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SRT:                    15 class hours

GRT, cosmology: 15 class hours
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8.2 The time interval between two spacetime points

8.3 Time travels – the twin paradox

8.4 Movement on a circular orbit, GPS

8.5 Clocks at different altitudes – from another perspective

8.6 Simultaneity is no longer what it used to be
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9.1 Space – more than an empty recipient

9.2 Mass curves space – geodesics
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9.4 Trajectories in the gravitational field

9.5 The Schwarzschild radius
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9.7 Black holes

9.8 Gravitational waves


10. Cosmology 
10.1 The stars in motion

10.2 The cosmological principle

10.3 Curved or not curved?

10.4 The expansion of the universe

10.5 Looking back to the past

10.6 What we see of the universe

10.7 The evolution of the universe – cosmic background radiation
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1. Relativity and change of reference frame
2. Clock synchronization
3. Identity of energy and mass
4. Relativistic dynamics
5. Spacetime
6. Four-vectors
7. Length contraction or volume changes
8. The two twin paradoxes
9. The flat universe
10. Space as a carrier of waves
11. Horizons
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1. Relativity and change of reference frame

The twin paradox results from the observation of a process in 
different reference frames.

The speed of light is independent of the reference frame.

Lengths and time intervals change when the reference frame is 
changed. 

The simultaneity of two events depends on the reference frame. 
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Saturday, March 30th, 7 p.m.
tomorrow daylight saving time

“This time tomorrow, it’ll be still daylight.“
“Tomorrow at this time it is already 8 p. m..”  

1. Relativity and change of reference frame
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1. Choose a suitable reference system at the beginning, do not 
change it anymore (a matter of course in physics anyway.)

2. “Don’t try to describe motion relative to faraway objects. 
Physics is simple only when analyzed locally.” (Misner, Thorne, 
Wheeler, Gravitation)

1. Relativity and change of reference frame
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2. Clock synchronization

In a curved spacetime, clocks can no longer be synchronized.
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3. Identity of energy and mass

E = k · m

E = m · c2 E ~ c2  ?

k = 9 · 1016 J/kg 

c = terminal velocity
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4. Relativistic dynamics
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E = c · p

E = p 2

2m
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5. Spacetime
2D space spacetime 

(1D space + time)
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5. Spacetime
spacetime 
(1D space + time)

U

V

For the person (watch) who moves free-floating, the 
longest time passes. 

greatest aging

For the person (watch) who moves with (almost) the 
terminal velocity (almost) no time passes. 
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6. Four-vectors

No four-vectors

ds2 = c2dt2 – (dx2 + dy2 + dz2)
4-interval

4-momentum

(cdt, –dx,–dy,–dz)

(E/c, px, py, pz)

No gravitational force, no Newton’s law of gravitation
Bodies don’t move on a world line

Why?

Instead
– Gravitational forces treated classically
– Curvature of 3D-space
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+ +

6. Four-vectors
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+ +

6. Four-vectors

Geodesics in 3D-space
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7. Length contraction or volume changes

a

V = a3

a

V > a3
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Wikipedia:
According to the general theory of relativity, the 
rate of a clock depends on the location in the 
gravitational field and, ….

8. The two twin paradoxes
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GRT characteristic: curved spacetime

Effect already occurs in an homogeneous 
gravitational field.

8. The two twin paradoxes

The field can be transformed away, by 
describing the situation in a free-floating 
system. 
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8. The two twin paradoxes



690.  WE-Heraeus-Seminar, February 2019

1. Relativity and change of reference frame
2. Clock synchronization
3. Identity of energy and mass
4. Relativistic dynamics
5. Spacetime
6. Four-vectors
7. Length contraction or volume changes
8. The two twin paradoxes
9. The flat universe
10. Space as a carrier of waves
11. Horizons



690.  WE-Heraeus-Seminar, February 2019

9. The flat universe



690.  WE-Heraeus-Seminar, February 2019

9. The flat universe



690.  WE-Heraeus-Seminar, February 2019

9. The flat universe



690.  WE-Heraeus-Seminar, February 2019

9. The flat universe

universe is flat.The
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9. The flat universe

It is a surprise that the universe is flat.
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10. Space as a carrier of waves

It was necessary to unmask the words “absolute time”, 
“absolute space” as unproven, unchecked magic prejudices 
of pre-relativist physics.

Newton’s absolute space:

Precursor of modern spacetime

There is an absolute space.
→ There is an absolute spacetime.
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11. Horizons

Hubble radius

light cone

event horizon

particle horizon
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11. Horizons

c-limit
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11. Horizons

time (Gyr)

today
world line of the light from the galaxy, 
that reaches us today

world line of the galaxy

distance (Glyr)
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END


