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Abstract. An observer stationary with respect to the light source measures the frequency to be

f =
c

λ
, where c is the speed of light and λ is the wavelength. If the observer were to move towards

the source at a speed v, he would measure the frequency to be shifted: f ′ =
c′

λ′
, where c′ and λ′

are, respectively, the speed of light and the wavelength in the frame of the moving observer. Two

combinations involving c′ and λ′ are conceivable: (c′ = c+ v; λ′ = λ) and
(
c′ = c; λ′ =

cλ

c+ v

)
. The

wavelength shift suggested in the latter combination is absurd so the equation c′ = c + v from the
former combination has no reasonable alternative: the speed of light does vary with the speed of the
observer, in violation of special relativity. A hypothesis is advanced according to which any shift in
frequency implies shift in the speed of light.

Author bio : I have worked in the field of experimental biochemistry for more than twenty years
but then an irresistible affection for theoretical science ruined my career as an experimentalist. I
have two nice children and that’s about all I can boast of.

1 Introduction

Could we all believe in a proposition as obviously wrong as 2 + 2 = 5? Our self-esteem says ”no”
but the great George Orwell thought otherwise:

”In the end the Party would announce that two and two made five, and you would have to be-
lieve it. It was inevitable that they should make that claim sooner or later: the logic of their position
demanded it. Not merely the validity of experience, but the very existence of external reality, was
tacitly denied by their philosophy. The heresy of heresies was common sense. And what was terrify-
ing was not that they would kill you for thinking otherwise, but that they might be right. For, after
all, how do we know that two and two make four? Or that the force of gravity works? Or that the
past is unchangeable? If both the past and the external world exist only in the mind, and if the mind
itself is controllable what then?” [1]

So let me start with the confession that I feel very much like a heretic in Orwell’s Oceania try-
ing to convince the scientific community that two and two make four, not five. What is terrifying
in his situation is not so much that the Thought Police will sooner or later destroy him - we can
even assume, for the sake of simplicity, that Big Brother is no longer merciless to heretics - but that
the ”proof” will have to obey some scientific standards. Shortcut appeals of the type ”Hey! Don’t
you see? Two plus two is four, not five! It’s obvious!” sound crazy and would not do. Rather, a
full-blooded essay with serious arguments supporting the heresy (2+2 = 4) will have to be presented
to the scientific community if the heretic hopes to have some chance of being taken seriously. This
chance is extremely small of course but even if it weren’t, the overall situation would remain pes-
simistic - it is unquestionable that pet theories based on the fundamental principle 2 + 2 = 5 will
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last and flourish well beyond the heretic’s lifetime.

The reference to Big Brother’s wisdom ”two plus two makes five” contains the hint that something
similar can be found in the science we all learn or teach. Now I have to be clearer. Consider an ob-
server stationary with respect to a light source: the observer sees a light beam passing him at a speed
c. Then the observer starts moving towards the source with a speed v and now sees the beem pass
him at a speed... c+v perhaps? That is going to be our ”common sense” or ”2 + 2 = 4” assumption:

The ”2 + 2 = 4” assumption: The moving observer sees the light beam pass him at a speed c+ v.

Thanks to Einstein, the ”2 + 2 = 4” assumption is almost forbidden nowadays. Rather, a ”2+2 = 5”
assumption is universally adopted and taught. No matter how fast the observer is moving, the speed
of the beam relative to him remains unchanged:

The ”2 + 2 = 5” assumption: The moving observer sees the light beam pass him at a speed c.

Einstein himself had great difficulties in introducing the ”2 + 2 = 5” assumption but he knew he had
to introduce it: for him, no less than for Big Brother, ”the heresy of heresies was common sense”:

”But here he ran into the most blatant-seeming contradiction, which I mentioned earlier when first
discussing the two principles. As noted then, the Maxwell-Lorentz equations imply that there exists
(at least) one inertial frame in which the speed of light is a constant regardless of the motion of the
light source. Einstein’s version of the relativity principle (minus the ether) requires that, if this is
true for one inertial frame, it must be true for all inertial frames. But this seems to be nonsense.
How can it happen that the speed of light relative to an observer cannot be increased or decreased if
that observer moves towards or away from a light beam? Einstein states that he wrestled with this
problem over a lengthy period of time, to the point of despair.” [2]

Needless to say, I am going to show that the ”2 + 2 = 4” assumption is true: If the observer
were to hurry towards the light source, he would see the light waves pass him faster.

