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Astronomers use the Doppler-shifted absorption (dark) lines in the spectra of moving astronomic bodies 

to measure their radial velocities with respect to the Earth. A dark line, however, is the absence of radiation. 
How, then, can it be red-shifted or blue-shifted in any sense? This paper investigates this problem trying to 
comply with QM, and with both, the classical Doppler Effect and its relativistic version.  For relativity this is the 
problem: the Doppler-shifted dark lines are produced by absorption in the atmosphere of the selfsame star that 
emits the radiation. So it looks like a Doppler shift without relative motion. For QM the problem is how to 
harmonize the frequency shift with Planck’s quantum relation, E=hf, where the frequency f is uniquely defined 
by a given energy level of a given atom in a stationary frame of reference. How can it be Doppler-shifted, by the 
macroscopic motion of the atom?  Between 1918 and 1932, Bohr, Schroedinger, Dirac, and Fermi studied a 
similar problem, developing a quantum theory of the Doppler Effect. They criticized and improved what each 
other said. Yet, in this paper preference will be given to the complete classical version of the Doppler formula, 
explained as a double Doppler Effect with time difference between emission and reception. A “bonus” 
prediction of the paper is a non-relativistic diffraction experiment in which the cosmic motion of the Earth 
might be detected. 

 

1. Introduction 

The Doppler Effect has been a standard technique used by as-
tronomers for decades to measure the radial velocity of astro-
nomic bodies relative to the Earth. Most of the times, if not al-
ways, the spectral lines coming from the moving body are ab-
sorption (Fraunhofer) dark lines which, according to the Doppler 
Effect, are seen to be red-shifted or blue-shifted.  This seems to be 
a perfectly understandable occurrence, just like emission lines 
would be red or blue-shifted if they could be obtained from the 
body in question. There is, however, a great difference between 
shifting an emission (bright) line and shifting a (dark) absorption 
one. For one thing, the dark line indicates the practical absence of 
radiation at the specific wavelength observed. When and how 
can this absence of radiation be Doppler-shifted?  A standard 
answer at the elementary level, given by an educational website 
(hereon Web1) to a questioning student, reads as follows [1]: 

“Imagine an absorption line in the spectrum of a star. To its 
right and left in the spectrum are bright emissions, which get shifted 
by the Doppler Effect due to the relative motion between the star 
and us, [both] in the same direction (to the red or the blue). Would 
the dark gap between them shift the same way?    It would, if the 
dark absorption feature is caused by gas at the star”. 

The problem with this answer is that it does not describe the 
crucial detail: when is the absorption line produced by the “gas 
at the star”? It “imagines” that it has already occurred. To be 
specific, suppose that the dark line is a Hydrogen alpha line, (λ = 
656 nm), that appears shifted to 670 nm on account of the star 
receding from us at 6403 km/sec. The absorption will occur at 
the star’s atmospheric gas which might be rich in hydrogen gas. 
Since a hydrogen atom can emit or absorb the Hα line only at 
exactly 656 nm wavelength, according to QM, one must accept 

that the absorption was made at this precise wavelength, leaving 
a “dark hole” between 655 and 657 nm. Then, these two 
neighboring wavelengths are said to be Doppler shifted to 669 
and 671 respectively, making the dark line appear at 670 nm.   

This language, however, requires that the Doppler shifting 
occurs after absorption takes place. Otherwise if the 656 photons 
had shifted to 670 before absorption takes place, the H atoms 
would not be able to absorb those 670 photons to produce the 
dark line. That would violate QM.  

So we see that the answer requires a Doppler shift after 
absorption takes place at the atmospheric layers. But this goes 
contrary to the actual occurrence: the atmospheric layers do not 
emit any line to be shifted later.  The Doppler shift starts 
occurring immediately at the moment of emission by the star and 
before that emission hits the atmosphere. The 656 photons are 
“born” (so to speak), and immediately red-shifted to 670 nm, at 
the dense star itself.  They traverse all places between the star 
and its atmosphere, as well as all along the distance to Earth, in 
their Doppler shifted condition. So the given answer does not 
explain how can the 656 photons, already shifted to 670 nm, be 
absorbed by the H atoms. They cannot, lest QM be violated. 

To try to disentangle this problem and to be more specific let 
us refer to the two basic scenarios in which absorption of spectral 
lines usually occur in astronomy. 

2. A Singly Moving Nebula 

The first scenario is the case of a nebula, (say, a cloud of 
hydrogen gas) that is interposed between Earth and a very 
distant bright source, a quasar for example, (see Figure 2-1,a).  
First assume that the cloud is not moving relative to the Earth. 
White radiation coming from the quasar will contain, say, 
photons with λ=656 nm, corresponding to the well-known Hα 
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line. These photons, then, can be absorbed by the H cloud, in 
which case the spectrum seen on Earth will look like a 
continuous rainbow with a dark line precisely at 656 nm. This 
case presents no problem and is identical to the absorption lines 
produced by the (radially unmoving) solar atmosphere, as 
originally discovered by Fraunhofer in 1814. 

