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Datum Von Bis Raum
1 Di, 17. Apr. 2018 10:00 12:00 05 119 Minkowski-Raum
2 Do, 19. Apr. 2018 08:00 10:00 05 119 Minkowski-Raum
3 Di, 24. Apr. 2018 10:00 12:00 05 119 Minkowski-Raum
4 Do, 26. Apr. 2018 08:00 10:00 05 119 Minkowski-Raum
5 Do, 3. Mai 2018 08:00 10:00 05 119 Minkowski-Raum
6 Di, 8. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
7 Di, 15. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
8 Do, 17. Mai 2018 08:00 10:00 05 119 Minkowski-Raum
9 Di, 22. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
10 Do, 24. Mai 2018 08:00 10:00 05 119 Minkowski-Raum
11 Di, 29. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
12 Di, 5. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
13 Do, 7. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
14 Di, 12. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
15 Do, 14. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
16 Di, 19. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
17 Do, 21. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
18 Di, 26. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
19 Do, 28. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
20 Di, 3. Jul. 2018 10:00 12:00 05 119 Minkowski-Raum
21 Do, 5. Jul. 2018 08:00 10:00 05 119 Minkowski-Raum
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https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764933628971,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=ACTION&ARGUMENTS=-AydFSP.0Ktm3yhcetGmidu.dGkmg21UdwMp1hB6lYta5s25Ld.uvTRk13B50P0Eq2ySDsHmfFCwSe7nRrJkHkaxn2-9P30N-OuZ0FXFSoCiMXd5TQ
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764936535021,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764936535021,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764936535021,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=ACTION&ARGUMENTS=-AydFSP.0Ktm3yhcetGmidu.dGkmg21UdwMp1hB6lYta5s25Ld.uvTRk13B50P0Eq2ySDsHmfFCwSe7nRrJkHkaxn2-9P30N-OuZ0FXFSoCiMXd5TQ

JG|U Part 1: Mathematical Tools

Vector Spaces
(Ortho-normal) bases
Change of Basis
Non-orthonormal bases
Covariant and contravariant vectors T
Tensors T
Curved Spaces M

Vectors on curved spaces
Covariant Differentiation
Geodetics

Curvature
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JG|U Covariance and Contravariance

See notes

—

Figure from wikipedia
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Tensors

Stress Tensor

Ti = O'ij’flj

T= stress vector

n= normal to the plane to decompose on e_i

Inertial momentum tensor

Li =

ijWj

Metric tensor

di* = g;;da'da’

Sommersemester 2018
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Transformations

JG\U

/

. / ax’V

Contravariant A ot

oxH

oxH

° / L

Covariant v, = i O

Tensor with two covariant indices

Mixed tensor

_ox’ ox°

= a AL 5
Pox oxP

o

Y _ ox“ ox° Ox"
7 ox ox? ox”

el
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JG|U Covariant Differentiation

How does a basis vector change in the direction of another basis vector?
__ Tk
Ve]-ei — rl]ek
For general vectors and directions
Vo, = ijej(wiei) = vjve].(wiei) = vfwivejei + vfeivejwl

o O’ o Jwk
— v]wll“k ek + v —e;, = v]wZI’i-‘o ol — | e
ox/ J ox/

And for a tensor with generic indices

LZ a
avec 1 bsr

axc
daz Ay ay..a,_1d
T T, 5 4 o+ T T,
a1 ar d ai..ay
rblCTdbz b r Tbl bs 1d
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JG|U Christoffel Symbols

Metric compatibility condition: Vg =0

implies cycling the indices: VoS = 0puv — I’?)‘Vg)w — I‘;}U&M — 0
A TA
Viugup = 9ugup — I'&ap — T'yp8ua = 0

A TA
V&ou = dvgpu — Io8au —10u8oa =0

and summing to zero: VoS — Vugvo — Vugou =0
we have 0,9,y — 9,8v0 — I gou + ZF;‘V =0

and solving for Gamma multiplying by the metric tensor

1
Ty = anp (0u8vp + vgou — Op&uv)
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JG|U

Geodesics

Characterization of a geodesic: the change while

. e S VT =
transported along its own direction must be zero:
H
Writing the covariant derivative: a1 | FZﬁT“Tﬁ — 0