2 Inertial (Doppler) systems

To many scientists, especially those whose area of interest is relatively distant from Einstein’s theory
of relativity, the ”2 + 2 = 4” assumption sounds overly obvious, even truistic (that is, it deserves its
name). You rush head-long into the wavefronts and, as a result, the speed of the light waves relative
to you increases. What can be more obvious than that? How can it be otherwise?

Imagine a man standing in the beach water - let the waves pass him at a speed V . This means

that the frequency with which the waves hit the man is f =
V

λ
, where λ is the wavelength, the

distance between adjacent wavecrests. Then the man begins walking out into the ocean, with a
speed v. Accordingly, he now sees the waves pass him at a higher speed:

V ′ = V + v

The frequency he measures is also higher:

f ′ =
V ′

λ
=
V + v

λ
= f

(
1 +

v

V

)
In an analogous scenario, an observer stationary with respect to the light source sees the light waves

pass him at a speed c. The frequency he measures is, accordingly, f =
c

λ
. Then the observer starts
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moving towards the source with a speed v. If the analogy between water waves and light waves is
straightforward, and many textbooks give the impression that it is, the moving observer must see
the waves pass him at a speed higher than c:

c′ = c+ v

Accordingly, the frequency with which the waves hit him is:

f ′ =
c′

λ
=
c+ v

λ
= f

(
1 +

v

c

)
Supporters of Einstein’s theory of relativity (further shortly called ”relativists”) have no problem

with the (Doppler) formula f ′ =
c+ v

λ
(there are relativistic corrections which are negligible if v is

low enough) but refuse to even think of c′ = c + v. Our Civilization has been taught for more than
a century that observers (in a vacuum) always see the light waves pass them at a constant speed,
c = 300000km/s. That is, you rush head-long into the wavefronts, the waves start hitting you more
frequently as a result, and yet, contrary to any common sense, you see no sign of the waves passing
you faster. All your observations and measurements unexceptionally give c′ = c = 300000km/s.
Puzzled, you accelerate even more, the waves are now hitting you even more frequently... but the
miracle persists: the waves keep passing you at the same constant speed of c′ = c = 300000km/s.

This is absurd of course but relativists couldn’t care less and elaborate. On the one hand, the
variable relative speed c′ = c + v is invisible to the moving observer (he should always see c′ = c).
On the other, relativists admit that the variable relative speed is perfectly visible to an observer
stationary with respect to the light source. That is, relativists regard the following statements as
true:

As judged by the stationary observer, the relative speed of the moving observer and the light waves is
c′ = c+ v.

As judged by the stationary observer, the frequency with which the waves hit the moving observer

is f ′ =
c′

λ
=
c+ v

λ
.

For comparison, let us introduce a stationary observer in the ocean waves scenario. The truth-
fulness of the following statements is beyond question:

As judged by the stationary observer, the relative speed of the moving observer and the ocean waves
is V ′ = V + v.

As judged by the stationary observer, the frequency with which the waves hit the moving observer

is f ′ =
V ′

λ
=
V + v

λ
.

So far I have introduced four observers - a stationary and a moving one in the ocean waves sce-
nario and a stationary and a moving one in the light waves scenario. In the reference frames of
the first three of them the relative speed of the moving observer and the waves unquestionably
varies with the speed of the observer (that is, the formulas V ′ = V + v and c′ = c + v are correct)
and the frequency with which the waves hit the moving observer varies accordingly (the formulas

f ′ =
V ′

λ
=
V + v

λ
and f ′ =

c′

λ
=
c+ v

λ
are correct).

The fourth observer, however, the one who moves into the light waves, is doomed to live in a
different world built for him by special relativity. On the one hand, he is allowed to see the same

increased frequency, f ′ =
c+ v

λ
, that his stationary colleague sees. On the other, any variation of
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the speed of the light waves is forbidden in his world. That is, the moving observer should see an
invariance where anybody else sees an obvious variation. In such cases it is worth quoting Ignatius
of Loyola’s famous principle:

”That we may be altogether of the same mind and in conformity with the Church herself, if she
shall have defined anything to be black which appears to our eyes to be white, we ought in like man-
ner to pronounce it to be black.”

