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k =  9 ·1016J/kgE = k ⋅m
p =m ⋅v

dE = vdp

P = dE
dt

=F ⋅ds
dt

=F (v ) ⋅v = dp
dt

⋅v

dE =v ⋅dp
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k =  9 ·1016J/kgE = k ⋅m
p =m ⋅v

dE = vdp

v = p
m

m = E
k

= p
E /k

= pk
E

dE = kp
E
dp

EdE = kpdp

E *dE *

E0

E

∫ = k p*dp*
0

p

∫
E 2 −E0

2 = kp2
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E 2 −E0
2 = kp2

E0
2 =E 2 −k ⋅p2

Invariante: 
Ruhenergie, Ruhmasse, Masse, 
invariante Masse, innere Energie
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E 2 −E0
2 = kp2

E0
2 =E 2 −k ⋅p2 E 2 =E0

2 +k ⋅p2E = E0
2 +k ⋅p2

J)  

E = k ⋅p

E −E0 ≈
k ⋅p2

2E0

= p2

2m0
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E 2 −E0
2 = kp2 p =m ⋅v = E

k
v E = k ⋅p

v

k 2p2

v 2 =E0 +k ⋅p
2 v = k

E0
2

p2 +k
= k

m0
2 ⋅k 2

p2 +k
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p→∞ v → k =:c

2 Geschwindigkeit in Abhängigkeit vom Impuls

v = k
E0

2

p2 +k
= k

m0
2 ⋅k 2

p2 +k

v (p) = p

m0
2 + p

c
⎛
⎝⎜

⎞
⎠⎟
2
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v (p) = p

m0
2 + p

c
⎛
⎝⎜

⎞
⎠⎟
2

m0 = 0 v = c→
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E 2 =E0
2 +kp2

E = k ⋅mE =m ⋅c 2
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E 2 =E0
2 +c 2p2
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E 2 =E0
2 +c 2p2

m2c 4 =m0
2c 4 +c 2m2v 2

m2c 2 =m0
2c 2 +m2v 2

m2(c 2 −v 2 ) =m0
2c 2

m2 = m0
2c 2

c 2 −v 2

m2 = m0
2

1− v
2

c 2

m = m0

1− v
2

c 2

E = E0

1− v
2

c 2

E =m ⋅c 2
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Körper mit einer Ruhemasse 
m0 = 0 kg bewegen sich 
immer mit der Grenzge-
schwindigkeit c.

4 Die Rolle des Lichts

Licht und…. haben immer die 
Grenzgeschwindigkeit c
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J)  E = E0
2 +c 2p2

E = c ⋅p

Körper mit einer Ruhemasse 
m0 = 0 kg bewegen sich 
immer mit der Grenzge-
schwindigkeit c.
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v = dE
dp
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E = E0
2 +c 2p2

E =m ⋅c 2
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