 

Fig. 2.1. Light from a quasar (Q) passing through a hydrogen nebula 
(H) reaches Earth (E); (a) cloud at rest; (b) cloud receding from Earth 

Suppose now that the cloud is moving, say, to the left in 
Figure 2-1b, receding from Earth at a speed of 6403 km/s. Then 
the dark absorption 656 line is seen shifted to the red, (or at least 
that is the standard interpretation of the shift) appearing as a 
dark line at 670 nm. This dark line cannot be the result of 
Hydrogen in the cloud directly absorbing photons at 670 nm lest 
QM is entirely violated. So, how can hydrogen produce an 
absorption at 670 nm? 

An explanation could be the following: as the cloud moves 
towards the quasar, it “perceives” (if we can speak that way) a 
shrinking Doppler Effect. That is, if an observer were traveling 
with the cloud he would see all wavelengths shifted to the blue. 
The 656 nm would appear as 642 to him (and to the cloud) and, 
as such, this wavelength could not be absorbed anymore by the 
H atoms. But by the same token, the 670 nm photons from the 
quasar will appear lowered to 656 photons and thus 
“transformed” they can be absorbed by the H atoms. Hence, the 
observers on Earth will see a dark absorption line at 670 nm, in 
spite of the fact that the H atoms are absorbing those photons at 
656 nm as they should. This explanation implies a rarely 
mentioned interplay between macroscopic (Doppler) motions 
and quantum mechanical processes. We will expand this point in 
the Discussion. Let us now look at the more difficult scenario 
when the absorbing gas and the emitting star are moving 
together as mentioned in the Introduction. 

3. A Star and Its Absorbing Atmosphere 
Here the source of light is a star and the absorbing gas is the 

atmosphere of the selfsame star.  Can we use the same explana-
tion here as in the case of the singly moving nebula? For the 
moving nebula we saw that the Doppler shift occurs because the 
nebula is moving not only relative to the Earth, but also relative 
to the source of the light it was absorbing, (the distant quasar). 
Now in the case of the emitting star and its co-moving atmos-
phere, there is no such relative motion. Source and absorber are 
moving together. And yet a Doppler shift occurs, proportional to 

the velocity of the star/atmosphere system relative to us. So, 
where is the Doppler occurring?  

Let us try three possible approaches to answer this question 
namely, a classical one, a relativistic one and the one described in 
the Introduction (by Web1) which is like a hybrid of classical and 
relativistic ideas. 

3.1. The Classical Approach 

In line with the rather classical explanation given above for 
the singly moving cloud we shall recall that classical Doppler 
theory depends on both, the velocity of the emitter, VE,  and of 
the detector, VD, according to: 
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where λ0  and λ’ are the normal and the Doppler shifted wave-
lengths, respectively;  c is the speed of light,  and the velocities 
are referred to a common frame of reference, (for example, the 
solar system, or the Galaxy, etc). In recent years, specially since 
2003, the CMBR [2] has been gaining more and more acceptance 
as a universal frame of reference.   

The double signs in Eq. (3.1) are usually prescribed saying 
that the upper ones should be used when emitter and detector 
are approaching each other, (λ’ decreases with respect to λ0), and 
the lower ones when they are separating from each other, (λ’ 
increases with respect to λ0). 

Since in the star/atmosphere system both velocities are the 
same,  (VE = VD), one is tempted to say, from Eq. (3.1), that the 
classical Doppler Effect is zero, just as in the case of the Relativis-
tic Doppler formula which depends only upon the relative veloc-
ity between E and D, namely, VED.  But here is the important 
point: one could say that, the net Doppler Effect will be zero, yes, 
but this “zeroing” effect given by the formula does not happen 
instantaneously. The formula ignores the dramatically important 
time difference between the moment of photon emission at the 
emitter (the star) and the moment of photon reception at the de-
tector (the atmosphere).    Unfortunately all Doppler formula-
tions totally ignore this time difference.  This means that if, say, a 
train of waves just radiated by an emitter that has a velocity VE 
receding from the Earth must be enlarged from λ0 to λ’ according 
to the numerator of Eq. (3.1) taken with a + sign, that enlarge-
ment will certainly happen. And it will happen regardless of the 
fact that when the same train of waves reaches the detector some 
time later they will have to “go back” from λ’ to λ0 on account of 
the denominator of Eq. (3.1) which contains a velocity VD also 
receding from the Earth, but approaching the wave train, so that 
the denominator must be used with the + sign as in the numera-
tor. In other words, the numerator and the denominator of Eq 
(3.1) yield a unity factor but only after a time interval between 
emission and reception. In short: they do not reflect a simultane-
ous (canceling) event in both. 