Clearly, the following paraphrase is quite relevant to the fourth observer’s situation:

If special relativity shall have defined the speed of light to be constant which appears to the mov-
ing observer’s eyes to be variable, the moving observer ought in like manner to pronounce it to be
constant.

Let us assume that the man moving in the sea water can easily measure the frequency with which the
waves hit him but has difficulties in measuring their speed. This makes him nervous for a while but
then an insight comes up: The frequency is always proportional to the speed, that is, both equations

f =
V

λ
and f ′ =

V ′

λ
are true. So by measuring the frequency the man in fact measures the speed,

provided the proportionality factor is known. Eventually the man finds it suitable to express his
insight by the following valid conditional:

If my measurements show that the frequency has shifted from f to f ′ =
V + v

λ
, then the speed of

the waves relative to me has shifted from V to V ′ = V + v.

By definition, for any (valid) conditional the combination ”antecedent true, consequent false” is im-
possible. In this particular case we can even interpret the consequent as the cause and the antecedent
as the effect. So saying that the combination ”antecedent true, consequent false” is impossible is

tantamount to saying that the effect, the frequency shift from f to f ′ =
V + v

λ
, will not take place

if the cause, the shift in the relative speed from V to V ′ = V + v, is absent.

Inspired by textbooks where the analogy between water waves and light waves is presented as straight-
forward, the observer moving into the light waves advances his own conditional:

If my measurements show that the frequency has shifted from f to f ′ =
c+ v

λ
, then the speed of

the light waves relative to me has shifted from c to c′ = c+ v.

Vigilant relativists immediately fight back. This conditional, although valid in the eyes of the sta-
tionary observer, is invalid in the world of the moving observer, they declare. The combination
”antecedent true, consequent false” is not just possible - it is the only possible combination the mov-
ing observer is entitled to consider. True, vigilant relativists admit, both the stationary observer and

the moving observer see the same frequency shift - from f to f ′ =
c+ v

λ
. True, relativists further

admit, the stationary observer’s conviction that the relative speed (between the light waves and the
moving observer) shifts from c to c′ = c+ v is correct. In this sense the stationary observer, just like
his two colleagues on the beach, would be right to regard the frequency shift as a measure of the shift
in the relative speed and claim that the latter shift is the cause of the former. However relativists’
tolerance abruptly ends when the moving observer in the light waves scenario expresses his desire to
join his three colleagues in their conclusion that the frequency shift is a measure of the shift in the
relative speed. ”You cannot join your colleagues,” relativists explain to the fourth observer, ”because
the shift in the relative speed only exists for them, not for you. Your stationary colleague is correct
in regarding the equation c′ = c+ v as true and the equation c′ = c as false. However your world is
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different - in it, c′ = c + v is false and c′ = c true. Remember: for you, c′ = c + v is false, c′ = c is
true, and that’s that!”

If vigilant relativists are right, some new cause, different from the original one (the shift in the
relative speed), must have produced the effect (the frequency shift) in the moving observer’s world.
(In the stationary observers world the original cause remains actual.) This new cause, absurd or not,

can only be defined in terms of a wavelength shift. Indeed, the ubiquitous formula f =
c

λ
implies

that, if c is invariable, the variation in frequency can only be explained in terms of variation in

wavelength: f ′ =
c′

λ′
=

c

λ′
. So the dogma c′ = c, combined with the unquestionable Doppler formula

f ′ =
c+ v

λ
, leads to three important implications:

Implication 1: The wavelength of light, as seen by the moving observer, varies with the speed
of the moving observer. (Remember that this variation remains invisible to the stationary observer:
he sees a variable relative speed and a constant wavelength.)

Implication 2: According to the moving observer, the frequency shift can only be caused by the
wavelength shift. (According to the stationary observer, the frequency shift is caused by the shift in
the relative speed.)

Implication 3: In the world of the moving observer, the wavelength varies so as to cause the
selfsame shift in frequency that in the world of the stationary observer is caused by the shift in the
relative speed.

Implication 1 naturally leads to the following paraphrase of Ignatius of Loyola’s principle:

If special relativity shall have defined the wavelength of light to be variable which appears to the
moving observer’s eyes to be constant, the moving observer ought in like manner to pronounce it to
be variable.

