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gbboboooobbbooooboboboooobbbuoooobboooad

gbudgboobobodbuodgbbobobdobooobuodoboobboo
gbobogooogoboobboobbobuoougbbogboboonn
gbogbobubboobodgoobuoobbuoobbodgooooboobn
gboogboobbodgbuogbooboboobuooboooboobboon
gboodgboobboodgbbobboboboobuoboobboobboon
gboogbbogoboobbogbogbboooobooboobobooon
gbobooboboobuobobdodoboobbooboobboobboobn
0000000000000 000000000oooooooooO (ooo)
gbuodgbobobbobobbouodoboobbobobooboobbobon
gboogbboobouobogobougboobbooboobboon
gboogobbboobooboboobboobbboobbooboobn
gbooboooobbbuoooobbodd (I

1.2.2 000000000 (E.O.U.)

O0E.T. (Extra-Terrestrial) 0000000000000 ET.000
gooboobbbbtbbddoooooooooobobboobooooon
0000000000000000 E. O. U. (Extra-Our-Universe) 0O
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obobobobooboobooboobooboboEeET.ODODODOODOO
ooooooboooboooboET. 00000 oobobooobobon
gbobuoogobood
OOO0E.O.U.0000O000DO0O0O0ODOOOODOOObOOObOoOn
gbbogbougbbooobobuoobbogboobbuooooboobn
goodbogbboobbooboobuoobooboobbooboboon
gboodgbbobobodbuoboobobuodbuoobboobboobbobn
O000000oOoOoOoOoOoOOOOOOOOOOOODOOOO (DOoOoOoOo)
gbuogbooobooooobboobboobboouoobooboon
gboboboooobbbuooobbbooooonb O (i

e 0D UODLO « DLOODLDUOLDODLDOODOODDOODOODO
gboogbodbobobobooboboobbooboobobooboonon
gobobobooooobobboooooobbobboobbuoooooobooobo
gogggoobobooobobobobbbiobbbobbbbbbbbbbbboo
goboboooooboboooobobobooooobobboooooboooo
gboogbbogbogbbbobuoobboobuoobbobooboboobn
000000000000 0000000000000O0®U000o00o
gboodgbbobobodobobogobbuogboobbooboobbonon
gboboboooobbboooobbboooobobooon

gboudgboooobuogboobobooboobbbooboobboo
googobbogbobboobobooboobboobooooboonoon
gbobbuoooobboooobobon

e LUUJUUOODLDOD « ODUOOOO0ODLODLDODLOOOOOODOODOOO
gogodooboooooboobobbobobobbobobobbbbobbobbbbbn
gboogbbogbogbbbogbbbuogbbobobuooboooonon
goobooboboobboboobobuoobbobbbooboboonoon
gbboodgbobodgbboobboobboobbodbboobbuodgbo
googbobogbogbbogboobboobuoobboobooooon
gbboboooobbbuooobbboogodd
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1.3 0O00ooooon

gbuodgbobodboobboobobobboobodoboobbod
gboodgboobboobuogbobbooboboobooboobboon
gbogbbodgbobboobuoobbobobooboobbooboobn
gboogbboobobuoobobobobobuooboobbooboobon
oooooooboooboboboooooooooooooooooboobn
gboodgbogoboobboobooobogbuogbooboobboon
gboogboboboooooooboboboooboboboboood
gboogbobogbobboobuoobboboboobbooooboobbo
goooobobooboooooooooooboboboboboobooon
gboogbobodgbobooboouobodboobobooboooboonon
obobboobooboobooboobo

1.3.1 OO0

gboogboooboodgbogbgbogobboobooboobbod
gbogbobuodgbboobuodgbbobobuoobbobobobaboobn
gbobobooogbbboooobbobooogd

e[l : [OOLOOOOLUOOLLDOUOLDUDLLOLDOODLOUOODLOOODO
gboggboobodgbboobbobooobooobooboooob
gouodgbogbboobbooobooboobuogbooboobboon
gbodbogobugboodboobbuoobbooobbooboobn
gbboggbogobuogobuoguobobbogbobobbooboon
gboodgbboobuodbbobobudoboobooobuogbbooobon
gboboboogobbobuooooboboooobooooog

