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An investigation of experimental reports on the relativistic relation for Doppler shift.
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Abstract. An exhaustive list of thirteen instances of reports confirming experimentally the
relativistic Doppler relation, are examined. For those involving longitudinal Doppler, the
non-relativistic relation is seen to be confirmed, within the reported experimental accuracies,
to the same degree as the standard relativistic relation. Higher values of the speed of the
emitter would be required to examine further the claimed confirmations. For those reports
involving saturation spectroscopy, there is much confusion over the appropriate Doppler
relation to be used, together with some serious analytical flaws. For the two cases that
involve transverse Doppler, there are seen to be either serious faults in the theoretical part, or
intrusion from the first order effect.

Therefore, the reported conclusions - that the results for the experiments confirm the
relativistic SR relation - cannot be justified by any of the experimental works.
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1. Background

There have been seven experimental reports where the results of experiments
involving longitudinal Doppler effect have been reported as confirming an aspect of SR -
either because they are highly consistent with the SR-modified relation for the frequency of
the light emitted by a moving source, or, in the early days, by simply obtaining the general
nature of the relation. There have also been four reports involving saturation spectroscopy
and two on transverse Doppler. The work on longitudinal Doppler considers the matter in
detail without involving relativity. Reports involving saturation spectroscopy are also
examined, as are two which investigate transverse Doppler.

1.1 Relativistic Doppler effect
With the Doppler effect, without considering relativity, the frequency observed in the
observer’s frame from a moving source of proper frequency vo , is expressed as

v=v [1+p) (2).
where the + (-) refers to the source and observer receding (approaching). The classical
relativistic relation for the frequency v, again observed in the observer’s frame, travelling at
Us W.r.t the observer is, Mgaller [1]

1-(u,.€)/c 1-u?/c?)¥?
o=V (2S )2/1/2 r :0( S/ ) (2)
(1_us /C ) 1-(Us.e)/C
The quantity us.e = uscosa where a is the angle between the direction of us and the direction
of interest in the observer’s field. The u’s are the magnitudes of the u’s. There are two cases
of Doppler effect that have been investigated:

a) when the direction of us is a = 0 or = then we have us.e = £us, and for this case - the
“longitudinal” effect - the frequency relation is
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v=v,lyQ1£p) ©)
where y = (1- )™, p = uslc, and the + (-) again indicates the source and observer receding
(approaching);

b) when 6s = +1/2 we have us.e = 0, and the “transverse” effect — with for example a
source emitting when situated instantaneously on the y-axis and moving at u in the £x
direction, with the observer at the origin. This gives

V= Voly 4)
c¢) when the angle between the source and observer is a general angle 0, there are two
classical expressions for the frequency observed

1) when the angle is as seen in the observer’s frame

v=v, [ y(1+ [cos0) (5)
ii) when the angle is as seen in the source’s frame
v=v,y(l- B coso) (6)

that is because the angle @ is different as viewed in each frame. It is seen that for 6 = 0 or =,
there is consistency between (5) and (3). Equation (6) is consistent with Einstein [2]. There
appears to be some confusion regarding (5) and (6) in the literature, as will be seen below.

1.2 Longitudinal Doppler effect

There have been numerous reports of work that conclude that relativistic longitudinal
Doppler has been demonstrated. These include Pound and Rebka [3], Mandelberg and Witten
[4], Mandelberg [5], Otting [6], Ives and Stilwell [7], [8], and Olin et al. [9]. Ref. [4] is based
on the work of [5]. In the Pound and Rebka [3] experiment, a frequency shift due to thermal
excitation of the atoms was observed in Mossbauer emission, - due effectively due to fore-
and-aft molecular velocities. However, that work of Pound and Rebka involved acceleration
of the source and therefore is outside the terms of Einstein’s statement of the conditions for
SR, - [in his “popular” treatment [10], Einstein, referring to reference systems K and K’ “in
which ‘the Galilean law holds’ (i.e. inertial systems) says as follows: “But in addition to K,
all bodies of reference K’ should be given preference in this sense and they should be exactly
equivalent to K for the formulation of natural laws, provided that they are in a state of
uniform rectilinear and non-rotary motion [his italics] with respect to K....The principle of
relativity was assumed only for these reference bodies but not for others (e.g. those
possessing motion of a different kind). In this sense we speak of the special principle of
relativity, or special theory of relativity”]. Since ref. [3] involves acceleration, it is outside the
application of SR and would have to be considered under the General Theory [GR].

