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Geodesic	equation	general	relativity

For	a	broader	coverage	of	this	topic,	see	GeoDesics.	General	relativity	g	Î	±	Â¼	Î	±	Â½	+	Ãž>	G	Î¼Â¼	ÃŽÂ½	=	8	Ã¯	â,¬	GC	4	T	Î¼Â¼	Ã®	{DisplayStyle	G	_	{MU	u}	+	Lambda	G	_	{MU	U}	=	{8	g	Single	Bar	Black	Spacetime	Diagrams	Stipietime	Beach	"Rosen	Bridge	Equationsformalisms	Equations	Equations	GeoDesics	Einstein	Equations
Friedmann	GeoDesics	MathissonÃ	¢	â,¬"	Dixon	HamiltonÃ	¢	â,¬	"JacobiÃ	¢	â,¬"	Einstein	Formalisms	Adm	BSSN	Post-Newtonian	Advanced	Theory	KaluzaÃ	¢	â,¬	"Klein	Theory	Quantum	Gravity	Solutions	Schwarzschild	(Interior)	Reissner	¢	â,¬"	NordstrÃƒ	Â¶m	GÃƒÂ¶del	Kerr	KerrÃ	¢	â,¬	"Newman	Kasner	LemaÃƒÂ®reÃ	¢	â,¬"	Tolman	Taub-dado
Milne	RobertetsonÃ	¢	â,¬	"Walker	pp-wave	van	Stockol	powder	powder	weylÃ	¢	'LewisÃ,	'Papapetrou	scientists	Einstein	Lorentz	Hilbert	PoincarÃ	©	S	Schwarzschild	de	Set	Reissner	NorthstrÃƒÂ¶m	Weyl	Eddington	Friedman	Milne	Zwicky	LemaÃƒÂ®Tre	GÃƒÂ¶el	Wheeler	Robertson	Bardeen	Walker	Kerr	Chandrasekhar	Ehlers	Penrose	Hawking
Raychaudhuri	Taylor	Hulse	Van	Stockum	Taub	Newman	Yau	Thorne	Other	ã,	portal	portal	Ã	¢	Category	in	general	relativity,	a	geodesic	generalizes	the	notion	of	a	"straight	line"	to	the	curved	space-time.	It	is	important	to	emphasize	that	the	world	line	of	a	particle	free	from	all	external	forces,	non-gravitational	is	a	particular	type	of	geodesica.	In
other	words,	a	particle	freely	moving	or	falling	always	moves	along	a	geodesic.	In	general	relativity,	gravity	can	be	considered	as	not	a	force	but	a	consequence	of	a	curved	spacetma	geometry	in	which	the	source	of	curvature	is	stress	-	energy	tensor	of	stress	(which	represents	the	subject,	for	example).	Therefore,	for	example,	the	path	of	an	orbiting
planet	from	a	star	is	the	projection	of	a	geodecal	of	the	spacetime	curve	geometry	of	four	dimensional	(4	d)	around	the	star	on	a	three-dimensional	space	(3D).	Mathematical	expression	The	complete	geodetic	equation	is	D	2	X	Î	±	DS	2	+	Ãž	"Î¼Â¼	Î	±	Î	±	Î²	dx	Î	±	±	Â	±	DSDX	Î²	DS	=	0	Ã,	{DisplayStyle	{D	^	{2}	x	^	{	Mu}	over	ds	^	{2}}	+	gamma
^	{mu}	{}	_	{alpha}	{dx	{alfa}}	{ds}	{dx	^	{beta}	over	ds}	=	0}	where	it	is	a	scalar	movement	parameter	(for	example	the	correct	time),	and	Ã¯	Ã¯	Â¼	Ãž	±	Â	â²	{displaystyle	range	^	{mu}	{}	_	{alpha	beta}	}	These	are	Christoffel	symbols	(sometimes	called	the	related	connection	coefficients	or	the	Civita	Civita	connection	coefficients)
symmetrical	in	the	two	lower	indices.	Greek	indices	can	take	values:	0,	1,	2,	3	and	the	added	convention	is	used	For	repeated	indexes	Ãž	Â	±	{DisplayStyle	alfa}	and	Î²	{DisplayStyle	beta}.	The	quantity	on	the	left	side	of	this	equation	is	the	acceleration	of	a	particle,	so	this	equation	is	similar	to	the	laws	of	movement	of	Newton,	which	supplies	the
same	formulas	for	the	acceleration	of	a	particle.	Q	The	movement	equation	employs	the	Einstein	notation,	which	means	that	repeated	indexes	are	added	(ie	from	zero	to	three).	The	Christoffel	symbols	are	functions	of	the	four	Space-Time	Coordinates	and	therefore	are	independent	of	speed	or	acceleration	or	other	characteristics	of	a	test	particle