e LU0 « DOODLOOOOOODLOLOOLDDOOOOOODOLOODOOO
gboudbooboobboobboobogbugbooboobboon
goobboguboobooboobboobbooboobooboonoon
gbodgbbobobodbogbiobougboobbooboobbobon
googbboobodbogbboooboobbbooboobbonon
gbouodbogbboobboboboobuoobooboobboobboon
gboogobuogoobooobogbobuoboobooobonoooboonon
gbobobuoooobbbuoobobboooobbbogn
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1.3.2 00O

gbogboobooboobooboobuooboobooboobon
gbobogbobboooobobbodn

e LI : OU0OODOOOOOO0OO0ODLODLDODOOOOOODDOODOOO
goodbobobobooboooogboooboobooboobbonon
OOoboooooboooooooooboobooDo0 MaxwellD DO OO
goobooooooo

gbogoobobuodgbboobugbboobobooboboobbon
goodgbboboobbobobooboobbobobooboobobooon
gboogbobogboobbougbbobobuoobboboobaboonn
goodgbboobodbobbooobodboobbooboobbbonon
gbogoobogbboobuogbboobuoobbobobooooonon
gooboooooobooo

e 0000 : ODOOOOOODOODOOODOODLOOODDOODO
[0 Gedanken Experiment (000 0) 0000000000000 0O0O0OO
gbooboobobobooobobobobobobooboboooood
goodooooooobbobbboooooo

goobooobooooobooboboooooobboobooooobobooboon
goooobbbbbbooobbbooubboooobooooooon
goobobooboboooooobbbobdoooobbobboooooooon
goobbbbodogouobbobbodoouooobbobbobooooon
goobobobobooguooobobooooooooobbboooooon
gogbobbbbboduobubooooooonbbobobbuoooooon
goodooooon
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1.4 0O000OO0O0O0OOOOOO 00000

goggdgbbobobobobobbbbobbbbbbbbbbbbbbbbbon
gboogbbogobobboobuoobobobobooboobobooboobo
gbbogbboobdooboobobodboobboobooboooon
gbobogbboogbogbboobuogboobbooboobboon
odoboobobooboobobobobooooboboboobood
gboogbobuoobbogboobbooboboboobbuobogonn
gooboboboboboooobooboboboboobobooood
gbboboooobbbuooobobbooodd

1.4.1 0O0OO4O4

gbuodgbobooobuodboobboobuoobbooobuooboood
googbboobodbogbbooboboobboobuooobboon
gbogbobuboobdboobobuoobbuobuobbuodgboooobn
gboogbobogboboobogbbodgboobboobobooboboonon
gbouodgbbobobodbuogbboobuobbboobboobbobn
goobudgbboobogogobuogbboobobuobooboooon
gbbboodgbobbboooobbbooooboo

1.4.2 0O0O0O0O0O0

gboogbobogbobbogbooobuoobbooobbooobbon
gboogbobodboobboobbobobooboobbooboobn
gobobooooon

e Galilei 0O : 0000000000 R(t,z,y2) 000000000
000 S¢,«,y,2)000000000000000 000000000
000000000000000000000000000000000 140
m/s] 00000000 ¢=3x108[m/s] 000000000000000
0000000000000~ 00000000000000000000
00000000000000

r=a2+vt', y=9y, 2=2, t=t (1.1)
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O00 Galileil OO ODO00O0O0O0ODOOO0OO0ODOOOOOODOOOOOODOOD
OoobooboobOoboobobooD MaxwellUODODOOOOOOOOOO
OO0b0o0bOo0booooooboboboobobbo0bUGalilei DODOO
goboboooobbobooooon

1.4.3 O0OO0OOOOO

S-0b0db v 0obOobOobobooboboobobobobooboboobgooo
00000000 O0OR-00000 R(t,z,y,2) ODOODOS-0000O
Sit,«',y,2) 0000000000000000000OO00O00O0O0O0O00
googbboobooobooobooboobboobooboobooo
gobbobuooooobboobobobbooooobbobboooooboobo
gboodboobboobboboboobooobuooboobboobobonon
gbbboooobbboooobboboooobbobuoooobn

eJJ0DOOOD : OOOOS-0UO0z-0000000D00O0O0OOOODO
gbooooog

x =y(a +vt), t:7<t’+cv2:c’> . oy=vy, z2=2 (1.2)

