other planet effects on the Mercury
perihelion shifts, and instead we simply employ his calculated results.

E.3.4 Comparison with Experiments

The observed values of the Mercury perihelion shifts are often
quoted in some of the old textbooks. However, it should be very dif-
ficult to find some reliable numbers of the Mercury perihelion shifts
since these values are determined for 100 years of observation period
in 19 century. In this respect, the comparison between the calculation
and observation should be a homework problem for readers.
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(10 F New Derivation of Dirac
Equation

Here, we should present a novel method to derive the Dirac equation
without making use of the first quantization. It is shown that, from
the local gauge invariance and the Maxwell equation, we can derive
the Lagrangian density of the Dirac field without involving the first
quantization.

F.1 Derivation of Lagrangian Density of Dirac
Field

Dirac derived the Dirac equation by factorizing the dispersion rela-
tion of energy and momentum such that the field equation becomes
the first order in time derivative. Now, we can derive the Lagrangian
density of the Dirac field in an alternative way by making use of the
local gauge invariance and the Maxwell equation as the most funda-

mental principle.

F.1.1 Lagrangian Density for Maxwell Equation

We start from the Lagrangian density of the Maxwell equation
oL pv
L=—gj, A" — 2 F,F (F.1)

where A" is the gauge field, and F),, is the field strength and is given
as

F,, =0,A, — 0,A,. (F.2)
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Here j, denotes the current density of matter field which couples to
the electromagnetic field. From the Lagrange equation, we obtain

OuF™ = g5 (F.3)

which is just the Maxwell equation.

F.1.2 Four Component Spinor

Now, we can derive the kinetic energy term of the fermion La-
grangian density. First, we assume that the Dirac fermion should
have four components

Uy
b - (F.4)

This is based on the observation that electron has spin degree of free-
dom which is two. In addition, there must be positive and negative
energy states since it is a relativistic field, and therefore the fermion
field should have 4 components.

e 16 Independent Components

Now, the matrix elements

POy (F.5)
can be classified into 16 independent Lorentz invariant components
as

P scalar,
VPys1p : pseudo — scalar,
o { Uy 4 component vector, (F.6)
&%751& : 4 component axial — vector,
@aww : 6 component tensor,

where 1) is defined for convenience as

¥ =¥l (F.7)

These properties are determined by mathematics.
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e Shape of Vector Current

From the invariance consideration, the vector current j, must be
written as

Ju = Cobyp (F.8)

where () is a constant. Since we can renormalize the constant C, into
the coupling constant g, we can set without loss of generality

Cp=1. (F.9)

F.2 Shape of Lagrangian Density

By making use of the local gauge invariance of the Lagrangian den-
sity, we see that the following shape of the Lagrangian density can
keep the local gauge invariance

_ _ 1
L = C1d, M — gy p A — 7 F ™ (F.10)

where (] is a constant. At this point, we require that the Lagrangian
density should be invariant under the local gauge transformation

{ Ay — A+ 0ux,
°

, (F.11)
P — ey

where Yy should be an arbitrary function of space and time. In this
case, it is easy to find that the constant ('} must be

Cy =i (F.12)

Here, the constant & should be included implicitly into the constant
(. The determination of i can be done only when we compare cal-
culated results with experiment such as the spectrum of hydrogen
atom.
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F.2.1 Mass Term

The Lagrangian density of eq.(F.10) still lacks the mass term. Since
the mass term must be a Lorentz scalar, it should be described as

Coypt) (F.13)

which is, of course, gauge invariant as well. This constant C; should
be determined again by comparing the calculated results of hydrogen
atom, for example, with experiment. By denoting C, as (—m), we
arrive at the Lagrangian density of a relativistic fermion which couples
with the electromagnetic fields A*

- — _ 1
L = )0,y — gy, p A* — mapyp — 1 FF* (F.14)

which is just the Lagrangian density for the Dirac field interacting
with electromagnetic fields.