whose	movement	is	described	by	the	geodetic	equation.	Equivalent	mathematical	expression	that	uses	the	coordinated	time	as	a	parameter	so	far	the	geodetic	equation	of	the	movement	has	been	written	in	terms	of	a	scalar	parameter.	Alternatively	it	can	be	written	in	terms	of	time	coordinate,	t	Ã	¢	â	€	Â¡x	0	{displaystyle	t	is	x	^	{0}}	(here	we	used
the	triple	bars	to	mean	a	definition).	The	geodetic	equation	of	the	movement	then	becomes:	D	2	x	Î	±	D	T	2	=	Ã,	'Ãž	Î	±	±	Î	±	Î	±	±	Î²	d	X	Î	±	±	±	d	X	DT	+	Â	±	DTDX	Î²	DT	+	Î	±	"0	Î	±	Î	±	Î²	D	X	Î	±	±	±	d	x	Î²	DTDX	Ã®	DT	Ã	¢.	{DisplayStyle	{d	^	{2}	x	^	{mu}}	=	-	gamma	^	{mu}	{}	_	{alpha}	{dx	^	{alfa}}	over	dt}	{dx	^	{beta}	^}	dt}	+	range	^
{0}	{}	_	{	alpha}	{dx	^	{alfa}}}	over	dt}	{dx	^	{beta}	over	dt}	{dx	^	{mu}	over	dt}}	this	formulation	of	the	geodetic	geodetic	equation	The	movement	can	be	useful	for	computer	calculations	and	compare	the	general	relativity	with	Newtonian	gravity.	[1]	It	is	straightforward	to	derive	this	form	of	the	equation	of	the	geodesic	motion	from	the
module	that	uses	the	corrected	time	as	a	parameter	using	the	chain	rule.	Note	that	both	sides	of	this	last	equation	vanish	when	the	MU	index	is	set	to	zero.	If	the	speed	of	the	particle	is	small	enough,	then	the	geodesic	equation	boils	down	to	this:	D	2	2	=	xn	DT	Ã	'Ã	"n	00.	{\	displaystyle	{d	^	{2}	x	^	{n}}	=	dt	^	{2}}	=	-	\	gamma	^	{n}	_	{}	{00}
{00}	{_}}}	here	the	Latin	index	n	takes	the	values	​​[1.2,	3].	This	equation	simply	means	that	all	test	particles	in	a	particular	place	and	time	will	have	the	same	acceleration,	which	is	a	known	characteristic	of	Newtonian	gravity.	for	example,	everything	that	floats	in	the	international	space	station	undergo	approximately	the	same	acceleration	due	to
gravity.	Deriving	directly	from	the	physical	principle	of	equivalence	Steven	Weinberg	filed	a	geodesic	equation	derivation	of	the	movement	directly	from	the	principle	of	equivalence.	[2]	the	first	step	in	this	derivation	is	to	assume	that	a	free-falling	particle	will	not	accelerate	in	the	neighborhood	a	point-event	about	a	fall	coordinate	system	liber	a	(x
Î¼Â¼	{\	displaystyle	x	^	{\	mu}}).	Setting	T	Ã	¢	Â¡x	0	{\	displaystyle	T	\	Equiv	X	^	{0}},	we	have	the	following	equation	which	is	applied	locally	in	a	free	fall:	D	2	x	Î¼D	T	2	=	0	{\	displaystyle	{d	^	{2}	x	^	{\	mu}}	over	dt	^	{2}}}	=	0.	the	next	step	is	to	use	the	rule	of	multidimensional	chain.	We	have:	D	x	Î¼	dt	=	dx	dt	Î	±	½	Ã	¢,	Ã	¼	Î¼	x,	x	Î	±	½
{\	displaystyle	{dx	^	{\	mu}	{dt}	=	{{u}	^	dx	\	over	dt}	{	\	partial	x	^	{\	mu}	\	over	\	over	\	partial	x	^	{u}}}	yet	differentiating	once	with	respect	to	the	time,	we	have:	D	Î¼	2	x	dt	2	=	D	2	x	dt	2	Ã	¢	Ã®Â½	,	x	Î	±	Ã,	Ã	½	x	+	½	DT	DX	DX	Ã	Ã	Â	±	Ã	¢	DT,	2	x	¼	Ã	¢,	Ã	¢	½	A®	x,	x	Î	±	Â	±	{\	displaystyle	{d	^	{2}	x	^	{\	MU}}	over	DT	^	{2}}	=	{d	^
{2}	x	^	{u}}	over	dt	^	{2}}	{\	partial	x	^	{\	mu}	\	over	\	partial	x	^	{u}}	+	{dx	^	{u}	\	over	dt}	{dx	^	{\	alpha}}	over	dt}	{\	partial	^	{2}	x	^	{\	mu}	\	over	\	partial	x	^	{u}	\	partial	x	^	{u}	\	partial	x	^	{\	alpha}}}	Therefore:	d	2	x	½	d	A®	2	Ã	¢,	Ã	¢	¼	x,	x	=	½	Ã	Ã	¢	'dx	dx	A®	½	Î	±	Î	±	T	Ã	¢,	2	x	¼	Î¼,	Ã®Â½	Ã	¢	x,	x	Î	±	Â	±	{\	displaystyle	{d	^