There is room here, then, to explain the Doppler shift occur-
ring between the star and its atmosphere in spite of the lack of 
relative motion between them. Figure 3.1a conveys the basic 
ideas of this approach.  

Just as in the case of the singly moving cloud, where the H 
atoms absorbed Doppler-shifted photons, now the atmospheric 
H atoms of the star also absorb Doppler-shifted photons, but the 
process goes in the opposite direction. In the singly moving H 
cloud, 670 nm photons were “shrunk” to 656 by the cloud’s mo-
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tion towards a fixed (quasar) source and were subsequently ab-
sorbed as effective 656 photons.  

In contrast, in the stellar/atmosphere system, the H atoms in 
the atmosphere absorb 656 photons that were initially 
“stretched” to 670 nm by the receding star, (this is the solid line 
670 waves in the figure). Then the H atoms, moving against the 
light, blue-shift the 670 photons back to 656 ones. The figure 
shows these “re-constructed” 656 photons “seen” by the H atoms 
as dotted waves. But these dotted waves do not really exist be-
tween the star and its atmosphere. They are “received” by the H 
atoms exactly at that effective wavelength just when they collapse 
during the absorption process as envisaged by QM. 

Thus, even though the H atoms “swallow” Doppler-
reconstructed 656 photons the dark line that is observed on Earth 
corresponds to the 670 nm wavelength since, precisely, these are 
the real photons existing between the star and the atmosphere as 
produced by Doppler stretching and which are suppressed by 
the H atoms after Doppler “shrinking” and subsequent absorp-
tion. 

Needless to say, the absorbed 670 (656) photons are imme-
diately re-emitted in all directions by the H atoms. This subse-
quent scattering process is what weakens the residual 670 radia-
tion that finally find its way to Earth. Hence, this radiation is 
perceived as a (relatively) dark line on the spectrograms. 

 
Fig. 3.1.  Classical and Relativistic Views

3.2. The Relativistic Picture 

In contrast to the previous explanation Relativity theory abso-
lutely denies the existence of any Doppler Effect between the star 
and its atmospheric “detector”. This is a consequence of the rela-
tivistic Doppler formula: 
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where the relative velocity, VED, is obviously zero for the star and 
its co-moving atmosphere. As shown in Figure 3.1b, the solid line 
656 wave is what relativity considers as existing between the star 
and its atmosphere. 

If that is the case, then the H atoms would absorb the 656 
photons and a dark line should appear on Earth at the 656 wave-
length. How, then, can Relativity theory explain the absorption of 
the 670 Doppler shifted waves? Where and how do the absorbed 
656 photons “jump” to 670 to appear as a dark line at this bigger 
wavelength?  The explanation given by Web1 mentioned in the 
Introduction is, actually, not a relativistic explanation. But it 
seems relativistic in the sense that the shift to 670 is not attributed 
to the dark line itself but to the neighboring ones, 655 and 657, 
which will “jump” to 669 and 671 respectively, leaving a “hole” 
at 670. (We will see more of this idea below). 

To obtain a positive relativistic Doppler shift, Eq. (3.2) has to 
be used reinterpreting that VED is not the relative velocity be-

tween star and its atmosphere (which is obviously zero), but be-
tween the whole star/atmosphere system and Earth. Then, yes, 
taking Vstar/Earth = 6403 km/s for VED in the formula we get λ’ = λ0 
x 1.02157604 = 670.15 nm which is close enough to the classical 
prediction of 670.00 nm, at least for the present purposes. 

Thus, Relativity theory has a dual answer, as usual: there is 
no Doppler shift between the star and its atmosphere, but there is 
a Doppler shift between the star/atmosphere system and the 
Earth. So in the space between the star and its atmosphere there 
IS a Doppler shift of the waves for terrestrial observers (they get 
longer), but there is NO such a shift for the “atmospheric” ob-
servers co-moving with the star.  Normally this duality or ambi-
guity is of no concern to the theoreticians since they do not care 
as to what “really exists” in the physical world, but only to what 
is “measurable” and “detectable”. But the problem here is that in 
this case we seem to be capable of detecting and measuring, here 
on Earth, what an observer co-moving with the star (its atmos-
phere) is not only “observing” and “detecting” but even “pro-
ducing”, which is a Doppler-shifted light absorption process. 

At the end it does not seem that Relativity can solve the 
present problem (see Discussion). Let us see the “hybrid” solu-
tion of the website Web1. 