0000 |y=—2 OOob0o0ooboooooboO0 MaxwellDODO O S—0

c

OO0 R-0O00000O0O0O0OOOOOODODOODOOOODOObOObObDO
gbboooobbbodgbbbooobbboooobbuodgbib vke
O0D000Galilei DO00OO00OO0OO0ODOOOOOODOOODOOODOODOOO
OO000b000000o0D Galilei DOOO0OOOOOOOOOODOOODOOO
gbooooog

e IDIDIUD gogobobbbobbobobouodgoooooobboboobbo
gooboodnb »,y,z 000 ¢t D0O0O0O0OODOO0OOODOOOODODO
gbobobooooobbboooobbboooobobobobooooboboo
goodbogbboobboobogbuoobooboboobboobboon
gbobobooodgb gbbbooogbbboooobbbbuoooobon
gboogbobogbogbboobobobboobuoobboobooooon
gbogoobodgbboobuogboobobuoobboboouoboonon
gboogobodbobbogobobuooboobboobobooboonon
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gbobbbooooobbbuoooobbboooooboboboooobobooo
gboodbogbboobbooboobuoobouobooboobboon
gbogobuodgbobbodgbobuodobbooboobbuoobobbo

e310D0DO - gboobobobobobooboboboboood
gbobboooobbobooooobboboooobbobboooobooo
000000000000000O0O00000 (Coooooo)oDooOoo
gboogoboobuoobboobobobuobuoouobbogboooonon
goobooooooobobobobobobobobobobobobod
gboodgboobubboboobogboobboobooboobboon
(bobooopooo)ooobooo

gboodgbboodgbogbboobbooboobuooboobboobobon
DDDDDDDDD’S@lDDDD gbobooobbooobboobbd
gbobooobbogbobobbuoobboooboboobbobboaonbn
goodbooboobbooboobuoobouooboobboboboon
gbobobooooboboood

144 0O0O0O0OOOOOOO

gbuodgboobbogbogbogbbobboobuooboobbod

gbooggbboobogboboobuogboobbooboobboon
gboodgbbbuodgbbooboobboobboobooboboobbobn
goobbooogboboobbodgboooboobooboooboooon
gbogbdodboobbobbodgbuodabobobboobboobboon
gooooobooooooobobboobobobooboboboobboobobobbbn
O000000000000000000000 (Relativity)D OO O OQOO
gbouobgdboogbbobobogoboobboobooboobboon
gbbboooobobbbooooobbboooobobbboooobbobo
gboodgboobboobboobogbougbuogbooboobboon
ooobobobobobobobobobobobobooboooood
gboboboooobbbuoogobobuoooobobuoooobobogao
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1.4.5 0O0O0OOOO

gdodoooooooooooog g»ooooooooooooood

Minkowski 0000000000000 OOOOMinkowski OO0OOOO
00000000 [(ds)? = (edt)? — (dz)? — (dy)? — (d2)?| DOODOOOOO
DD(d5)2DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000000D000de* = (edt,dx,dy,dz), dx, = (cdt, —dzx, —dy, —dz) O O
000 (ds)? = (cdt)? — (dx)? — (dy)* — (dz)* = ¢"dx,dx, DOOO00DO0
gooooooooooog g»id

1 0 0 0
0O -1 0 0 ] .
gt = 0 0 1 0 0000000 Minkowski O OOQOQOOO

0 0 0 -1

e D DOOOOODO - ggbbooboooobbboooobboooobn
O000000ooooooooooo g™ =g*(t,x,y,2) D0000O0O0ODO
gbboboooobbbooogbbbuoooooobobboooon

gv DoOouoodbobbd = bouoogbbbuoooobbodao

0000000 ((@O)0000000000000 RicciDOOOOOODO
gboogbooboboboobouogbboobuogbog g bboon
gboogobooboobobooboobboobbobbbooboboonoon
gooobobobbobo g ogooooooooobbbobooon
goog gwdbogoboboobuogobbonobooboobbonon
OO00O00oo0ooOoD ¢w0O Minkowski DODOO0OO0OODOOOODOOOO
gboogobodbooobobooobooboboobbooobooooo
gboboboooobbboaoobon