{2}	x	^	{u}}}	over	dt	^	{2}}	{\	partial	x	^	{\	mu}	\	over	\	partial	x	^	{u}}	=	-	{dx	^	{u}	\	over	dt}	{dx	^	{\	alpha}}	over	dt}	{\	partial	^	{2}	x	^	{\	mu	}	\	over	\	partial	x	^	{u}	\	partial	x	^	{u}	\	partial	x	^	{\	alpha}}}	moltip	licare	both	sides	of	this	last	equation	by	the	following	quantities:	Ã,	x	Ã	Â	»Ã	¢,	x	Î¼	{\	displaystyle	{\	partial	x	^	{\
Lambda}	\	over	\	partial	x	^	{\	mu}}}	of	accordingly,	we	have	th	is:	D	2	x	Ã	Â	»DT	2	=	Ã	'Ã	½	DT	DX	DX	Î	±	T	[Ã,	2	x	¼	Ã	¢,	Ã	½	Ã	¢	x,	x	Î	±	Â	±	Ã	¢,	XA	»Â»	Ã	¼	X].	{\	Displaystyle	{d	^	{2}	x	^	{\	Lambda}}	over	dt	^	{2}}	=	-	{DX	^	{U}}	Over	DT}	{DX	^	{\	ALPHA}}	Over	DT}	\	Left	[{	\	partial	^	{2}	x	^	{\	mu}	\	over	\	partial	x	^	{u}	\	partial	x	^
{\	alpha}}	{\	alpha}}	{\	partial	x	^	{\	Lambda}}	over	\	partial	x	^	{\	mu}}	\	right].}	using	(#	Christoffel	symbols	of	the	transformation	law	in	exchange	for	variable	and	the	fact	that	the	Christoffel	symbols	vanish	in	an	inertial	frame	of	reference)	Ã	"Ã	Â"	Ã	Î	½	=	±	[Ã,	2	x	¼	Î¼,	x	Ã	®	Ã	¢,	x	Î	±	Â	±	Ã	¢,	x	Ã	¢	Â	»Ã	¢,	x	Î¼S]	{\	displaystyle	\	gamma	^	{\
Lambda}	{}	_	{u	\	alpha}	=	\	left	[{\	partial	^	{2}	x	^	{\	mu}	\	over	\	partial	x	^	{u}	\	partial	x	^	{\	alpha}}	{\	alpha}}	{\	partial	x	^	{\	Lambda}}	over	\	partial	x	^	{\	mu}}	\	right]}	becomes	2	x	d	Ã	Â	»DT	2	=	Ã	'Ã	Â»	Ã	Â	½	Î	±	±	±	Î	Â	»Ã	½	DT	DX	DX	Î	±	T.	{\	displaystyle	{d	^	{2}	x	^	{\	lambda}	^	{\	lambda}}	=	-	\	gamma	_	{u	\	alpha}	^	{\
lambda}	{dx	^	{u}	\	over	dt}	{dx	^	{\	alpha}	\	over	dt}.}	Application	of	the	rule	of	chain	monomarica	gives	d	2	x	Ã	Â	»DT	2	(DTD	T)	2	+	DX	Ã	Â»	DTD	2	TD	=	T	2	Ã	'Ã	Â	»Ã	½	Î	±	Â	±	Ã	Â»	Î±Â½	DTDX	Î±	DT	(DTD	T)	2.	{\	displaystyle	{d	^	{2}	x	^	{\	Lambda}}	\	over	dt	^	{2}}	\	sinistra	({\	frac	{dt}	{dt}}	\	destra)	^	{2}	+	{dx	^	{\	Lambda	}	\	over
dt}	{\	frac	{d	^	{2}	T}	{DT	^	{2}}}	=	-	\	Gamma	_	{U	\	ALPHA}	^	{\	LAMBDA}	{DX	^	{U}	Â©	DT}	{	DX	^	{\	ALPHA}}}	DT}	\	SINISTRA	({\	FRAC	{DT}	{DT}}	\	DESTRA)	^	{2}.}	D	2	X	Ã​	Â»DT	2	+	DX	Ã​Â»	DTD	2	TD	T	2	(D	T	DT)	2	=	Ã​	'Â«Â»	Î±	Î±	Â»Î±Â»	DX	Ã​	Â½	DTDX	Î±	DT.	{\	Displaystyle	{d	^	{2}	x	^	{\	Lambda}	\	over	dt	^	{2}}	+	{dx	^
{\	Lambda}}	Over	Over	{D	^	{2}	t}	{dt	^	{2}}}	left	({frac	{dt}	{dt}}	right)	^	{2}	=	-	gamma	_	{u	alpha}	^	{lambda	}	{dx	^	{u}	over	dt}	{dx	^	{alpha}	over	dt}.}	as	before,	we	are	able	to	set	a	Â¡tx	0	{displaystyle	t	is	x	^	{0}}.	Then	the	derivative	before	X0	compared	to	t	is	one	and	the	second	derivative	is	zero.	Replacing	Ãž	Â	»From	zero	dÃ:	D
2	t	D	T	2	(D	T	D	T)	2	=	A	I	Ãžâ½	Ãž	±	0	d	x	ÃžÂ½	d	t	d	x	Ãž	±	d	t.	{Displaystyle	{frac	{d	^	{2}	t}	{dt	^	{2}}}	left	({frac	{dt}	{dt}}}	^	^	{2}	=	-	range	_	{u	alpha}	^	{0}	{dx	^	{u}	over	dt}	{dx	^	{alpha}	over	dt}}	subtraction	d	xi	â	»/	dt	times	this	from	the	previous	equation	dÃ	:.	D	2	x	Iâ	»DT	2	=	to	Ãžâ½	±	Ã¯	Â»	DX	ÃžÂ½	dtdx	i	±	dt	+	i	ÃžÂ½	±
0	dx	ÃžÂ½	dtdx	i	Â	±	dtdx	Ã¯Â	»	dt	{displaystyle	{d	^	{2}	x	^	{lambda}	over	dt	^	{2}}	=	-	gamma	_	{u	alpha}	^	{lambda}	{dx	^	{u}	over	dt}	{	dx	^	{alpha}	over	dt}	+	range	_	{u	alpha}	^	{0}	{dx	^	{u}	over	dt}	{dx}	{alpha}	over	dt}	{dx	^	{lambda	}	over	dt}}	which	is	a	form	of	geodetic	motion	equation	(using	time	as	a	coordinate	parameter).
