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The frequency of sound is always different in a different inertial reference frame. The Doppler effect
for sound wave and electromagnetic wave is not identical. The main difference is the transmission
medium. The wavelength changes if the rest frame of the wave source is different from the rest
frame of the transmission medium. Without the medium, the wavelength is invariant in inertial
reference frames. The Doppler effect for sound, water, and electromagnetic wave depends on the
transmission medium.

I. INTRODUCTION

Doppler effect[1] was proposed by Christian Doppler
in 1842. The hypothesis was tested for sound waves by
Buys Ballot in 1845. The sound pitch was confirmed to
be higher than the emitted frequency when the sound
source approached. However, sound transmission is dif-
ferent from light transmission.

Woldemar Voigt published a paper[2], ”On Doppler’s
Principle”, in 1887. Voigt speculated the homogeneous
wave equations to be covariant in inertial reference
frames. In order to apply Doppler effect to the wave
equations, Voigt proposed the invariance of the velocity
of light in inertial reference frames. His resulting space-
time transformation was mostly ignored.

Voigt’s speculation on Doppler effect was indeed a mis-
take. Unwittingly, Einstein copied the erroneous specu-
lation from Voigt into the theory of relativity without
knowing its dire consequence.

II. PROOF

A. Stationary Wave

A stationary wave displays no frequency nor velocity
to a stationary observer. To a moving observer the same
wave will appear to move and exhibit frequency.

The relative motion between the rest frame of the wave
and the rest frame of the observer determines both the
velocity and the frequency of the wave. Let F1 be the
rest frame of the stationary wave. Let F2 move at the
velocity of -V relative to F1.

Table I shows the observation of the stationary wave
by a stationary observer in each frame.

TABLE I. Stationary Wave

Frame Velocity Frequency Wavelength
F1 0 0 λ

F2 V | V
λ
| λ

The wavelength is invariant in both F1 and F2 but the
frequency varies with the reference frame.

B. Water Wave

A wave can be formed on the surface of water by the
vertical vibration of a buoy.

Let F1 be the rest frame of both water and the buoy.
The velocity of the wave is a function of the density and
the depth of the water and is independent of the vertical
vibration of the buoy.

Let Vw be the horizontal velocity of the wave. The
wavelength is λ0. The frequency of the wave to any sta-
tionary observer relative to F1 is

f0 =| Vw
λ0
| (1)

The frequency is determined by the vertical vibration
but not the horizontal movement of the buoy. Let the
buoy move at the horizontal velocity of Vs relative to F1.
The wavelength becomes

λ =| Vw − Vs
f0

| (2)

The wavelength has changed because the rest frame of
the wave source becomes different from the rest frame of
the transmission medium. From equations (1,2), the new
frequency appears to be

f1 =| Vw
λ
| = f0 |

Vw
Vw − Vs

| (3)

However, the wavelength is independent of the move-
ment of the observer[3]. Let F2 be the rest frame of the
observer and move at the velocity of Vo relative to F1.
The relative velocity of the wave to the observer accord-
ing to velocity transformation[3] is

V = Vw − Vo (4)

From equations (2,4), the new frequency to the observer
is

f2 =| V
λ
| = f0 |

Vw − Vo
Vw − Vs

| (5)

Table II shows the observation of the water wave by
a stationary observer in each frame. This is known as
Doppler effect proposed by Christian Doppler and veri-
fied with sound wave.
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TABLE II. Buoyancy Wave

Frame Velocity Frequency Wavelength

F1 Vw f0 | Vw
Vw−Vs

| λ

F2 Vw − Vo f0 | Vw−Vo
Vw−Vs

| λ

C. Electromagnetic Wave

Unlike water wave which requires water for transmis-
sion, the electromagnetic wave requires no transmission
medium.

Let F1 be the rest frame of the electromagnetic wave.
The wave displays no frequency nor velocity to a station-
ary observer in F1. The relative motion between the rest
frame of the wave and the rest frame of the observer de-
termines the velocity and the frequency of the wave to
the observer.

However, the wavelength of a stationary wave is in-
dependent of the movement of the observer[3]. Let the
wavelength be λ.

Let F2 be the rest frame of the observer and move
at the velocity of V relative to F1. The frequency to a
stationary observer in F2 is

f2 =
| 0− V |

λ
=| V

λ
| (6)

Let another inertial reference frame F3 move at the
velocity of −Vc relative to F1. The frequency to a sta-
tionary observer in F3 is

f3 =
| 0− (−Vc) |

λ
=| Vc

λ
| (7)

The relative velocity between F3 and F2 is Vc + V ac-
cording to velocity transformation[4].

Table III shows the observation of the electromagnetic
wave by a stationary observer in each frame.

TABLE III. Electromagnetic Wave

Frame Velocity Frequency Wavelength
F1 0 0 λ

F2 −V | V
λ
| λ

F3 Vc | Vc
λ
| λ

In modern physics, all electromagnetic waves are emit-
ted at the velocity of Vc in F3, the rest frame of the wave
source.

D. Error In Relativity

The wavelength changes only if the rest frame of the
wave source becomes different from the rest frame of the
transmission medium. For example, sound and water
wave. The wavelength can not change if there is no trans-
mission medium. For example, light and electromagnetic
wave.

All 3 tables show that the wavelength is invariant in
inertial reference frames while the velocity and the fre-
quency vary with the reference frame.

In 1887, Voigt made a mistake by assuming the velocity
of sound to be invariant in inertial reference frames. He
applied the same mistake to light by assuming that light
travels at constant speed through some incompressible
medium which was called ether[5] by the contemporary.

In 1905, a copycat known as Albert Einstein copied
Voigt’s idea of invariant velocity of light into his paper,
”Zur Elektrodynamik bewegter Krper”[6]. By assuming
the velocity of light is invariant in all inertial reference
frames, Einstein attempted to derive Lorentz transfor-
mation. The derivation was achieved because Voigt had
already proved it.

Few scientists understand that invariant velocity of
light originates from Voigt, not from Einstein. Voigt’s
misunderstanding of Doppler effect was copied by Ein-
stein into the theory of relativity and all the way into
modern physics.

III. CONCLUSION

Sound wave transmits through air. The rest frame
of air can be different from the rest frame of the sound
source. Hence, the wavelength can be changed by the
motion of the wave source. Electromagnetic radiation
requires no transmission medium. Hence, the wavelength
of light can not be changed by the motion of the light
source.

Voigt had mistakenly identified sound transmission
with light transmission. He did not understand that the
wavelength can vary only if the rest frame of the wave
source is different from the rest frame of the transmission
medium.

Voigt’s mistake was copied by Einstein into the the-
ory of relativity. Until 2020, the mistake still remains
in modern physics. Few physicists realize that the ve-
locity of light depends on the choice of inertial reference
frame[3]. The legend of this mistake started with Voigt’s
misunderstanding of Doppler effect.

Without any verification, physicists and astronomers
continue to assume a new wavelength from the Doppler
effect for light.
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