The cases [4], [5], represent an experiment that has been repeated in principle by other
workers in [9]. They were concerned with confirming the relation predicted by SR for the
frequency of the radiation emitted by electrons in atoms having constant velocities, whereas
[6], [7], [8], are more concerned simply with the general nature of the relevant relation. They
all use light emitted in the transition of electrons from a higher to a lower energy level.

1.3 Saturation spectroscopy.

There have been a number of experiments that report verification of relativistic
Doppler using saturation spectroscopy. One method was proposed by Juncar et al. [11] and
was followed up in [12], [13], [14]. Doppler shift is traditionally taken to be the change of
frequency of a wave emitted, as observed by an observer in motion relative to the source.
However, saturation spectroscopy involves the absorption of a photon rather than the
emission, and the frequency of a photon absorbed by a moving atom cannot be regarded as
truly representing Doppler effect. But, nevertheless, the relevant references will be
considered here.
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1.4 Transverse Doppler effect

Two studies on transverse Doppler are MacArthur et al. [15] and Hasselkamp,
Mondry and Scharmann [16]. The issues involved in the transverse Doppler reports are
different from those in the longitudinal case, and will be dealt with separately.

2. Longitudinal Doppler: Considering references [4], [5], [6], [7].[8]. [9].

2.1 The values of g and of the accuracy in the longitudinal experiments

It will be important to know the magnitude of relevant values of S in the various
experiments referred to and considered here (apart from [3] which is not of interest ): the
highest value, quoted in [9], is 0.05 whereas the highest in others of interest is 0.009, (i.e. in
[4] and [5]). For that reason [9] will be considered separately. A second factor is that, in the
experiments referred to, the claimed accuracy is important, - because it is against that figure
that the validity of the conclusions will be judged.

2.2 A comparison of the two equations (relativistic vs non-relativistic)
We now make a comparison between the answers obtained by using (3) and (1). We

find that whatever the value of v, / (1+ ), the ratio of the two relations is y. With a y of

1.00004 (the highest of those that are of immediate interest), the ratio is equal to 1 to less than
4 parts in 10°. This is beyond the capability of the discrimination quoted in the experiments
and their conclusions, that (3) is verified (as opposed to (1)), are therefore not valid.

2.3 The work of Olin et al. [9]

Reference [9] uses a # = 0.05, which is an order of magnitude larger than is typical of
the others and it is interesting in that it uses a capture reaction 0 + “He—2°Ne” where the
Ne is “excited” and then resorts back to the “normal” state by an electronic transition,
emitting a gamma photon. They state that in the collision arrangements the angles of the
recoils were at both 0° and 180°, - that is, longitudinally. They found that in the factor
(1 - pHA, the index A was confirmed to be -0.5 to an accuracy of 3.5% for the observed
frequency change, moving versus at rest, justifying a relativistic interpretation.

The same situation exists here as for the previous longitudinal Doppler experiments:
with a y of 1.00125, the ratio comparing (3) to (1), is 1 to within 0.125%, which is well
within the stated accuracy. Therefore, the relativistic interpretation is not justified.

2.4 A comment
It must be said that the assertion that the conclusions of these reports are not justified

is only possible because of the low values of g employed in the experiments.

3. Saturation spectroscopy. References [11], [12], [13], [14]

In saturation spectroscopy, photons from a tuneable laser are absorbed by atoms moving on
the same line as the lasers, and an electron is raised into a higher-energy orbit, - the opposite
of what happens in normal longitudinal Doppler. In principle, therefore, one could use the
same process of comparing (3) and (1), but the information on beam velocities is scarce, so
that the same analysis cannot be applied. Other methods of evaluation will be used.