The	equation	of	the	geodetic	motion	alternatively	can	be	derived	using	the	concept	of	parallel	shipping.	[3]	deriving	the	geodesic	equation	through	an	action	we	can	(and	this	is	the	most	common	technique)	derives	the	geodesic	equation	through	the	principle	of	action.	Consider	the	case	to	try	to	find	a	geodetics	between	two	separate	time	events.	Let
the	action	is	s	=	a	â	â	â	â	â	â	â	â	ds	{displaystyle	s	=	int	ds}	where	ds	=	ag	Ã¯	Â¼	ÃžÂ½	(x)	dx	dx	Ã¯	Â¼	ÃžÂ½	{displaystyle	ds	=	{sqrt	{-G	_	{MU	U}	(X),	DX	^	{MU},	DX	^	{U}}}}	is	the	line	element.	There	is	a	negative	sign	inside	the	square	root	for	the	curve	must	be	time.	To	obtain	the	geodesic	equation	we	must	vary	to	this	action.	To	do	this
parameterize	this	action	compared	to	a	parameter	â	€	{DisplayStyle	Lambda}.	In	this	way	you	get:	s	=	to	â	â	â	â	Ã¯	Â¼	Ãžâ½	dx	Ã¯	Â¼	d	iâ	»dx	ÃžÂ½	d	i	Â»	d	iâ	»{displaystyle	s	=	int	{sqrt	{-g	_	{mu}	{frac	{dx	^	{mu}}	{d	lambda}}	{frac	{dx	^	{}}	{d	lambda}}}},	d	lambda}	now	we	can	go	ahead	And	vary	this	action	compared	to	the	X	curve	Ã¯
Â¼	{DisplayStyle	x	^	{MU}}.	With	the	principle	of	minimum	action	we	get:	0	=	i's	=	a	â	â	â	â	â	â	â	Ã¯	Â¼	Ãžâ½	dx	Ã¯	Â¼	d	iâ	»dx	ÃžÂ½	d	i	Â»)	d	iâ	»=	Ã,	â«	i	'(Ã	¢	g	Ã¯	Â¼	ÃžÂ½	dx	Ã¯	Â¼	of	Â	»DX	ÃžÂ½	d	iâ»)	2	g	Ã¯	Â¼	Ãžâ½	dx	Ã¯	Â¼	of	Â	»DX	ÃžÂ½	d	IÂ»	of	Â	»{DisplayStyle	0	=	Delta	S	=	INT	Left	({sqrt	{-g	_	{mu}	{frac	{dx	^	{mu}}	{d
lambda}}	{frac	{	dx	^	{u}}	{d	lambda}}}}	right),	d	lambda	=	int	{frac	{left	(-g	_	{mu	l}	{frac	{dx	^	{	mu}}	{d	lambda}}	{frac	{dx	^	{u}}	{d	lambda}}	right)}	{2	{sqrt	{-g	_	{mu}	{frac	{dx	^	{	mu}}	{d	lambda}}	{frac	{dx	^	{}}	{d	lambda}}}}}}	d	lambda}	Using	the	product	rule	we	obtain:	0	=	a	â	â	â	«(right	Ã¯	Â¼	d	Iâ	»dx	ÃžÂ½	Ã'g	Ã¯	Â¼
ÃžÂ½	+	g	Ã¯	Â¼	ÃžÂ½	d	'x	Ã¯	Â¼	d	Ãž	Â»	DX	ÃžÂ½	of	+	g	Ã¯	Â¼	Ã¯	Â¼	Ãžâ½	dx	did	i'x	ÃžÂ½	d	ÃžÂ	»)	d	Ãž	â»	=	aâ	«(dx	Ã¯	Â¼	d	Ãžâ»	dx	ÃžÂ½	of	a	Ãž	Â	Ã¯	Ã¯	Â¼	ÃžÂ½	i'x	Ãž	Â	±	+	2	g	Ã¯	Â¼	ÃžÂ½	d	i'x	Ã¯	Â¼	d	Ãž	â	»DX	ÃžÂ½	d	i)	d	Ãžâ»	{displaystyle	0	=	INT	Left	({frac	{dx	^	{	mu}}	{d	lambda}}	{frac	{dx	^	{u}}	{d	tau}}	delta	g	_	{mu}	+	g
_	{mu}	{frac	{d	delta	x	^	{mu}}	{d	lambda}}	{frac	{dx	^	{}}	{d	tau}}	+	g	_	{mu}	{frac	{dx	^	{mu}}	{d	TA	U}}	{frac	{d	Delta	x	^	{u}}	{d	lambda}}	right),	d	lambda	=	INT	Left	({frac	{dx	^	{mu}}	{D	lambda}}	{frac	{dx	^	{u}}	{d	tau}}	partial	_	{alpha}	g	_	{mu}	delta	x	^	{alpha}	+	2g	_	{mu}	{frac	{d_}	{m	mu}}	{d	lambda}}	{frac	{dx}
{}}	{d}}	right),	d	lambda}	where	dids	Â	"=	A	g	Ã¯	Â¼	Ãžâ½	dx	Ã¯	Â¼	Â	»DX	ÃžÂ½	d	iâ»	{displaystyle	{frac	{d	tau}	{d	lambda}}	=	{sqrt	{-g	_	{mu	L}	{frac	{dx	^	{mu}}	{d	lambda}}	{frac	{dx	^	{u}}	{d	lambda}}}}}	By	integrating	the	last	term	and	releasing	the	derivative	Total	(equal	to	zero	on	the	borders)	we	obtain	that:	0	=	to	â	â	â	â	â