3.3. The Elementary Explanation 

The elementary explanation given by Web1 described in the 
Introduction amounts to saying that the 656 absorbed photons 
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are in no way Doppler shifted since, obviously, one cannot shift 
an “absence” of light. It is, rather, all the rest of the emitted wave-
lengths which are Doppler shifted as soon as the receding star 
emits them. This includes the neighboring wavelengths of 655 
and 657 which at VE = 6403 km/s will be Doppler-shifted to 669 
and 671 nm respectively, thus leaving a “hole” at 670 nm. This 
“hole” is, in essence, the “shifted absorption line” that astrono-
mers see and use to know that the star is moving away. 

This “explanation”, however, still does not explain why the 
656 photons are not Doppler shifted (so that they can be ab-
sorbed by the H atoms), and yet, all the rest of the emitted (rain-
bow) radiations are Doppler shifted as soon as they leave the 
receding star. 

So it seems that Web1’s solution suffers from the same ambi-
guity and duality as the Relativistic approach seen above. There 
is like a “double standard” here: between the star and the absorb-
ing atmosphere there is no Doppler change for the 656 photons; 
yet, for all other continuous radiations there is a Doppler change 
in that same region. 

To show more specifically why this is an inconsistent “expla-
nation” let us calculate the Doppler shifts at Vstar/Earth = 6403 
km/s receding from Earth for all the relevant wavelengths, in-
cluding the limits of the visible range (400 to 700 nm). 

Table 1 below, shows, in the 2nd column, the un-shifted or 
natural wavelengths (λ0 in nanometers) that have been selected 
as relevant for the present study. 

 
Entry 
Num. 

 
λ0 

(nm) 

Type 
of 

shift 

λ’(nm) 
3 significant 

figures 

λ’(nm) 
classical  
Eq.(3.1) 

λ’(nm) 
relativistic  

Eq.(3.2) 
1 400.0 red 409 408.5 408.6 
      

2 642.3 red 656 656.0 656.2 
      

3 655.0 red 669 669.0 669.1 
4 656.0 red 670 670.0 670.2 
5 657.0 red 671 671.0 671.2 
      

6 670.0 blue 656 656.0 656.0 
      

7 700.0 red 715 714.9 715.1 

Table 1.  Summary of relevant Doppler-shifted wavelengths at Vstar = 
6403 km/s (receding) 

Column 3 specifies the type of shift (mostly red) and the last 
three columns contain the calculated values using the classical 
Eq. (3.1) or the Relativistic Eq. (3.2). The latter usually gives 
slightly bigger values of the order of 0.1 to 0.2 more than the clas-
sical values. Ignoring these irrelevant differences column four 
shows the values rounded to 3 significant figures for all cases. 

The Web1 explanation considered that the 655 and 657 pho-
tons are red-shifted to 669 and 671 photons as shown in the 
fourth column of Table 1. In this way the already absorbed 656 
photons will leave a “hole” at 670 nm. And that is the “shifted 
dark line” observed on Earth. 

The problem with this explanation, again, is that the entire ar-
ray of wavelengths shown in Table 1, column 2, must be Doppler 
shifted as soon as they are emitted by the star and before they 
reach its atmosphere. Hence, the 656 photons cannot be absorbed 
by the atmosphere because they reach there already “converted” 
into 670 photons. 

How about a 642.3 photon (entry 2 in Table 1) that has been 
included there because it will be “stretched” to 656 in column 4? 
These photons certainly could be absorbed by the H atmosphere. 
But then the “hole” would be observed on Earth precisely, at 656 
nm, and not at 670 nm which is what happens. It seems that no 
642.3 photons are absorbed at all. 

For the Relativistic approach none of the Doppler shifts col-
lected in column 4 (and 6) can exist in the region between the star 
and the atmosphere, since they are both co-moving. They exist 
only for the terrestrial observer. Therefore, the atmosphere can 
only absorb the un-shifted (normal) 656 photons, producing a 
dark line at this wavelength. The question arises again: how can 
this dark line at 656, which is an absence of light, “jump up” to 
670 nm once the light leaves the atmosphere in its route to Earth?      
The Web1 insists that the 656 photons are absorbed and the 
neighboring 655 and 657 go “up” to 669 and 671 leaving a “hole” 
at 670.  But again this implies that all the radiations of the visi-
ble spectrum, from 400 to 700 nm are Doppler shifted as soon as 
they leave the star, including the 655 and 657 “neighboring” pho-
tons. Yet, by some miracle, the 656 photons are not Doppler 
shifted. If they shifted to 670 as their neighbors do to 669 and 671, 
they could not be absorbed by the H atoms in the atmosphere.  

