L ecture 20

Generdl relativity I11:
Geometry In a curved space
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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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__M-asscurves space
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__General relativity

 Masstells space how to curve

e Spacetells mass how to move
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__Least=action principle

* |ight travels on a path that minimizes the
distance between two points
for flat space: straight line

e apath that minimizes the distance between
two pointsis called a geodesic

* Examplesfor geodesics
— plane: straight line
— gphere: great circle
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__Whatsthe snortest way to Europe?
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__Hewtofind out that spaceisn’t flat?
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__Hewtofind out that spaceisn’t flat?
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__Elat-space

a+b+g= 180°
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at+b+g! 1



__Elat-space

circumference=2p ~ radius
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radius as

measured on
the sphere

circumference

as measured on
the sphere

circumference! 2p ° radius
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Postulates of
—Euclidean (flat) geometry:

 |tispossibleto draw astraight line from
any given point to any other point

A straight line of finite length can be
extended indefinitely, still in astraight line

A circle can be described with any point as
ItS center and any distance as its radius

All right angles are equal

Given aline and a point not on the line,
only one line can be drawn through that
point that will be parallel to the first line
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Somesconclusions:

 Theinterior angles of atriangle sum to 180°

 the circumference of acircleisequal to
, Where ' Isthe radius

space Is flat

e put what If we change the fifth postulate ?
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Postul ates of

—spherical geometry:

It ispossibleto draw astraight line from
any given point to any other point

A straight line of fi

nite length can be

extended indefinitely, still in astraight line

A circle can be described with any point as
ItS center and any distance as its radius

All right angles are equal

Given alineand a
line can be drawn t
will be parallel tot

Astronomy

noint not on the line, no
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Postulates of
—yperbolic geometry:

e |t Ispossibleto draw astraig
any given point to any other

Nt line from
NoI Nt

A straight line of finite lengt
extended indefinitely, still in

N can be
astraight line

A circle can be described with any point as
ItS center and any distance as its radius

All right angles are equal
Given aline and a point not on the line, an

Infinite number of parallel I
drawn through that point
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__I-he'metric equation

 Distance between two points (flat space)

 Distance between two points (curved space)

metric coefficients
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Example.distance between two
—points at the surface of the Earth

e Coordinate differences:

e naive, but false:

* COrrect:

e metric coefficients:;
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__Space-time

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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