«(right	Ã¯	Â¼	of	Ã​Â½	d	i	A	Ã​	Â±	g	Ã¯	Â¼	Ã​Â½	I'x	Ã​	Â±	2	Ã¢	I'x	Ã¯	Â¼	gG	(g	Ã¯	Â¼	Ã​Â½	dx	Ã​Â½	d	I))	d	i	=	a	Â«(dx	Ã¯	Â¼	d	i	dx	Ã​Â½	d	i	A	Ã​	Â±	g	Ã¯	Â¼	Ã​Â½	I'x	Ã​	Â±	2	Ã¢	I'x	Ã¯	Â¼	Ã¢	Ã​	Â±	g	Ã¯	Â¼	Ã​Â½	dx	Ã​	Â±	d	i	d	dx	Ã​Â½	I	A	2	I'x	Ã¯	Â¼	Ã¯	Â¼	g	Ã​Â½	d	2	x	Ã​Â½	d	I	2)	d	i	{\	displaystyle	0	=	\	int	\	left	({\	frac	{dx	^	{\	mu}}	{d	\	tau}}	{\	frac	{dx
^	{u}}	{d	\	tau}}	\	parziale	_	{\	alpha}	g	_	{\	mu	u}	\	delta	x	^	{\	alfa	alfa	x	^	{\	mu}	{\	frac	{d}	{d	\	tau}}	\	{d	\	tau}}	\	left	(G	_	{\	mu	u}	{\	frac	{dx	^	{u}}	{d	\	tau}	}	{d	\	tau}}	\	right)	\	right)	\	d	\	tau	=	\	int	\	left	({\	frac}	{d	\	tau}}	{d	\	tau}}	{d	\	tau}}	{\	frac	{	dx	^	{u}}}	{d	\	tau}}	\	tau}}	\	partial	_	{\	alpha}	g	_	{\	mu	u}	\	delta	x	^	{\	alpha}
-2	\	delta	x	^	{\	mu}	\	partial	_	{\	alpha}	g	_	{\	mu	u}	{\	frac	{dx	^	{\	frac	{dx	^	{\	alpha}}	{d	\	tau}}	{\	frac	{dx	^	{u}}	{d	\	tau	}}	-	2	\	delta	x	^	{\	mu}	g	_	{\	mu}	g	_	{\	mu	u}	{\	frac	{d	^	{2}	x	^	{u}}	{d	\	tau	^	{2}}}	\	right)	\,	d	\}	taau	Simplifying	a	bit	'we	see	that:	=	0	to	"(it'	Î¼Â¼	Ã®Â½	2	g	of	2	x	½	d"	2	+	dx	Î	±	Â	d	A	"dx	±	Î	½	d"	ã	¢	Î	±	g
±	Î	±	ã	Â½	"dx	2	Î	±	Â	±	d"	dx	Î	±	Î	±	-d	â	"¢,	Â®	¼	g	Â	±	Î	±	½)	at	'x	Î	±	d	"{\	displaystyle	0	=	\	int	\	left	(2G	_	{\	mu	u}	{\	frac	{d	^	{2}	x	{d	^	{	2}	{d	\	tau	^	{2}}}	+	{\	frac	{dx	^	{\	alpha}}	{d	\	taau}}	{d	\	tau}}	{\	frac	{dx	^	{u}}	{d	\	tau	}}	\}}	taau	\	partial	_	{\	mu}	g	_	{\	alpha}	-2	{u	\	frac	{dx	^	{\	alpha}}	{	d	\	tau}}	{\	frac	{dx	^	{u}}	{d	\
tau}}	{d	\	tau}}	\	partial	_	{\	alpha}	g	_	{\	mu	u}	\	right)	\	Delta	x	^	{\	mu}	d	\	taau}	So,	0	=	to	"(a"	2	g	Î¼Â¼	ã	Â½	to	2	x	Ã®Â½	d	"2	+	dx	Î	±	Â	±	d"	dx	Î	±	½	d	"ã	¢,	ã	¼	g	Î	±	½	ã	¢	Â®	'dx	±	Î	Î	±	Â"	d	"dx	®	½	d"	ã	¢	ã	Â	±	g	¼	¼	½	ã	¢	'dx	±	Î	½	d	"dx	Î	±	Â	±	d"	ã	¢	ã	Â½	g	Making	¼	Î	±)'	X	Â®	d	¼	"{\	displaystyle	0	=	\	int	\	left	(2G	_	{\	mu	u}	{\
frac	{d	^	{x	^	2}	{the}	{d}	\	tau	^	{2}}}	+	{\}}}	+	{\	frac	{dx	^	{	\	\	thau}}	{d	\	tau}}	{\	tau}}	{\	frac	{dx	^	{u}}	{d	\	tau}}	\	tau}}	\	partially	_	{\	mu}	g	_	{\	alpha	u}	-	{\	frac	{dx	^	{\	alpha}}	{d	\	taau}}}	{d	\	tau}}	{\	frac	{dx	^	{u}}	{d	\	tau}}	\	tau}}	\	partial	_	{\	alpha}	g	_	{\	mu	u}	-	{\	frac	{dx	^	{u}}}	{d	\	tau}}	{\	frac	{dx	^	{\	alpha}}	{d
\	tau}}	{d	\	taau}}	\	partially	_	g	{u}	_	{\	mu	\	alpha}	\	right)	\	delta	x	^	{\	mu}	\	d	\	tau}	multiplying	this	equation	of	'1	2	{\	displaystyle	-	{\	frac	{1}	{2}}}	we	get:	0	=	to	"(G	Î¼Â¼	ã	Â½	to	2	x	½	d"	2	+	1	2	d	X	Â	±	Î	±	D	"DX	½	D"	(Ã	¢,	Ã	Â	±	Î	±	¼	G	½	+	A,	G	¼	½	Î	±	Â	±	Ã	'Ã	¼	g	Î	±	Î	±	½))	at	'x	¼	d	"{\	displaystyle	0	=	\	int	\	left	(g	_	{\	mu	u}	{\
frac	{d	^	{2}	x	^	{u}}	}	{d	\	tau	^	{2}}}	+	{2}}}}	+	{\	frac	{1}	{2}}	{\	frac	{dx	^	{\	alpha}}	{d	\	tau}}	{d	\	tau	}}	{\	frac}	{d	\	{u}}}	\	tau}}	\	heel}	\	left	(\	partial	_	{\	alpha}	g	_	{\	mu	u}	+	\	partial	_	{u}	g	_	{\	mu	\	alpha}	-	\	partial	_	{\	mu}	g	_	{\	alpha}	u	\	right)	\	right)	\	delta	x	^	{\	mu}	\	d	\	taau}	So,	from	Hamilton's	principle,	we	find	that