It seems, therefore, that we are going here in circles trying to 
combine the Relativistic approach, (no Doppler at all for the at-
mospheric “absorbers”) and the Web1 approach: Doppler red-
shift for all radiations as soon as they are emitted by the star ex-
cept, precisely, for the 656 photons. 

By default, then, only the classical Doppler Effect seems to be 
capable of explaining the absorption of the Hydrogen 656 radia-
tion that appears as a shifted dark line at 670 for the particular 
velocity used in this paper. Recapitulating the classical explana-
tion and looking at Table 1 we say: 

1. All wavelengths are really red-shifted as indicated by the 
values in column 4, as soon as they leave the receding star 
and before they hit the co-moving atmosphere. 

These values should be calculated with Eq. (3.1) inserting 
in it VE = 6403 km/s which is the velocity of the emitting star 
relative to Earth and with a plus sign in the numerator (for 
the receding case). In the denominator VD = 0 because we, the 
detectors, can take our own velocity as zero. Thus:  

 0
6403

'
c

c
     

 
 (3.3a) 

2. When the red-shifted photons reach the star’s atmosphere all 
these increased wavelengths appear (to the H atoms there, 
which are now the “detectors”) at their original, (un-shifted), 
values. This happens on account of a reverse Doppler shift. 
Why?  Because the atmosphere and its H atoms are moving 
contrary to the direction of light with the velocity of 6403 
km/s. This, indeed, is all that is needed to observe a blue-
shift. Reference to the emitting star is not needed anymore. 

The λ values are now calculated using Eq (3.1) with VD = 
6403 but with a +sign in the denominator (case of shrinking 
wavelengths) and with VE = 0 since now the “emitter” has 
disappeared from the scene. The radiated light “travels by it-
self” with speed c, in no way depending upon the emitter’s 
velocity. Thus: 

 " '
6403
c

c
      

 (3.3b) 
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It is easy to see now why all the red-shifted wavelengths, 
(which, indeed, “keep traveling” to Earth as such), appear 
with their normal wavelengths “for” the H atoms (only). 
These atoms perceive a wavelength λ” equal to λ0 : 

 0 0
6403

" '
6403 6403
c c c

c c c
                  

 (3.3c) 

3. Hence, at this stage the “reconstructed” 656 photons can be 
absorbed by the H-atoms in harmony with QM rules, while 
all the other (Doppler stretched) photons keep traveling to 
Earth. They pass by the Hydrogen atmosphere without any 
disturbance at all. The result, then, is that only the 670 (Dopp-
ler shifted) photons have been “knocked out” of the Earth-
bound light. Terrestrial observers will see a dark line precise-
ly at the 670 nm wavelength, while the H-atoms will be “hap-
py” having “eaten” them, but conveniently “roasted” down 
to 656 photons. 

The reader must excuse the rather “pictorial” language I have 
used here, but this is to compensate for the dryness and cryptic 
nature of the Doppler equations.  They hide, unfortunately, all 
the “drama” that unfolds between an emitter and its detector 
even when both are moving together as in the present situation. 

Having said this we are ready now for some unexpected and 
unusual consequences that can be predicted from this “double 
Doppler Effect” taking place between a source and its co-moving 
receiver. 

4. A Predictable Consequence of the Doppler 
Effect without Relative Motion 
Since only the classical Doppler Effect seems to explain the 

shift of absorbed spectral lines and since we have constructed the 
explanation by analyzing the Doppler formula not as a simulta-
neous occurrence between emitter and receiver but, rather, as two 
independent processes, separated by an arbitrary time interval be-
tween the two, we can speculate that each separate process might 
be used to detect the motion of an emitter-receiver system from 
within the system itself.  This, obviously, runs contrary to the Rela-
tivistic Principle stating that such detection is impossible. Yet, 
since relativity does not seem capable of explaining the absorp-
tion Doppler shift in the first place, it should not stop us from 
considering the mentioned possibility either. 

Since we are dealing here with macroscopic phenomena 
(Doppler wavelength shifts) that somehow are interacting with 
the microscopic “workings” of Quantum Mechanics, (photon 
absorption at the atomic energy levels) it is reasonable to consid-
er, as a first candidate, the phenomenon of light diffraction, ei-
ther through a single slit, many slits or even through a diffraction 
grating. 