eJ00ID0DODOOD: 0OUDUDODOODDOODOUODODOOOO (twy,2)
googbbobobodgbogbbbbuogboobboobooboboon
gbogbobuoguboobbobuoobbuoobbooboobbobbn
gboodbogbboobboobogobogbuogbooboobboon
gbbogboudgbboobuogbobbuoobboobuoobboobbn
gbboboogoboboooobbooodan
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e IO UUDOODLDOODLOUODL -« DObOLOODLOODLDOObOOODO
gobooboobbodogooobobbooooobooboobooooooboobo
gboogbobodgbbogbbdooboobbooboobbooboobn
goodbogboobbbobobooboobuoobboobboobboon
gobuodgbbbobbodbbogboooboooboooboooboo

e 0UUODODOOODODO - 00000000 (OO0O0)000oooood
gobbodbogbobogboooboobbooobuooboboooboon
googoobooobbbbobbbbbbbbbbbobobobbbbobbbn
gboogoobodoboobuoobobooboboobooobooboboonoon
gouodbogobogbbobboobogbuoboobboobboon
gbooboooobbboooboboboooobbobuooooboon

1.4.6 O0OOOOOOOO

00000000 0d0dddddddddddddoooooooooon
000000000000 000bOo0o0oooOO0. o0boooooooooon
0000000000000 0000C0O00O000000. 000 ¢,0000
Poisson OO0 O 00O

V3¢, = 4rGop
goodooooon
g ~ 1+ 24,

gboogbobogbodgbobboobobooboobobooboboobon
O000000 ¢,0000 Poisson DOODOOO0O0O0O0O0OOO0O0O0O0O
oo oooooobbobbbobbn
gobodgbbbudbboobbdodgbooboboobboobboobbobn
gboboboogoboboboooobon

gboogoboodgbo g obbuodgbuoobooboobboobbod
p, U000 ooooooooooobooooooobobobobooooooon
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDgOO:1—2¢g
gogdggoogggogooobobbobobobobbbbbbbbbobbo
gbbboggbbbooobobboobobbooobbbuooobbbood
gbooboooooobooo
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1.4.7 Maxwell 00 0O Einstein [ O 0O

Einstem OOODOOODOOOOOCOO0OOOOOOOOO0ODOMaxwell
0000000000000 O00Oo0oooooogooooooooooooo
OO00O0MaxwellOO OO Einstein OO OO

0, (0rAY —OVA*) = ej” (Maxwell 0 0 0) (1.3)
1

R“”—ig“”R = 8nGyT" (Einstein000) (1.4)
O00D00000MaxwellOOOODODOODOODODOODOO A*DOOO
0000000000000 D00000D0Einstein0 000000 Ricei O
000 (R )0O0D0D0D0D000000000000 Riecci OOOODODOOO
god g 0bboguoobbuoooooooboboooooobon
g D0 ooooouguuboobobbbobogooooobbbobooon

Oo(y#0 ™) 0D0000O00O0000O000O0OOODOO0O0OOOO0O0OO

e Maxwell O ODOOODOODODOO g+
OO00OMaxwelllOODO0DO0OOOOODOODOOOODOOODOOOOOO g#
O0000bobooobobobooooooooooooooooooon
ooobobodobooobobooboboooobboboboboooooo
OO0o0O0og A+DO0od

O00O00000OOO0oO00DODbOO y»0000000DbOO000O0DODbOOg
O0O000o0o0oo0oooboboboboobooooooooooooooon
O000b00OO000O0bOO0oDOO0ooDOoooobOOoDoO y#O0000DO0ODOODO0O
0000000000000 DbO000DO DiracOOOOOODOODODOO
DiracUOD0DO0O0O0O0O0DODOO0ODODODOOO0ODODOOOODDODOOOODOO
O000000O0000o0oob00b0obooooooboboooog DiracO
000 Schrodinger 000000000000 ODOOOO Schrodinger [
Oo0oooobooobo y»000b00b000bOob0o0booobobOooon
000000000000 00D00o0o0o0o0bO0obOobOooDOoooDOooon
OO0000dbobOobOobOoobobooooooooooooooooooo
O0O00o00oooooooo
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e Einstein 00D O0OO00OOOOOODOOOOODO :