the	Euler	-	EURAZIONE	Lagrange	G	¼	Ã®Â½	Ã®Â½	of	2	x	d	"2	+	1	Î	±	2	DX"	2	+	1	Î	±	2	DX	"DX	½	d"	(ã	¢	Î	±	g	Î	±	"Â®	Â®	+	Â	½	g	Î¼Â¼	Î	±	Â	±	Ã	'to'	g	¼	Î	±	Â	±	Î	±	½)	=	0	{\	displaystyle	g	_	{\	mu	U}	{\	frac	{d	^	{2}	X	^	{U}}	{d	\	tau	^	{2}}}	+	{\	frac	{1}	{2}}	{\	frac}	{d	\	\	tau}}	{d	\	tau}}	{\	frac	{dx	^	{u}}	{d	\	taau}}	\	left	(\	partial	_	{\
alpha}	g	_	{\	alpha}	g	_	{\	mu	u}	+	\	partial	_	{u}	g	_	{\	mu}	g	_	{\	mu	\	alpha}	-	\	partial	_	{\	mu}	g	_	{\	Alpha	u}	\	right)	=	0}	Multiplying	by	tensor	metric	inverse	g	Î¼Â¼	i²	i²	{\	displaystyle	g	^	{\	mu	\	beta}}	We	get	that	d	2	x	I²	D	"2	+	1	2	g	Î¼	i²	i²	(Ã	¢	Î	±	Î	±	g	Î¼	½	+	A,	g	½	Î¼Â¼	Î	±	Â	±	Ã	Â	»Ã	¼	g	Î	±	Â	±	½)	DX	Â	±	Î	±	d"	DX	½	d	A	"=	0	{\
displaystyle	{\	frac	{d	^	{2}	x	^	{\	beta}}	{d	\	tau	^	{2}}}	+	{\	frac	{1}	{2}}	G	^	{\	mu	\	beta}	\	left	(\	partial	_	{\	alpha}	g	_	{\	mu	u}	+	\	partial	_	{u}	g	_	{\	mu	\	alpha}	-	\	partial	_	{\	mu}	g	_	{\	alpha	u}	\	right)	{\	frac	{dx	^	{\	\	alpha}}	{d	\	tau}}	{d	\	tau}}	{\	frac	{dx	^	{u}}	{d	\	tau	=	0}}}	So	get	the	'geodesic	equation:	d	2	x	d	i²	"2	+	ã"	i²	Î	±	Î
±	Î	±	Î	±	Î	±	Î	±	Î	±	"DX	®	Î	±"	=	0	{\	\	displaystyle	{\	frac	{d	^	{2}	x	^	{\	beta}}	{d	\	tau	^	{2}}}}	+	\	gamma	^	{\	beta}	{}	_	{\	alpha	u}	{\	frac	{dx	^	{\	alpha}}	{d	\	tau}}	{\	tau}}	{\	frac	{dx	^	{u}}}	\	tau}}	=	0}	with	the	Christoffel	symbols	defined	in	te	rms	of	tensor	metric	as	"i²	Î	±	Î	±	½	=	1	2	g	Î¼	Î	±	i²	(Ã	¢	Î	±	g	Î¼	¼	Î	±	½	+	Â	Â	½	G	¼	Î
±	Â	±	Ã	Â	»Î	±	g	±	Î	±	½)	{\	displaystyle	\	gamma	^	{\	beta}	{}	_	{\	alpha	u}	=	{\	frac	{1}	{2}	g}	^	{2}}	g	^	{\	mu	\	beta}	\	left	(\	partial	_	{\	alpha}	g	_	{\	mu	U}	+	\	partial	_	{u}	g	_	{\	mu	\	alpha}	-	\	partial	_	{	\	G	_	{alfa}	right)}	(Note:	similar	derivations,	with	minor	modifications,	can	be	used	to	produce	similar	results	for	geodesy	between
[necessary	quotation]	or	pairs	of	separate	or	spatial	points.)	The	equation	of	the	movement	It	can	follow	from	the	equations	of	the	field	for	the	empty	space	Albert	Einstein	believed	that	the	geodetic	equation	of	the	movement	can	be	derived	from	the	equations	of	the	field	for	vacuum	space,	that	is	from	the	fact	that	curly	curvature	vanishes.	He	wrote:
[4]	has	been	shown	that	this	law	of	the	generalized	movement	to	the	case	of	arbitrarily	large	gravitant	masses	-	can	be	derived	from	the	equations	of	the	field	of	empty	space	alone.	According	to	this	derivation,	the	law	of	the	movement	is	implicit	from	the	condition	that	the	field	is	both	From	anywhere	outside	of	its	generation	of	mass	points.	And	[5]