Light diffraction, according to some prestigious authors (in-
cluding Feynman), lies at the “heart” of Quantum Physics. We 
know how Heisenberg has used it to give a physical meaning to 
the uncertainty principle. For the present purposes, however, the 
most interesting thing is to note that diffraction of a light beam 
emitted by some source, (say, a laser), produces an interference 
pattern whose angular distribution is solely controlled by the 
wavelength λ of the light used  and the width w of the slit (or 
slits, in the case of a grating). And this “control” happens only at 
the emitter site (the slits), without intervention of the detector (be 
it a screen, a camera or a photo-electronic device).  The standard 
and simplest equation for this process, Eq. (4.1a) below, gives the 
sine of the angle θ that “locates” the different fringes of order m 

(=1, 2, 3…) at positions y (from the central line) on a screen or 
photo-sensitive device placed at a distance L from the slits, (see 
Fig.4.1a) 

 sin
m
w
   (4.1a) 

Obviously, the vertical distance y will be given by the equation: 

 tany L   (4.1b) 

In Fig. 4.1a all the variables appear labeled with a sub-index 0, 
to indicate that the system is initially considered to be at rest. 

 
Fig. 4.1.  Diffraction experiment with a laser light 

Next, suppose that the system (the Earth) moves, in the 
CMBR frame of reference, exactly in the direction contrary to 
light propagation, as in Fig.4.1b. Then, an “internal” Doppler 
stretching of λ0 up to λ+ must occur all the way between the laser 
and the final screen.  Hence, according to Eq. (4.1a), the angle 
will increase to θ+ and likewise, y0 will increase to y+. In other 
words, the final location of the given fringe (dark or bright) will 
shift upwards from y0 to y+ as shown in Fig.4.1b. 

When twelve hours later the terrestrial laboratory will be 
traveling exactly in the opposite direction, (Fig. 4.1c), the reverse 
effects will take place:  λ and all the variables will decrease to λ-, 
to θ- and to y- . 

Again, it seems that the angular shifts from θ+ to θ- cannot be 
“undone” or “cancelled” by the passive reception of the screen. 
The Doppler stretching (or shrinking) that absolutely exists be-
tween the source and the screen, yes, that will be “cancelled” by 
the screen (an imaginary observer) exactly as explained in the 
previous pages. But the regions of space traced by the interfe-
rence phenomena (dark and bright areas) between the slits and 
the screen, cannot suddenly change back to the “resting” values 
just because the screen “undoes” (locally) the wavelength shifts. 

The angles are controlled by the wavelengths values at the slits, not 
at the screen. 
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The angular shifts in Fig. 4.1 have been, of course, greatly ex-
aggerated. It will be interesting to have an idea of some realistic 
values for the predictable changes.   For this purpose imagine 
that we use a red laser with λ0 = 650 nm and a grating with w = 
1mm/615 lines = 1.626 x 10-6 m. Then λ0 /w = 0.40.  We shall as-
sume a cosmic velocity for the Earth in the order of v ≈ 300 km/s 
(as estimated by several CMBR studies), and use the more com-
plete Doppler expression, Eq. (4.2): 

 0' 1 cos
V
c

     
 

 (4.2) 

where θ is the angle between each light beam exiting the slits and 
the Earth velocity vector. Equation (4.2), in practice, looks like the 
first order Relativistic Doppler expression since only one velocity 
term appears in it. But this is because the V to be used in it is in 
reference to the CMBR frame as determined by the WMAP satel-
lite, which implies VD = 0 in Eq. (3.1), (see [2]).  Inserting Eq. (4.2) 
in Eq. (4.1a), with m = 1 (first order diffraction), yields: 

 0sin 1 cos (1 / )(1 cos )
v

R
w c
        

 
 (4.3) 

where the symbols R ≡ w/λ0 =1/ 0.40 = 2.5 and β ≡ v/c = 0.001 
have been introduced. 

Unfortunately Eq. (4.3) is not easy to solve for the angle θ.     
With some tedious algebra, calling x ≡ sin θ, so cos θ = [1-x2]1/2 , 
we get  a second degree equation with solution 
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With the values mentioned above, (R=2.5 and β = 0.001) we ob-
tain: sin θ = 0.4003665 , θ =23.6011o,  and tan θ =0.43691. 

Assuming L = 1.000 meter, the y+ position will be 

 y+ = 1.000 x 0.43691 m = 436.91 mm 

This is to be compared with the value of yo without Doppler (v = 
0 in Eq. 4.3) which yields: sin θ = 0.400, θ = 23.5782o, tan θ = 
0.43644, so that yo = 436.44 mm. 

Twelve hours later, the y- value is calculated using the nega-
tive sign in front of the square root of Eq. (4.4), resulting in:       
sin θ = 0.399633 , θ = 23.5552o,  tan θ = 0.43596 , so that  y- = 435.96 
mm. 

We see that the y values differ only by about 0.5 mm or even 
1.0 mm between the extreme values. This would require quite 
sensitive photo-electronic positioning devices, but certainly not 
impossible to obtain with currently available technologies. 