O0O0OEinstein 000000000 OOOO0ODOODOOODOOODOOOOO
gbobboooboobbuoobbooobuobbooboooboonn
googbog bbb ooug g obbgobuogbon
gboobogbuodgbboobuogbbooobboobobuooboobonn
gbboggbbooobbbuooobbbooobobbuooobbooon
Einstein 000000000 0OO0OODOOOOO

e IO DOODOOODOOODO -

OO00OD00O0OD00O0 Einstein OO0 O00D00O0O0O0O0OOOOOODOOODOO
ggoboobobobobooboboboboboboboboooood
OOo0o00o0o0ob0obobOoboboooooooooonog DiracOooQd
gboboobooboboobobooboooobooboboboobon
0000000000000 000oDooo0ooD (bocoooooooon)
gboboogobboooobbooobobbooobboooobobooon
Einstein 0000000000000 0ODOOO0OOOOODOOOOOOODOO
gooooobooobobobobobobbbbbbbobbobobobobobobobbobbn
gooo

e U0 DDOOOODDODOOO -
goodbogbboobbooboboobogbuogbooboobboon
goggooobooobobobobobbbbobbbbobbbobobbbbbbbn
gogogoooooooboobobboboobbbobbbbbbbobbbbn
OO000OD00O0OO0OOEiInstein OO00000000D0O0OO00O0OOODOODOOO
gbobobboobudgbboobuoobboobuoobboobobooon
Einstein 0000000000000 O0OOOOOOOOOOO
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1.5 000000

gbodboobbobbooboooboobuooboobbobbod
gboogboboobboobuogbbodboobobobuoobooboonon
gbogbobuodbboobuoobbbdboobboobboboobon
gboodgbboobuodobogbboobuooboobbouoboboboon
gooooooooooooboobooooboobobobbboobobood
gboogbbobobuooobooobouoboobbooboobboon
gooooboobobooooooooboobobobobobobboood
gboogbbogbogbbbobuoooobooboobobooboboonon
gooooooobobobobobobbobobobobobobobn
gbouodbogboobbobboobuougbougbooboobboon
oboobobobobooboboboboboobooboooobobo
gobodbuogbogbbobboobuogbuoobooboobboon
oooboooooooboboboboboooboboboooooood
gboogbbboobuooobboobuooboobbooboobbonon
obobbooboobooboobooboobobboboboobn

1.5.1 OOO0OOOO0ooood

gbhogbbodbogodgbogobuogbboobooboobobon
goooobobbobobbbbbbbbbbbbbbbbbbbbbobbbo
gbogbogbobuodgbboobuoobboobuoobbooboobbo
00000000 ((MO000000000000000O0O0O0O0O0)o0OO
gboodbogbboobbooboboobogbuogbooboobboon
O000 (QED)D0000D0DQEDIDOODODOODOODODODODOOOOD
gboboboogoobbbuoooobbbuooooboboooonboon

e 00 : 0O0QEDOODODUODODODODODODODODODO
gbogbobuogboobuoboboouoobobuodgbbodooboobn
gouodbogbboobboobboobuogbuogboobboobboon
gboudgbogoboobbobobogbuobooboobbobobboon
goodgbobuodgbogbboboboobogbuogbooboobboon
gboodgbbbodobuogboobobodbuoobboooboobbobn
gboggbobbuoooobbbooobboboooobbbao
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1.5.2 O0O0O0OO0OOO0OO0OO0O0O00

goodboobogbooogbuogbooboobbobboobon
gboooogbbbudgbiobdodgboobbooboobobuooboobn
goodbogbboobbbobobooboobuooboobboobboon
gbogboboooobuoobboobuoobbuoobooobuoobbob
gobobbooooobobbogoobboboooooboboboooooooo
gbodgbbbobboobuogboobobboobooboobbobn
gobobooooobboboogoobobooooobobboooooooo
gbooogogn

e JUIDUOD « OOOLDLOODLDDOODLOODLOODLOODLDOODO
gboogobodbooboboogobbobooboobobooboboonon
gbogbobuogodgbooobuoobbuoobboobooubboonn
googbobboboboobuogobooobboobooboobbooon
gboogbobuodgobbuogobbogboobbuoobobobooboibn
gbobggbogoboobodobboobboobboobobbooon
OO00O0000000o0o00o000O00dOd Lagrangian OO0 000000
O0oooboooobooboooobooooooooooodnod Lagrangian
gboogobuoobbouooobuoobbuodobboobooubooonn
00 Lagrangian 0000000000 0OO0OOO0OOOOODOOODOOO
gbuodgbobobbodbuoogboboobboobuooboobbobon
gboogbbbooboobooobuodboobboooboobbonoon
gboogbdoboobobuooboobobbuoobuobboobuoobobobn
googoobooooobbobobbbobbobbobobboboobbbbobbbn
gboogbbodgbogbbbuogbboobobuooboobbuooboonn
goudbuogbogbogbboboboobobobbobboboboon
gbuodgbbogdboobbodgbuoobbooboobboobuoobo