3.1 Examining ref. [11]
In [11] the analysis is done in terms of relations of the Doppler shifted wave numbers
o+ (parallel beams) and . (antiparallel beams). Their development of those relations is
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referred to in an unpublished document, so that, unfortunately, proper examination cannot be
carried out.

3.2 Examining ref. [12]

In [12] the authors say, using the classical relation (5) “ the laser frequency measured
in the rest frame of an atom is given by special relativity as v+ = yv.(1 % v/c). Here + ( -)
refers to the laser beam traveling in the opposite (same) direction as the atom.” That is, =0
or . The laser frequency is v, in the laboratory frame. It is clear that v represents the
frequency of the absorbed photon, that the atom is the receiver of the photon (i.e. the atom is
the observer) and that the source is the laser. Therefore, the measurement - made in the rest
frame of the observer - should be expressed classically, as (5). However, they have used (6),
which is wrong.

3.3 Examining ref. [13]

The authors of [13] say “The laser frequency measured in the atomic rest frame is
Vatom = yVL(l - vcosd/c)”. This is the same error as in [12]. Equation (5) is relevant, but they
have used (6), (as an aside, there is an extra error in the sign of vcosé/c.)

3.4 Examining ref. [14]

In [14] the authors say “the transition frequency v; of an atom at rest in an inertial
system S’, which is moving with a constant velocity f = v/c in the laboratory system S, is
related to the frequency v measured by an observer at rest in S by vi = vy(1 - fcosd) where 6
is the observation angle with respect to the atom velocity.” Since the angle 8 is defined wrt
the atom’s (i.e. the observer’s) velocity, they are measuring in the observer’s frame. Again,
they have used (6) instead of (5).

4. Transverse Doppler: references [15] and [16].

The authors of [15] pass a steam of H° atoms essentially perpendicularly through a
UV laser, noting accurately the actual angle, and using the angle-dependant Doppler relation.
In [16] the authors simply looked to view the light from a stream of rectilinearly moving
emitters, but at 90° to their motion.

4.1. Examining ref. [15]
In [15], there are some serious errors as they develop their version of the transverse
relation:- for example, they express the relativistic time and position relations as
T = aot + (v/cd)ax (7)
X = vaet + aix, (8)
where a, = ygo and a: = ygi, with upper case referring to values in a frame at rest with the
observer and lower case to values in a frame moving at v. However, when these latter
relations are entered into (8), the authors say, for a particular event 1,
T1= (Qol)ts + (v/CA)X:, 9)
The substitution error for a, is obvious, and it is quite unclear why a.x should be replaced by
X, since (8) says aix = X - vaot.
There are subsequent repercussions: they go on to say, continuing with the erroneous
(9), “If we assume that the transition takes place in the motionless frame, so that the atom is
at rest in this frame, then X, — X2= 0. In this case ATatom = ATiabdo/y, OF Vatom= ViabY/Jo. This IS
the relativistic transverse-Doppler-effect formula. The nonrelativistic Doppler effect, where
E = Eo(1+pc0s6), is the low-velocity limit of the entire formula, suggesting the final energy
relation:
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E = (Eo/go)y(1+ Bcosd) (10)”
[end of quotation].

Since “the atom is at rest in this [the motionless] frame” then we take it that it is as
measured in the atom’s (the observer’s) frame. Equation [10] is incorrect, being according,
again, to (6) whereas it should accord with (5).

Now, in their first paragraph the authors say as follows, “Consider an atom with
velocity v, colliding at an angle 9, with a photon, whose energy in the lab is Eo, The
relativistic Doppler formula for the photon energy as seen by the atom is

E = (Eo/go)y(1+ S cosb), (11)
with 8= vlc, y = (1 - 2%, and E, the rest-frame energy of the photon.” [end of quotation].

However, although (10) and (11) appear to be consistent, that is incorrect: Equation
(10) is couched “in the rest-frame energy of the photon”. Since the rest-frame of a photon is
travelling at ¢, what does that mean? Do the authors mean in the rest-frame of the laser -
which is the source? In which case (11) is correct. However, for (10) they say “If we assume
that the transition takes place in the motionless frame, so that the atom is at rest in this
frame”. The atom is then at rest, and for this case (the stationary observer) the Doppler
relation is different from the case where the observer is moving (“as seen by the moving
atom”). The Doppler relations for the stationary observer and for the moving observer are
different. But they get the same relation - (10) and (11). By dint of using the erroneous (9)
they have arrived at the same Doppler relation for conditions where they should not be the
same.