F.2.2 First Quantization

It is important to note that, in the procedure of deriving the La-
grangian density of eq.(F.14), we have not made use of the quantiza-
tion condition of

E —1 g p— —iV. (F.15)

ot’

Instead, the first quantization is automatically done by the gauge
condition since the Maxwell equation knows the first quantization
in advance. This indicates that there may be some chance to un-
derstand the first quantization procedure in depth since this method
gives an alternative way of the quantization condition of the energy
and momentum.

F.3 Two Component Spinor

The derivation of the Dirac equation in terms of the local gauge
invariance shows that the current density that can couple to the gauge
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field A* must be rather limited. Here, we discuss a possibility of
finding field equation for the two component spinor. When the field
has only two components,

¢ = ( Z: ) : (F.16)

then we can prove that we cannot make the current j, that couples
with the gauge field A,. This can be easily seen since the matrix
elements

arer (F.17)
can be classified into 4 independent variables as
¢’ . scalar, ¢lopd: 3componentvector. (F.18)

Therefore, there is no chance to make four vector currents which may
couple to the gauge field A,. This way of making the Lagrangian den-
sity indicates that it should be difficult to find a Lagrangian density
of relativistic bosons.
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00 G OUoooooodod
HRERE

Einstein OO0 O0O0OD0O0O0OO g ODODOODODODOODOOOODOOOO
0000 (ds)>? 000 Lorentz 00 0000000000000 O00OOO0
gbbogboboodooobbuooobboobbooobbuoobooaooo
gv oo bhoodoooooobobobobooooooobbobbobood
gbobobobooooobbbbboooouooooobobbuoooooboo
gbooboooobbbuooobobbbooood

G.1 O0O0oog

gbobuodboobodboboobobbobuoobobogbobodn
gboobudbogbogbogbuogbogboobobobobbobobn
gbbodbbootobbooouooobbo4bb0oobboobbuooobo
gobobboooogbbobbogooobbbooooobbboooobon
O0b000ob0o0obo0obo0oobo0ob0obo0obbo0obb0bo0onbod Lorentz
gboboodbbogbbooobboobbuogbbooobobooboooo
gbobbbooooobbbooooobbbboooobobbboooobboo
gboooooggd

G.1.1 Lorentz 00O

000 R(t,z,y,2) 00000000000000000000 vO 200
00000000000000 (S—0) S(t,2,y,7) 0000000000
00000000000000000000 Lorentz 000000000

r=v(" +ot"), t=x <t' + ;w') ., oy=vy, z=2 (G.1)

gboogboboboooobboboooobbobooogbon
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G.1.2 Lorentz 0 00O

Lorentz 000000 0ODOOO0OO0OOOOOO0DOODOODOOOOODOODO
gbobobbooooobbbogooobbbbooooobbboooobobn
00000000000000000 (ds)?

(ds)* = (cdt)” — (dz)* — (dy)* — (dz)*

gbooooogd

G.1.3 Minkowski O [0

00 (ds)> O Minkowski O Lorentz 000000
(ds)? = (cdt)? — (da)? — (dy)? — (d=)? ©2)
0000oooooobo0o0odo0doododd Lorentz 0
v
=~ +ot"), t=x (t’ + 021'/) o oy=vy, z2=2 (G.3)

O0o0bobooboobobooboobobOMinkowski DOODODOOOO
gooo

(ds)* = (cdt)® — (dz)* — (dy)* — (dz)* = g"dx,dx, (G.4)
ooooooooodds”, dr, O
drt = (cdt,dx, dy, dz), dz, = (cdt, —dz, —dy, —dz) (G.5)

gbobobooogbobobooogboon g g

1 0 0 0
0 -1 0 0

p _

9 0 0 -1 0
00 0 -1

goboooobogdgobobuooobboooobooobobog g 0o
00000 (metric tensor) 0000000000000 O0O0OOO0O g™ O
gobobooooboboooobbboooon
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G.2 0000000

(ds)* 0 Lorentz 0 0000000000000 DOODOODOOODOOOO
0000000000000 ooo0oo000 (G4 Oooooooooooood
00000000000000000000000000 (ds)? 000000
gboboboooobbobuooooboboooobooboooon

G.2.1 (ds)* 0000

00 (ds)?00000000000000000000(ds)20000 Lorentz
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