e LUUJUUODODOD « UOOO0OOO0ODLOLOODDOOOOOODDODOOO
goobodbboobogobuobooboobbooobuogbbooboon
OOoboooboobooboooboooQeEDUOOOOOODOODOOODOoODO
O0O00b00 LegOOUOOOoOoobOoOobOoobooboboobboobOon
gbouodgboboobbooboobuodgboobboobooboobbobon
googbobbooboobbooobodboobboooboobbooon
gbodbogboobooboobogbuoobooboobooboon
000000000000000O0O00000Oo (coooo)0oooooo
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gbogobobugbbuoobooboobbuoobobbooooboo

e DiracU0I : [OUO0OOD0OOOODOODOODOODOODOODOOOODOODO
gooooobooobobobobobobbbbbbbobbobobobobbobobbobbn
OO00bo0oobooobooobooobboobooODiracO0dnoooooOonQ
googgbogbogbboobooboobuoobboobboobbooon
OOoboobooooobobooooboooobooboooonD Arpo OO
00 (Co0oO0o0o0o0O0O000)0000O0O0O0O0O0000D0OoOoooOOD
gboogbobogbogbbbuogbbbodgboboobobooboboobn
googbbobobooobbooobodbobobobooboobbonoon
gboogbbogboobbboboobboobuooobobooboboonon
goodboogbogboobboboboobobobbobbobobooon
gbobobooggd

1.5.3 U00dooboooooooon

obboobooobbooobboooobboooboooobobbo
obobooobooboooobobobuoboobobb0by LegO O
gobobboooboobobobobobuoooooboobobboood
oooooooooooobooboobboboboboboboboboobo
obobooboobod

e LIUUUO « DOOOLOOOOOOO0ODLOOLDOOOOOOODDODOOO
goddddoooooooogoooobooooooobboobbbbn
gddootoooooooooooobbbbbbbbbbbbbobbb
googooboooooboobobboboobbobobobooboobboobobobbbn
Lagrangian 0000000000000 0OO0OO0O0O0O0OOOOOOO0OO
gboogbboobuodbogbobogoboobbooboobboon
gbodgbbodgboobbdobodgbobooboobbbooboobn
gboboboooobboooobobod

e UIDUODLDDO « DLDOOODLDOODLOODLOODLOODLDOOODO
gogbobobooodgboobbuodoboooboobbooboobn
goobudbbooobuogobodgbobooboobooobbogoboon
gbouodbooboobbobboobuooboobbboobboobboon
gboogbbobobodoobogoobuogboobbooboobboon
gboguboboobbuoobbuoobboobobbooboboobn
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gboogbboobuodgbogboobobooobboobubooboboon
googbooogbogbbobobooboobuogboobboobboon
gboodgbbooobuogbboobobodbuoobboooboobbonon
gboogbbbogoobbboooobobboooobobboooobon

e [U0ID : DOOOODOODLUODLOODLDDOODLOODLObOOLODO
gboodgbbobobodboobboobuoobbooobuooboboon
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[0 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

Vi) = 5y (4 (1)

2mc? T

where

—6 for General Relativit
g :{ v (D.2)

1 for New Gravity

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

do % 2 T T2 pe

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

dr 7 2\/QmE 2ma 1 q (Gn:M)Q' (D.3)

rection appears in cos ¢ term and is written as
Ag
(D.4)
1+ ecos (%gp)
where A, and L, are given as

12 G2M2m2 1
Agzigmw ng\/€2+qmzﬁ 1+n2€(1+2n>- (D.5)

c2

T =
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Here, the 7 is defined as

B qGQMQ
= c2 R4w?