An alternative possibility is to multiply by 10 the length L, for 
example using a large rectangular room, and projecting the dif-
fracted beams against detectors located at the expected spots. In 
that case the differences would be of the order of 5 to 10 millime-
ters, well within the scope of any recording device, including 
digital cameras. 

5. Discussion 
In this paper I have used classical ideas, relativistic and quan-

tum mechanical ones, accepting ones and rejecting others. Let us 
say a word about each. 

5.1. Classical Ideas 

The bottom line argument presented in the paper is that a 
Doppler Effect can occur, in real space, regardless of its detecta-
bility by a co-moving or a non-co-moving observer. This allowed 

us to understand the shifted absorption lines in astronomic spec-
trograms of moving stars. The mechanism used for the singly 
moving cloud (Doppler shrinking) in order to “prepare” the pho-
tons so that they can be absorbed at the correct wavelengths, is 
repeated in the case of the emitting star and co-moving atmos-
phere. The originally normal photons, which are Doppler-
stretched by the receding star, are again “reduced” to their nor-
mal wavelengths by the equally receding stellar atmosphere. In 
that “normalized” condition they can be absorbed by the atmos-
pheric atoms leaving a dark “hole” or line, at exactly the red-
shifted wavelength, as observed on Earth. 

Taking seriously this temporal “independence” and separa-
bility of the Doppler Effect between the emitter and the receiver, 
the prediction was made of a light diffraction experiment in 
which the angular position of a given interference fringe or spot 
could be influenced by the cosmic velocity of the Earth and its 
angle respect to the light beams. The estimated value of the ef-
fect, reported as a change in screen positions of the spots, was in 
the order of 0.5 to 1.0 mm for an instrument about 1 square meter 
in size. 

5.2. Relativity 

Some critical remarks were made about the capability of Rela-
tivity to explain, or not, the shifted absorption lines. Can we real-
ly say that “relativity fails” to explain those lines?    What I called 
the “duality” or “ambiguity” of the relativistic interpretation, is 
that a flagrant contradiction? Such “duality”, actually, is a nor-
mal or inherent mark of relativity theory. What for an observer 
seems A, for another seems B. What for an observer is an electric 
field for another is a magnetic field and so on. Let us try again to 
explain the dark lines using this dual language. 

1. For an observer in the stellar atmosphere frame there is no 
Doppler shift for any of the wavelengths listed in column 
2 of Table 1. Hence, atmospheric absorption occurs at the 
656 nm wavelength, and QM is satisfied. 

2. For a terrestrial observer, however, all the wavelengths 
are red-shifted, including the 656 nm, as shown in column 
4 of Table 1 and this happens at all places between the 
star, its atmosphere and all the way to Earth. 

So the question is: how can the absorbed 656 photons in the 
frame of the star/atmosphere system, producing a dark line at 
656 nm, appear on the Earth frame as a dark line at 670 nm?  The 
answer is: they cannot. 

We must note that on the frame of the Earth the 656 photons 
became 670 ones, and cannot be absorbed by the stellar atmos-
phere as such. Hence, if we stick to the terrestrial frame, there 
cannot be any dark line at 670. The most that can happen in this 
frame is that some 642.3 photons emitted by the star (entry 2 in 
Table 1), become red-shifted to 656 nm and, as such, could be 
absorbed by the atmosphere. This would produce, again, a dark 
line at 656 nm.  Hence, based on the relativistic terrestrial frame 
the dark line should appear at 656 nm and not at 670 nm.  And 
based on the stellar frame we saw that the absorption was also 
happening at 656 nm. By both criteria, in both frames, relativity 
predicts a dark line at 656 nm, contrary to the observed 670 dark 
line. 

The answer given by Web1 [1] is a hybrid use of the two rela-
tivistic frames.  It assumes that the 656 wavelength is already 
absent. Inadvertently, that implies using the point of view of the 
stellar atmosphere where no Doppler occurs according to Rela-
tivity. And then they turn the attention to the “neighboring” rad-
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iations, 655 and 657, and changing the point of view to the terrestri-
al frame, they say that those wavelengths are Doppler-shifted to 
669 and 671 respectively, leaving a “hole” at 670 nm. So the con-
tradiction is that they predicate a Doppler shift for 655 and 657 
(using the terrestrial point of view), and ignore it for the 656 pho-
tons (using the stellar point of view). 

