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STR-postulates: In all inertial frames,

• speed of light is the same,

• principle of relativity is valid.

Lorentz-transformation:

x′ = (x− ut)γ (1)

t′ = (t− β

c
x)γ (2)

β =
u

c
, γ =

1√
1− β2

.

Doppler Shift:

Approaching:

Nonrelativistic: Sound speed = cs,

f ′ = cs+vdet

Tem(cs−vem)
, 1

Tem
= f0

Please derive formulae on velocity addi-

tion, length contraction, time dilation and

Doppler shift for light wave on your own.

Lorentz-transformation in the

matrix form:

• Space-time coordinate transformation


 x′

ct′


 = M(β)


 x

ct


 ,

with M(β) =


 γ −η

−η γ


 , η = βγ

• Boosting an energy/momentum state


 cp

E


 = B(β)


 0

m0c
2


 ,

with B(β) =


 γ +η

+η γ


 = M(−β).

cp = ηm0c
2

E = γm0c
2

E =
√

(cp)2 + (m0c2)2, See text Eq.(36.51)

Kinetic energy:

K = E −m0c
2 NR−→ 1

2
m0v

2