(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) = 7% 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

L 1
oS <;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 x = rcosp, y = rsiny. In fact,
cos(p + %ngo) term becomes

1 x 1 1

cos(p + 577(@) = —Cos 1K — % sin 7% (D.8)

and there is no way to transform the cos %ngp term into x, y coordi-
nates 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 ¢ =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

perihelion 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

dr f_TQ\/QmE 2ma 1 ¢ <GmM>2
dg i

02 2y 2 2c2
2mE 2ma 1

= r2/1 - —. D.12

* \/62 1+mn) 62(1 +n)r 1 (D-12)

Therefore, we can rewrite the above equation as

dr
V1+nde = o E — = (D.13)

P T By

r

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 an approximation as

1+ ndp ~de. (D.14)

The reason why we should make this approximation is because we
should consider the dynamical effect as the perturbation while the
n in the right hand side of eq.(DD.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 N 2ma 1
dp C(1+n)  C1+nr r?

which gives the right orbit solution. Now the orbit is closed, and

(D.15)

the solution can be written as

Ay
p— D.].
1+ecosep (D-16)
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where A, is given as
62

Ag = G]Wm2<

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 perihe-
lion 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

AQ

0 —
1+ecosp

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

dr’ 1 2mE 2ma 1
— = —p(r)? — D.1
d 210 \/e?(l s R T s SO R ROIE (D-18)

where the right side depends only on ¢. Here, we should make a
rough estimation and only consider the case in which the eccentric-
ity ¢ 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. There-
fore, the higher order correction of r’ should be proportional to the
eccentricity ¢ and can be written as

r' ~ ConeA, (D.19)

where Cj 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
additional potential of the general relativity. The gravitational po-
tential together with the additional potential from the general rela-
tivity is given as

GM 3 /GmM\?
Vir) = 224 2(m ) (D.20)
r mc r
Therefore the Newton equation becomes
GmM L
= — — D.21
mr 72 + mr3 ( )
where L? is defined as
6G2M?*m?
2 _ g2

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

A
r=—2392 (D.23)
1+ecosep
where A, is given as
L2
A, = g . D.24
7 GMm? (D-24)

Therefore, the period 7" can be determined when we integrate ¢ =

—_ over the orbit period as
mr

: /Tdt /2” 24p = A2 /27r S (D.25)
_— = T = .
m Jo Jo v 9 Jo (1+gcosgp)2 v

which can be calculated to be
wT =27m(1 — 27). (D.26)

In this case, the correction AT to the period can be written as

(ATT>GR ~ 2. (D.27)
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D.3.1 Earth Revolution Period

For the earth revolution around the sun, the correction to the
period T 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
imagination 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 standard 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-
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fore, it is simply impossible to measure the graviton. This is well
known to physicists and therefore, generally, any physics text books
do not make the explanation of the gravitational wave.
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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
— ) ~2x10"" D.30
() (D30
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

GmM 1 (GmM)2 (D31)

r 2mc? r

where the second term is the additional potential [3]. Here, G and
¢ 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



D.5. Predictions of New Gravity Model 187

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)
where 7 is given as
G*M?

Here, R is the average radius of the earth orbit. The angular velocity
w is related to the period T by

2
= —. D.34
= (D.34)

The period shift due to the additional potential becomes

AT
—9 D.
T n (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=1.49 x 10" m, M =1.989 x 10*® kg, w=1.991x10"". (D.36)

In this case, the period shift becomes

AT
=27~ 1.981 107® (D.37)

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

which is a delay. This suggests that the corrections must be neces-

sary in terms of the leap second.

e Leap Second :
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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

ATRY ~0.625 4 0.013 [s/year] (D.39)

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 5, GmM 1 .9 Gmy,M  Gmm,,
L =_mr®+ + My Ty + +
2 r 2 T'w |r — 7y

(E.1)

where (m, r) and (m,, 7,) 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 gravi-
tational force from the sun.



190 00 E Planet Effects on Mercury Perihelion

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

Gm,M
L = 5m(7"2—|—r2gb2)—|— m

Ty

1
+ 5mu(r” + e’ +
Gmmy,

\/r2 + 12, — 211y cos(p — gow)'

+ (E.2)

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

GmM B Gmmy, (1 — 1y, cos(p — Yu))

r2 (r2 412 — 2rry, cos(v — Yu))
GmM w i ~ rw
—(mrig) = — m M7y Snlp — fu) Z (4
(r2 412 — 2rry, cos(p — pu))?
“ o GmuM  Gmmy(ry — 1 cos(o — py))
MyTw = MyTyP — 2 N
2 (7.2 + 70120 — 2171y COS((P - Spw))

(E.3)

mr = mr¢2— 3
3

E.5)

NI~

d Mrry sin{ew =
—(murh®) = — Gma Mrry sin(py = ¢)) 7 (E-6)
I (TQ + 7“120 — 2171y COS(QD - @w))g

E.1.2 The Motion of Mercury

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

GmM
mit = mrg?® — mz (E.7)
r
< (mr*g) = 0 (B3
o mr-p) = 0. .
Here, the solution of the orbit trajectory is given as
A
r=-— (E.9)
1+ecosep
where A and ¢ are written as
0? NG
A=—, e=4/1+ with a=GMm (E.10)

mo mao?
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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

7? GM Gy (1 — 1y cos( — u))

- 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, Ry, (R2 — 2R?)

