L ecture 21
Gener al relativity 1 V:

W/T1ting down the entire
Universein oneline




__W-eak equivalence principle

The are precisaly
the samein all inertial and freely
falling frames. In particular, gravity Is
completely indistinguishable from

any other acceleration.

T
=
X

Strong equivalence principle =
The are precisely the e
same in all inertial and freely falling

frames, there is no experiment that
can distinguish them.
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_Generdl relativity

« Masstells space how to curve
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/Euclldean (flat) geometry:

e Glven aline and a point not on the line,
only one line can be drawn through that
point that will be parallel to thefirst line

e Thecircumference of acircleof radius ' I1s

* Thethree angles of atriangle sum up to
180°

Astronomy 201 Cosmology - Lecture 21




Spherical"geometry:
o

e Given aline and apoint not on the line, no
line can be drawn through that point that
will be parallel to thefirst line

e Thecircumferenceof acircleof radius ' Is
smaller than

* Thethree angles of atriangle sum up to
more than 180°
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/Hyperbollc geometry:

* Glven aline and apoint not on the line, an
Infinite number of lines can be drawn
through that point that will be parallel to the
first line

e Thecircumferenceof acircleof radius ' Is
larger than

e Thethree angles of atriangle sum up to less
than 180°
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_Spacetime

e Fourth coordinate;

 time coordinate has different sign than
spatial coordinates

 space-time distance:

: metric coefficients
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Why does.space curvature
—correspond to gravity?

non-rotating disk

radius; r circumference: 2pr
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Why does.space curvature
—correspond to gravity?

rotating disk

length contraction
circumference: < 2pr
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Why does.space curvatureresult
—1n attraction ?
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Some-effectspredicted by the
theory of general relativity

e gravity bends light

e gravitational redshift

e gravitational time dilation

e gravitational length contraction
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Why does.space curvatureresult
—1n attraction ?
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__Tidal*forces (1)

Astronomy 201 Cosmology - Lecture 21




__Tidalforces (11)

E rlh
s Gravitational force of Moon
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__ldaalforces(l11)
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__Tidal*forces (1V)
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So does theexistence of tidal forces
—Vviolate the equivalence principle ?

 thereisno freely falling frame of reference
In which gravity vanishes global ly

o thereisafreely faling frame of referencein
which gravity vanishes |locally

e equivalence principle holds for :
“small” 1n comparison to distances over
which the gravitational field changes
significantly.

o space-timeislocally flat

Astronomy 201 Cosmology - Lecture 21




__Tewardsa new theory for gravity ...

Reguirements:

o |t should locally fulfill the equivalence
principle

e |t should relate geometry of space to the
distribution of mass and energy

e |t should be locally flat

e |t should reduce to Newtonian gravity for
small velocities (compared to ) and for
weak gravitational fields
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__I-heentire Universein oneline

Geometry of Distribution of

space-time mass and energy

(Einstein tensor) In the universe
(stress-energy tensor)
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Why is general relativity (GR)
—difficult ?

o conceptually difficult (relativity of space
and time, curvature of space-time)

 set of 10 coupled partial differential

equations
e non linear (solutions do not superpose)
e gpace and time are part of the solution
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—Checklist

How to deal with accelerations ?
How to deal with gravity ?
Newton’s gravity acts instantaneoudly, I.e. It

IS Inconsistent with special relativity’s
conclusion that information cannot be
communicated faster than the speed of light.

Distance Is relative, so which distance to use
INn computing the gravitational force ?
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_Se-what i1sleft todo ?

e Show that general relativity provides a
consistent and accurate description of nature
test it by experiment/observation
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