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WED		12:15	—	14:00,		THU		14:15	—	16:00		

Problems	classes:	integral	part	of	the	course  
First	problems	class:			THU,			25	April

Oral	exam	at	the	end	of	the	course  
>	50%	score	required	to	be	admiQed	to	final	exam
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Three	bank	holidays: 
1	May	(WED),			30	May	(THU),			20	June	(THU)

General	Rela)vity	and	Cosmology

�1

WED		12:15	—	14:00,		THU		14:15	—	16:00		

Problems	classes:	integral	part	of	the	course  
First	problems	class:			THU,			25	April

Oral	exam	at	the	end	of	the	course  
>	50%	score	required	to	be	admiQed	to	final	exam



General	Relativity	and	CosmologyHartmut	Wittig

Schedule

�2

Week	1 17.4 lecture Week	8 5.6 lecture
18.4 lecture 6.6 lecture extra	lecture	on	FRI,	7.6.	from	10-12

Week	2 24.4 lecture Week	9 12.6 lecture
25.4 problems	class extra	lecture	from	15:30	to	16:30 13.6 problems	class

Week	3 1.5 Bank	holiday shifted	to	FRI,	3.5.	from	10-12 Week	10 19.6 lecture
2.5 lecture 20.6 Bank	holiday shifted	to	FRI,	21.6.	from	10-12

Week	4 8.5 lecture Week	11 26.6 lecture
9.5 problems	class 27.6 problems	class

Week	5 15.5 lecture Week	12 3.7 lecture
16.5 lecture 4.7 lecture

Week	6 22.5 lecture Week	13 11.7 problems	class
23.5 problems	class 12.7 lecture

Week	7 29.5 lecture "Week	14" extra	lectures?
30.5 Bank	holiday
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Literature

S.M.	Carroll:	Space'me	and	Geometry	(Pearson)  
see	also:		 https://arxiv.org/abs/gr-qc/9712019		

Misner,	Thorne	and	Wheeler:	Gravita'on	(Princeton)	

Hawking	and	Ellis:	The	Large-scale	Structure	of	Space-Time	(CUP)	

Weinberg:	Gravita'on	and	Cosmology	(Wiley)	

Scheck:	Theore'sche	Physik:	Vol.	1	—	Mechanik,	Vol.	3	—	Klassische	
Feldtheorie	(Springer)	

Landau	&	Lifshitz:	Vol.	2	—	Classical	Theory	of	Fields	

Choquet-Bruhat,	DeWiQ-MoreQe,	Dillard-Bleick: 
Analysis,	Manifolds	and	Physics	(North	Holland)
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https://arxiv.org/abs/gr-qc/9712019
http://www.apple.com
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Website

Informa)on,	schedule,	material	can	be	found	at	

hQps://wwwth.kph.uni-mainz.de/cosmology-and-general-rela)vity/	

Teaching	assistant:	

Joey	Smiga	

jsmiga@uni-mainz.de	

Helmholtz	Ins)tute	Mainz,	room	01-145	

Solu)ons	to	be	handed	in	at	Midday	on	the	day	before	the	problems	
class:	Mailbox	“Wifg”	at	Ins)tute	for	Nuclear	Physics	
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https://wwwth.kph.uni-mainz.de/cosmology-and-general-relativity/
mailto:jsmiga@uni-mainz.de
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Equivalence	Principle	

• Gravita)on	and	accelera)on	cannot	be	dis)nguished
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Space-Time	Geometry	

• Massive	bodies	induce	curvature	of	space-)me

• Mathema)cal	formalism:	Differen)al	Geometry	

• Descrip)on	of	space-)me	manifold	without	referring	to	external	frames
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Field	Equa)ons	(1915)

• Differen)al	equa)ons	for	the	10	independent	components	of	

Rµ⌫ � 1
2 gµ⌫R = 8⇡G Tµ⌫

<latexit sha1_base64="nBBqeoG7kr+VmmVAncedTJ7P5Nc="></latexit>

Geometry MaPer

gµ⌫
<latexit sha1_base64="8EnzQecGnLSEBmjinyBWXv+eJfQ=">AAACHHicdVBLSwMxGMzWV62vqkcvwSJ4KttabXsrevFYwT6wu5Rsmm1Dk+ySZMWy9F94tb/Gm3gV/DGC2XYFW3QgMMzMl3wZL2RUadv+tDJr6xubW9nt3M7u3v5B/vCorYJIYtLCAQtk10OKMCpIS1PNSDeUBHGPkY43vkn8ziORigbiXk9C4nI0FNSnGGkjPQz7scMjR0TTfr5gF+3LSt0uQ0PmMKRev7KrNVhKlQJI0eznv5xBgCNOhMYMKdUr2aF2YyQ1xYxMc06kSIjwGA1Jz1CBOFFuPN94Cs+MMoB+IM0RGs7V3xMx4kpNuGeSHOmRWvUS8U9PPyUXqqXn4yTmeQFbWUr7NTemIow0EXixkx8xqAOYNAUHVBKs2cQQhCU134J4hCTC2vSZM339lAL/J+1ysXRRLN9VCo3rtLksOAGn4ByUQBU0wC1oghbAQIBn8AJm1sx6td6s90U0Y6Uzx2AJ1sc3bomjpw==</latexit>

gµ⌫ :
<latexit sha1_base64="dr9akCZ/Ih8UaTtpVOUj0fnVa58=">AAACHXicdVBLSwMxGMzWV62vqkcvwSJ4Kru12tZT0YvHCvYB3aVk07QNzSZLkhXL0p/h1f4ab+JV/DGC2XYFW3QgMMzMl3wZP2RUadv+tDJr6xubW9nt3M7u3v5B/vCopUQkMWliwYTs+EgRRjlpaqoZ6YSSoMBnpO2PbxO//UikooI/6ElIvAANOR1QjLSRusNe7AaRy6PpdS9fsIv2Zblml6AhcxhSq13ZlSp0UqUAUjR6+S+3L3AUEK4xQ0p1HTvUXoykppiRac6NFAkRHqMh6RrKUUCUF89XnsIzo/ThQEhzuIZz9fdEjAKlJoFvkgHSI7XqJeKfnn5KLlRLz8dJzPcFW1lKD6peTHkYacLxYqdBxKAWMKkK9qkkWLOJIQhLar4F8QhJhLUpNGf6+ikF/k9apaJzUSzdlwv1m7S5LDgBp+AcOKAC6uAONEATYCDAM3gBM2tmvVpv1vsimrHSmWOwBOvjG/mLo+s=</latexit>

Space'me	metric
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Consequences	of	the	field	equa)ons

• Gravita)onal	redshim	

• Bending	of	light	—>	gravita)onal	lensing	

• Perihelion	shim	

• Gravita)onal	collapse	—>	black	holes	

• Gravita)onal	waves	

• Cosmology
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Any Questions?