F(z)=— + T4 E.14

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

P = + 2 (2, ) cos(p — u) (E.15)

= m2,r3 - T2 <R2+R,%U)g

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

o = 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 + (Rt R2) cos(b + (t) (E.18)

where b,  can be given as

E.2.3 Particular Solution

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

GmyRy(R2 — 2R?)
(R? + R2)3

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

where 7(*) denotes the Kepler solution of (¥ = - +eéosw’ Now we insert

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

1
K = 3 (E.21)
Therefore, we obtain the approximate solution as
2 _ op2
r=r®_— G oy (R, = 21 cos(b + (t) (E.22)

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

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

A 2 2
r o= _ Gmulu(R, - 2/) cos(b + ft)
1 +ecosp (R? 4+ R2)3 3
A

12

E.23)
G R (R%,—2R2) (
1+ ecosp+ R 1) (wn)? cos(b + ft)

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

2R?
ey = —— G () (E.24)
Y7 RR2(w — wy,)? 2\ 3 '
B P+ g)
and using b+ 8t = ¢ — ¢, we obtain
A
(E.25)

r o :
14 ecos @ + gy cos( — @u)

This equation suggests that the Mercury perihelion may well be
affected 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
£C0oS p + €, cos(p — ) terms as

ECOS P + €4, COS( — ) = €1 COS P + cosinp = /3 + 3 cos(p + ) (E.26)

where ¢; and ¢y, are defined as

€1 = €+ £, COS Yy (E.27)

Co = &y Sin g, (E.28)
where

cosd = 1 (E.29)
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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

21 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+%22)g

M
Ruwd ey (1= %)
V2eR (w— wy,)? < M) (1+ 522)% (E:32)

where the planet orbits are taken to be just the circle, for simplicity.
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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
hundred 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 Mer-
cury 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
difficult to find some reliable numbers of the Mercury perihelion
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shifts since these values are determined for 100 years of observa-
tion 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 re-
lation of energy and momentum such that the field equation be-
comes the first order in time derivative. Now, we can derive the
Lagrangian density of the Dirac field in an alternative way by mak-
ing use of the local gauge invariance and the Maxwell equation as

the most fundamental principle.

F.1.1 Lagrangian Density for Maxwell Equation
We start from the Lagrangian density of the Maxwell equation
: 1 y
L=—gj, A" — ZFWFM (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

U
Y= (F.4)

This is based on the observation that electron has spin degree of
freedom which is two. In addition, there must be positive and neg-
ative 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

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

U scalar,
VY51 pseudo — scalar,
o Yy 4 component vector, (F.6)
&mﬁﬁb : 4 component axial — vector,
@au,ﬂﬂ : 6 component tensor,
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where 1) is defined for convenience as
)= W%- (F.7)

These properties are determined by mathematics.

e Shape of Vector Current

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

ju = CO@VMP (F8>

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

Cy = 1. (F.9)

F.2 Shape of Lagrangian Density

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

_ - 1
L = Cipo'y — gy, AF — 1 F,F" (F.10)

where (] is a constant. At this point, we require that the Lagrangian

density should be invariant under the local gauge transformation
A, — A+ 0.,
°
Y — emioxy

(F.11)

where y 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
Ci. The determination of h can be done only when we compare
calculated 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

Copy) (F.13)

which is, of course, gauge invariant as well. This constant C; should
be determined again by comparing the calculated results of hydro-
gen 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* — mapp — 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
Lagrangian density of eq.(F.14), we have not made use of the quan-
tization condition of

E—>i§t, p— —iV. (F.15)
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 under-
stand 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
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gauge 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
o' 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
density indicates that it should be difficult to find a Lagrangian
density of relativistic bosons.
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