When we compare the strictly relativistic prediction (and that 
of its hybridized version) to the classical approach, we see that 
the crux of the matter hinges on the physical existence, or not, of 
Doppler-shifted waves in the space between the star and its at-
mosphere. Relativity makes a dual affirmation: they exist for the 
Earth’s frame; they do not exist for the star’s frame. Classical 
theory definitely answers that they exist absolutely, ie. for the 
star/atmosphere frame and for the Earth frame. In spite of this 
“absoluteness”, the classical theory is flexible enough to say that 
if an observer located on the stellar atmosphere were to observe 
the wavelengths in any way, he would also obtain a zero Dopp-
ler Effect as relativity predicts. So, what is the difference? In the 
fact that for the classical approach the Doppler stretching pro-
duced by the moving star is “cancelled” by the Doppler shrink-
ing detected by the atmospheric observer, yes, but only where the 
observer is. The stretched waves “survive”, so to speak, in the 
space between the star and its atmosphere. Again we have to say 
that this is only possible because there is an important physical 
time between Doppler stretching at emission, and Doppler 
shrinking at reception. The whole space in between is dominated 
by the stretching effect.  In the case of light diffraction, likewise, 
the whole space between the slits and the screen is dominated by 
the angular distribution produced by the wavelengths at the slits, 
not at the detecting screen. And that is why the unilateral obser-
vation of the Doppler wavelength and its concomitant angular 
fringe distribution, can be influenced by terrestrial motion and 
observed within the system. 

I have emphasized this “time interval” between emission and 
reception over and over again. It is rather ironical that the relati-
vistic Doppler formula, more than the classical one, totally ig-
nores the time interval between emission and absorption. At least 
in the classical formula one can refer to the two velocities (VE and 
VD) distinctly and separately and even express, unilaterally, what 
happens at the emitter or at the detector at different moments of 
time, (just by zeroing any of the two velocities). But the relativis-
tic equation, by “fusing” VE and VD into one VED makes impossi-
ble that time separation. The irony resides in that Relativity 
theory was initially praised on account of Einstein’s denial of 
simultaneity and Minkowski’s “merging” of time with space in 
the fundamental relativistic formulations. Yet, at least in the 
Doppler Effect, relativity totally ignores all time separations be-
tween emission and reception and treats the matter as if no time 
existed, as if emission and detection were simultaneous events. 

5.3. Quantum Mechanics 

Throughout the whole paper we have seen that prior to ab-
sorption of any photons the macroscopic motion of the atoms can 
produce a Doppler shift that “prepares” them to absorb the pho-
tons at the correct wavelength as required by Quantum Mechan-
ics. There is here a rarely mentioned interplay between macros-
copic motions and the microscopic processes at the quantum 
level. 

Historically speaking, however, all four “geniuses” of QM, 
Bohr, Schroedinger, Dirac and Fermi, did pay attention to a simi-
lar interplay between macroscopic velocities and Planck’s quan-

tum law, E = hf.   Bohr first pointed out in 1918 [3] that when an 
atom emits a photon there is a recoil motion that makes the 
process occur between two different velocities, v1 and v2. This 
“blurs” the frame of reference in which the hf energy and the 
associated momentum, hf/c, are to be reckoned. On account of 
this difficulty Schroedinger [4] modified the relativistic Doppler 
formula in 1922 introducing the two velocities in it, before and 
after absorption or emission. But Dirac, [5] in a note of 1924, went 
back to the original relativistic transformations and showed that 
Schroedinger’s modification was unnecessary since they are rea-
dily obtainable by those relativistic transformations in four-
vector formalism. Finally, Fermi, [6] in 1932 produced a more 
complete quantum mechanical study of the Doppler Effect in 
which even the gross motions of the atom were quantized. He 
used a Hamiltonian with six terms for the Hydrogen atom and 
obtained a    function as a product of different   ’s for the in-
ternal energy, the radiation energy and the gross motion of the 
atom, namely, int rad motion         It is the last term what 

seems pertinent to the present paper, justifying the relationship 
between Doppler shifted photons as a preparation for the quan-
tum process of electron absorption at the correct wavelengths. 

Another obvious connection with this interplay between 
atomic motions and Doppler is the so-called “Doppler broaden-
ing” effect. This is due to the thermal motions of atoms which, 
indeed, produce extra blue and red-shifts in random fashion and 
thus “broadens” the spectral lines making them a bit “fuzzier”. 

In spite of all the theoretical effort, however, that has been 
made regarding the quantum theory of the Doppler Effect, S. C. 
Tiwari thinks, in a very complete and recent review [7], “that 
there exist gaps in our understanding of the phenomenon”. I hope that 
this simple paper might throw some light on the process, plus 
the added bonus of the non-relativistic diffraction experiment 
predicted by it. 

6. Conclusion 
Only the classical Doppler formula, with its inclusion of the 

emitter and receiver velocities and the time separation implied 
by them, allows explaining the observed shift of absorption lines 
in moving astronomic bodies. The deficiency of the Relativistic 
formula, which predicts the wrong absorption wavelength, can-
not be overcome by a hybrid use of it, as done by Web1 [1], in 
which the observer frames of reference are indiscriminately 
“mixed”. 
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