One	of	the	imperfections	of	the	original	relativistic	theory	of	gravitation	was	that	as	the	field	theory	was	not	complete;	He	introduced	the	independent	postulate	that	the	law	of	the	movement	of	a	particle	is	given	by	the	equation	of	geodesics.	A	complete	field	theory	knows	only	fields	and	not	the	concepts	of	particles	and	movement.	Because	these	must
not	exist	regardless	of	the	field	but	they	must	be	treated	as	part	of	it.	Based	on	the	description	of	a	particle	without	singularity,	you	have	the	chance	of	a	logically	more	satisfactory	treatment	of	the	combined	problem:	the	problem	of	the	field	and	that	of	the	movement	coincide.	Both	physicists	and	philosophers	often	repeated	the	statement	that	the
geodetic	equation	can	be	obtained	from	the	equations	of	the	field	to	describe	the	movement	of	a	gravitational	singularity,	but	this	claim	remains	disputed	[6].	Less	controversial	is	the	notion	that	the	equations	of	the	field	determine	the	movement	of	fluid	or	dust,	as	distinct	from	the	movement	of	a	point	singularity.	[7]	Extension	to	the	case	of	charged
particles	in	obtaining	the	geodetic	equation	from	the	principle	of	equivalence,	it	is	assumed	that	particles	in	a	system	of	local	inertial	coordinates	is	not	accelerating.	However,	in	real	life,	particles	can	be	charged	and	therefore	can	be	accelerated	locally	in	compliance	with	the	strength	of	Lorentz.	That	is:	D	2	x	Î	±	DS	2	=	QMF	Î¼	Î	±	Î	Î²	Ãž	±	ds	Ãž	Â
Â	Î	±	Î	±	±	Â	±	D.	{DisplayStyle	{D	^	{2}	x	^	{MU}}	=	{Q	over	m}	{f	^	{mu	beta}}	{dx	^	{alfa}	over	ds}	{_	_	{alpha	beta}}}	with	Ãž	Â	·	Î	±	Î	Î	±	Î}	Î²	DX	Ãž	Â	±	DSD	X	Î²	DS	=	Ã,	'1.	{displaystyle	{{_	{alpha}}	{dx	^	{alpha}	over	ds}	{dx	^	{beta}	^	^	{beta}	over	ds}	=	-	1.}	the	minkowski	tensor	Ãž	â	·	Î	±	Î	±	Î²	{DisplayStyle	ETA	_	{alpha}}	is
given	by:	Ãž	Â	·	Î	±	Î	Î	Î²	=	(Ã,	'1	0	0	0	0	0	1	0	0	0	0	1	0	0	0	0	1)	{DisplayStyle	ETA	_	{Alpha	Beta}	=	{begin	{pmatrix}	-1	&	0	&	0	&	0	0	&	1	&	0	&	0	&	0	&	1	&	0	0	&	0	&	0	&	0	{pmatrix}}}	These	last	three	equations	can	be	used	as	a	starting	point	for	the	derivation	of	an	equation	of	the	movement	in	general	relativity,	instead	of	assuming	that
'acceleration	is	zero	in	free	fall.	[2]	Because	the	Minkowski	Tensor	is	involved	here,	it	becomes	necessary	to	introduce	something	called	metric	tensor	in	general	relativity.	The	metric	tensor	g	is	symmetrical	and	is	reduced	locally	to	the	minkowski	tensor	in	autumn	free.	The	resulting	equation	of	the	movement	is	the	following:	[8]	D	2	x	Î¼	Â¼	D	S	2	=
Ã,	'Ãž	"Î¼	Î	±	Â	±	Î²	d	X	Î	±	±	±	dx	Î	±	Î	±	Î	±	±	DSDX	Î²	D	S	Ã	¢	+	QMF	Î¼	Î	±	Î²	D	X	Î	±	-DSG	Î	±	Î².	{DisplayStyle	{d	^	{2}	x	^	{mu}}	=	-	gamma	^	{mu}	{}	_	{	Alpha}	{dx	^	{alpha}	over	ds}	{dx	^	{beta}	^	over	ds}}	{q	over	m}	{f	^	{m	ma}}	{dx	^	{alfa}	}}	over	ds}	{g	_	{beta}}.}	with	g	Î	±	Î	±	Î²	dx	Î	±	Î	±	±	DSDX	Î²	DS	=	Ã,	'1.