Introducing coordinates and a parameterized curve:

d2 xH y dx® dxP

gz e g T

Sommersemester 2018 Luca Doria, JGU Mainz
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JG|U

Geodesics as extremal curves

5, .
Squared curve length L = / gl-]-fcla'c]dt
£y

Variation: 5L:/
b

Z . NN
(5gi]-x X+ 2gi0(x )x7> dt =0

%) agi] - d .
— =7 vt Sy —
oL /t1 <8xkx 3 5xK + 2g;i% dt&x ) dt

98ij i d k dx' 0gij d i
/t1 <axk x' —Zd [gz] ]) ox dt—l—gijE(Sx]’ti — ¥ bl —2% [gi]-xz}

.. 2
= (agZ aglk]) i — 2y

0X oK dt
_ dzxk 1 Lo ogi1 | 98 _ 98ij\ .i.j

2 2 ox/ = 9xi  ox!
dzxk 1 Kkl vk

=" | >8 I’xlx]—O
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JG|U

Curvature

Parallel Transport
along a closed path

0p

a
VH(DA) = —/ doVET"
a+da

gt

dgbV'BrZ‘B |0=a—|—5a
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JG|U

Curvature

b+éb
AVH = / do
b

a+da
—-/p do
a L
a+ada 0 b+db 2 T
— — BrH e BT H
U 400655 (ver ﬁ)/ dpoag, (V F<P/3)

= —daob [

V'Brcp[ﬁ‘e s — VP rq)ﬁ\@ | The vector is pqrallel along one side:
L
- vV = VL
Vﬁrgﬁ\cpzbwb — Vﬁfé‘ﬁ\cp:b_ ox! ge
, X Using the definition of
a(I)Vﬁl“”ﬁ aQVﬁff;ﬁ] partial derivative
QVh oTys VP or’,
AVE — _§A BA B__ 96 _ no_yB__ 9P
0 <a<p R Y I LT
orl ort
_ vrf i B__ 9B vP i B 9B
(5A<VF T+ VP + VTG =V ae)
ar” or’
_ B A 9B
z L
R}” — TV l’*]f‘ ar’)’lg . 1-1 + ar AP
ByA ABZTV OxA VBT AV T 9y
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JG|u Properties of the Riemann Tensor

Another characterization of the Riemann tensor (cov. deriv. commutator):

V.VyV, =V, V.V, = [V, V] Ve = RE V,

abc

Rabcd — _Rbacd — _Rabdc — Rbadc (SymmetIY)
Rabcd + Radbc + Racdb =0 (antisymmetIY)

Rabcd + Radbc + Racdb =0 (CYCIiCitY)
Bianchi Identities:
veRabcd =+ vdRabec + chabde =0

VeRpg + V iRy, + V. (l;de =0 T

Einstein Tensor: Vb(ng — §5SR) — Vng =0

The Riemann tensor is unique in the following sense:
it is the only tensor which can be constructed using only the metric tensor and its first
and second derivatives (ant it is linear in the second derivatives).
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Ist Deutschland flach 2

A= Muenchen o A b i &
B= Bremen '
C = Rostock ' _ _
D= Dresden I - N - .

Warn

Baltic Sea
’ )‘ ni!z

S

Netherlands

AB =584 km
AC =664 km
AD = 360 km
BC = 245 km
BD = 406 km
CD = 365 km

Fraiberg
4 Chefnitz

lUXvemboU’-g "C’{g/'a

France

Ann-atx)lrap’.éb

S Augsburg
\

Austria

CrasritmarlanA

Exercise: Try to calculate AC with the available data and confront with AC=664 km



Ist Deutschland flach 2

A more elegant way:
calculate the volume of the tetrahedron in 3D space

O 1 1 1 1
1 0 AB* AC® AD’
V2 = seadet | 1 AB* 0 BC* BD?

1 AC* BC* 0 CD?
\1 AD®> BD> CD*> 0 )

with the Cayley-Menger determinant.
If the determinant vanishes, the tetrahedron “collapses” on a plane
—> condition for the 4 points to lie on a plane (can you explain why?).

If Germany is not flat, how could you estimate the curvature radius?

For a crude estimate, you can gather some ideas from
https://en.wikipedia.org/wiki/Horizon

For a better calculation, use spherical trigonometry.


https://en.wikipedia.org/wiki/Horizon