Implication 3 sounds like a silly joke. The stationary observer is allowed to see both the effect,

the frequency shift from f to f ′ =
c+ v

λ
, and its cause, the shift in the relative speed from c to

c′ = c+ v. The moving observer is allowed to see the effect but not the cause. To fill the gap, he has
to devise a different cause for exactly the same effect. This is worth repeating:

• In the world of the stationary observer, there is a shift in the relative speed which causes the

frequency measured by the moving observer to shift from f to f ′ =
c+ v

λ
. There is no wavelength

shift.

• In the world of the moving observer, there is no shift in the relative speed. Rather, there is a

wavelength shift which, (as if) by a miracle, causes the frequency to shift, again, from f to f ′ =
c+ v

λ
.

The variation of the wavelength with the moving observer’s speed, even though absurd from a
physical point of view, is easy to derive. Let us assume that, initially, the source of light is fixed and
the observer is fixed as well (the distance between them is constant). The speed of light as measured

by the observer is c so in time t,
ct

λ
wavecrests pass the observer. Accordingly, the frequency as

measured by the observer is:

f =
c

λ

5



Then the observer starts moving towards the source with speed v. This adds another
vt

λ
to the

number of wavecrests hitting him in time t - the measured frequency changes accordingly:

f ′ =
c

λ
+
v

λ
=
c+ v

λ

On the other hand, the frequency, wavelength and speed of light as measured by the moving observer
are related in the following way:

f ′ =
c′

λ′

Combining the two expressions for f ′ gives either:

c′ = c+ v; λ′ = λ

which coincides with the stationary observer’s conclusions, or:

c′ = c; λ′ =
cλ

c+ v

which is what the moving observer is to hallucinate. So if the moving observer, compelled by rela-
tivists, were to replace his ”invalid” conditional with a ”valid” one, he would have no choice but to
state:

If my measurements show that the frequency has shifted from f to f ′ =
c+ v

λ
, then the wave-

length of light has shifted from λ to λ′ =
cλ

c+ v
.

Somewhat surprisingly, neither the formula λ′ =
cλ

c+ v
nor its derivation can be found in the rel-

ativistic literature. The reason is almost obvious. Were the formula to be officially recognised,

antirelativists would immediately object that it has no physical justification. λ′ =
cλ

c+ v
is just an

unfortunate but unavoidable byproduct in the process of reconciliation between the true equation

f ′ =
c+ v

λ
and the false dogma c′ = c. (Similarly, at the end of the 19th century, FitzGerald and

Lorentz had to procrusteanize lengths parallel to the direction of the motion so that the null result
of the Michelson-Morley experiment could be reconciled with the ether theory’s false tenet that the
speed of light is independent of the speed of the light source.)

The stationary observer in the light waves scenario can play the role of a judge. Special relativ-
ity implies that the moving observer sees an important shift in wavelength but the suspicion is that
this shift simply does not exist - relativists are making it up in order to perpetuate the falsehood
c′ = c. On the other hand, both relativists and antirelativists agree that the stationary observer’s
conclusions are correct. So were the stationary observer to confirm the existence of the important
wavelength shift, antirelativists would have to acknowledge defeat. Unfortunately (for relativists),
the stationary observer persistently denies the existence of the wavelength shift. He always sees a
shift in the relative speed (c becomes c′ = c+v), and correctly concludes that this shift is the natural
cause of the frequency shift measured by the moving observer. (Evidently the stationary observer is
not a devout relativist - if he was, he would have strained his imagination and somehow noticed the
nonexistent wavelength shift.)
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3 Non-inertial systems

The title of the essay is sufficiently justified insofar as the wavelength cannot both vary in the moving
observer’s world and remain unchanged in the stationary observer’s world. How about non-inertial
systems? Am I entitled to say ”shift in frequency implies shift in the speed of light” as I contemplate
light falling in a gravitational well?

The following scenario will prove helpful. Let a javelin graduated in centimeters be thrown down-
wards, with an initial speed V , from the top of a tower. The centimeter marks pass (an observer at)
the top of the tower with frequency f :

f =
V

λ

where λ is the distance (1 cm) between adjacent marks (needless to say, this distance is to mimic
the wavelength). What are the speed of the marks V ′, the frequency f ′ and the ”wavelength” λ′ as
measured by an observer on the ground? The answer is obvious:

V ′ = V
(

1 +
gh

V 2

)
= V + v

f ′ = f
(

1 +
gh

V 2

)
=
V + v

λ

λ′ = λ

where v = V ′ − V is the increase in the speed of the javelin. (The derivation of V ′ draws on the
auxiliary assumption V � (V ′ − V ).)