{DisplayStyle	{G	_	{alpha	beta}	}	{dx	^	{alfa}}	{ds}	{dx	^	{beta}	over	ds}	=	-	1.}	This	last	equation	means	that	the	particle	moves	along	a	temporal	geodesico;	the	particles	without	mass	like	photon	instead	follow	null	geodesy	(replace	Ã	¢	'1	with	zero	on	the	right	side	of	the	last	equation).	It	is	important	that	the	last	two	equations	are	consistent
with	each	other,	when	the	latter	is	differentiated	from	the	moment	Right	and	the	following	formula	for	Christoffel	symbols	guarantees	this	consistency:	Ãž	"ÃžÂ»	Î	±	Î	±	Î²	=	1	2	G	Ãž	Â	»Ã"	(Ã	,,	g	Ã¯	"Î	±	Â	±	Ã	,,	X	Î²	+	Ã	,,	G"	Î²	Ã	¢,	X	Î	±	Â	±	Ã	¢	,,	G	Î	±	Î²	Ã	¢,	x	Ã¯	")	{displaystyle	range	^	{lambda}	{}	_	{alfa}	=	{frac	{1}	{2}}	g	^	{lambda	taau}	left
({frac	{	partial	g	_	{taau	alfa}}	{partial	x	^	{beta}}}	+	{frac	{partial	g	_	{tau	beta}}	{tau	beta}}	{partial	x	^	{alfa}}}	-	{frac	{partial	g	_	{beta}}	{partial	x}	{tau}}}	right)}	This	last	equation	is	not	The	electromagnetic	fields	and	is	also	applicable	in	the	limit	as	the	electromagnetic	fields	vanish.	The	letter	G	with	superscript	refers	to	the	metric
tensor	reversal.	In	general	relativity,	the	tensors'	indices	are	lowered	and	raised	by	the	contraction	with	the	metric	tensor	or	its	inverse,	inverse,	Geostics	as	stationary	interval	curves	A	goodesico	between	two	events	can	also	be	described	as	the	curve	that	unites	those	two	events	that	has	a	stationary	interval	("4	dimensional	length").	Stationary	here
is	used	in	the	sense	in	which	this	term	is	used	in	the	calculation	of	variations,	that	is	to	say	that	the	interval	along	the	curve	varies	within	the	curves	that	are	near	the	geodesico.	In	the	Minkowski	space	there	is	only	a	geodetic	that	connects	any	data	pair	of	events,	and	for	a	time	gownsico,	this	is	the	curve	with	the	longest	time	corrected	between	the
two	events.	In	curved	spacetime,	it	is	possible	that	a	couple	of	widely	separated	events	have	more	than	a	geodesy	like	it	once.	In	such	cases,	the	appropriate	times	along	different	geodesics	will	generally	not	be	the	same.	For	some	geodesic	in	such	cases,	it	is	possible	for	a	curve	that	connects	the	two	events	and	is	located	near	the	geodesy	to	have	a
longer	or	shortest	time	than	the	geodesico.	[9]	For	a	spatial	geodesico	through	two	events,	there	are	always	close	curves	that	cross	the	two	events	that	have	a	longer	or	short	length	than	the	correct	length	than	the	geodesico,	even	in	the	Minkowski	space.	In	the	minkowski	space,	the	geodesica	will	be	a	straight	line.	Any	curve	that	differs	from	the
geodesico	purely	spatially	(ie	does	not	change	the	coordinate	of	time)	in	any	inertial	reference	frame	will	have	a	longest	length	of	the	geodesico,	but	a	curve	that	differs	from	the	purely	temporal	geodesico	(ie	does	not	change	the	spatial	coordinates	)	In	these	reference	frames	will	have	a	proper	shorter	length.	The	range	of	a	spacetime	curve	is	L	=	ã,
Â	«|	G	Î¼	Â¼	Ã®	Â½	x	Ã	«Â"	¢	Î¼	x	Ã	«â"	¢	ÃžÂ½	|	D	S	Ã	¢.	{displayStyle	L	=	INT	{SQRT	{Left	|	G	_	{mu}}	{mu}}	{dot	{x}}	{dot	{x}}	{u}}}	^	{u}}}}},	ds}	,	the	equation	of	Lagrange	Eulero,	DDS	Ã,,	Ã	¢,	x	Ã	«â"	¢	Ãž	Â	Â	±	|	G	Î¼	Â¼	Ã®	Â½	x	Ã	«Â"	¢	Î¼	x	Ã	«â"	¢	ÃžÂ½	|	=	Ã,,	Ã	¢,	x	Î	±	|	G	Î¼	Â¼	Ã®	Â½	x	Ã	«Â"	¢	Î¼	x	Ã	«â"	¢	ÃžÂ½	|	Ã,,
{DisplayStyle	{D	OVER	DS}	{Partial	Up	Partial	{dot	{x}}	{sqrt}}	{sqrt	{Left	|	G	_	{mu}	{dot	{x}}	^	{mu}	{dot	{x}}	{u}}}}	{u}}}}}	=	{partial	cross	partial	x	^	{alfa}}	{sqrt	{sqrt	{left	|	G	_	{mu}	{dot	{x}}	^	{}}	{dot	{x}}}	{u}}}}}	right	|}},}	becomes,	after	a	certain	calculation	,	2	(Ãž	"ÃžÂ»	Î¼Â¼	Ãž	Â½	x	Â	"¢	â"	¢	Ã®	x	Ã
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