Now let the top of the tower emit a light pulse towards the ground. Will the pulse suffer the
same acceleration as the javelin? Judging from the following quotation (and there are numerous
equivalent statements in the literature) the answer ought to be ”yes”:

”If we accept the principle of equivalence, we must also accept that light falls in a gravitational
field with the same acceleration as material bodies.” [3]

Of course quotations like this one prove nothing but still they provide moral support to someone
(myself in this case) advancing the following variable-speed-of-light (VSL) assumption:

The VSL assumption : As light falls in a gravitational well, its speed increases just like the speed
of ordinary material objects.

On this assumption the observer on the ground measures the speed, the frequency and the wave-
length of the light pulse to be:

c′ = c
(

1 +
gh

c2

)
= c+ v

f ′ = f
(

1 +
gh

c2

)
=
c+ v

λ

λ′ = λ

These equations belong to Newton’s emission theory of light. It should be noted, however, that

Einstein explicitly used the equation c′ = c
(

1 +
gh

c2

)
in 1911. (Then, in the final version of general
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relativity, the speed of light became, as it were, even more variable - Einstein added a factor of 2 on
the potential term.[4])

The frequency shift
f ′ − f
f

=
gh

c2
is exactly the one Pound and Rebka measured in 1960. This

means that the VSL assumption can be regarded as experimentally confirmed, provided the equation
λ′ = λ is true. In other words, if, as light falls, the wavelength remains unchanged, the shift in
frequency does imply shift in the speed of light and the title of the essay is justified for non-inertial
systems as well.

Now the crucial question is: Is λ′ = λ true? Let us assume it is not, that is, the wavelength
measured at the ground is different from the starting wavelength measured at the top of the tower:
λ′ 6= λ. But this variation of the wavelength, whatever its cause and nature might be, would make
the falling light scenario essentially different from the javelin scenario where the ”wavelength” re-
mains unchanged. How then could the frequency shift be exactly the same in the two scenarios? Of
course it cannot: the assumption that, in the falling light scenario, λ′ is different from λ, leads to an
implication which, just like Implication 3 above, sounds like a silly joke:

Implication for falling light : As light falls in a gravitational well, the wavelength varies so as

to produce a frequency shift,
f ′ − f
f

=
gh

c2
, identical to the frequency shift,

f ′ − f
f

=
gh

V 2
, produced

in the javelin scenario where the ”wavelength” is invariable.

I am not going to analyse non-inertial systems any further, and the reason is simple: the equiv-
alence principle makes any argument relevant for intertial (Doppler) systems equally applicable to
non-inertial systems. The following quotation provides a clue as to how the equivalence can be es-
tablished:

”Imagine a pulse of light emitted downward from the top of a cliff just as a diver jumps. By the
time the light reaches the ground, the diver will have gained speed and will regard a detector stationed
on the ground as moving upward. According to the diver, the light source was stationary when it
emitted the pulse, but the detector is racing upwards toward the light pulse at the moment of detec-
tion. So the detector should see the light’s frequency increased by the Doppler effect.” [5]

The ”diver” is equivalent to the stationary observer in the Doppler effect scenario - that observer
failed to see any wavelength shift but correctly defined the shift in the relative speed. The ”detector”
is equivalent to the moving observer in the Doppler scenario - the one who was forbidden to even
think of varying relative speed and had to hallucinate a wavelength shift in order to explain the
observed frequency shift. So if my arguments have convinced the reader that, in the Doppler effect
scenario, the wavelength shift is fictitious and λ′ is always equal to λ, the same degree of conviction
must automatically be reached when light falling in a gravitational well is considered.

4 Conclusion

Now I think I am justified to close the essay with the following hypothesis (I am calling it ”hypoth-
esis” because it goes beyond the material discussed in this essay and implicitly covers the behaviour
of light travelling through intergalactic space):

The wavelength of light at reception is always equal to the starting wavelength (at emission): λ′ = λ.

Therefore, in accordance with the formula f =
c

λ
, any measurement of the frequency shift is in fact

a measurement of the shift in the speed of light.
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