It is clear that this reference is seriously flawed, and its conclusions cannot be relied
upon.

4.2 Examining ref. [16]

The workers here simply looked to view the light from a stream of rectilinearly
moving emitters, but at 90° to their motion. This experiment is recognized to be particularly
difficult to perform due to the possible intrusion of the first order effect if the angle of
viewing is not very close to 90° to the moving stream of emitters. Typically, a viewing angle
difference of 1° will allow sufficient intrusion of the first-order effect as to affect the result.
They do claim an uncertainty 90°<6<91° in the angle between the emitting beam and the
viewing system. But the most interesting feature is that, in the four cases illustrated, there is
not only a “flat-top” nature to the reported wavelength distribution with velocity, especially at
the higher speeds (up to £ = 0.03), but a large increase in the spread of the wavelengths. For
example, there is a large increase in FWHM, from approximately 6L = 1nm at f =0, to oA =
2.4nm at = 0.03 (that is estimated ignoring the flat-top, and drawing a putative “normal”
type of distribution; otherwise FWHM would be about 2.8nm). That spread is specifically
attributed in the report to be due to Doppler broadening. If we take it that, as intended,

6 =900, then all broadening due to relativistic transverse Doppler must be according to the
correct expression (4)

V = Voly (12)
and, expressed in terms of A,
A=2%o(1- 87" (13)

where Ao is the wavelength from an emitter at rest and A is the observed wavelength
corresponding to some value of g in the thermally-broadened velocity distribution.

There is a particular problem with the results for H2" ions that the authors illustrate, in
that if the transverse Doppler relation (13) were applicable (and they themselves use it), it
would not be possible, since gis always < 1, for a value of A to be less that A S0 that any
Doppler broadening would have to be one-sided, with A > Ao . The reported values of A
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below Ao cannot therefore be due to transverse Doppler and must be due to intrusion of the
first-order effect. The authors use the centres of gravity of their “Doppler-broadened” lines to
derive their “[transverse] Doppler shifts” so those values cannot be correct. They are using
the centre of what is actually a one-sided distribution.

We can estimate the extent of the intrusion by considering the minimum value of
A = 654.9nm as illustrated in the report, and the mean value at = 0 which is the H,, line at
656.3nm. It occurs with the ions at 900keV, given as S = 0.03. Writing the general expression
in terms of A, it is, in general, for stationary observer viewing the moving source, and
measured in the observer’s frame, from (5),

A=2,01- ﬂz)_l/z (1+ Scos6) (19)
which gives, ignoring powers of £ above 2 and powers of cosé above 1 (since € has to be
very close to 90°)

A= hot YahofB2. .. £ AofiCOSH....
or
A = Ao—Yalof3?

T8
which, using the above figures for the extreme shift to A= 654.9nm at = 0.03, and
Ao = 656.3, gives #=85.1°or 94.9° - which is clearly not an acceptable angle.

These figures are well outside of the necessary limit of 89°- 91°, and the
overwhelming effect is due to intrusion of first order Doppler. These values for & are
consistent with the acceptance angle which would be estimated from examination of the more
technical diagram of the apparatus as given in ref. 21 of their paper.

It is clear that this experiment cannot be taken as a demonstration of the transverse
Doppler relation, due to intrusion from the first order.

cosf = (20)

5. Conclusion

It has been shown that reference [3] cannot say anything about SR. For those that
involve longitudinal Doppler, involving electron transition and photon emission. It is seen
that the ratio between the two relations (SR and non-SR) is always 1 within the experimental
limitations, This situation pertains because of the low values of the emitter speeds involved.
Considerably higher speeds would be required before the question could be answered with
confidence.

In the cases involving saturation spectroscopyi, it is seen that there is considerable
confusion concerning the appropriate classical Doppler relation to be used, and in some cases
other serious flaws. Unfortunately, in one case, an examination is not possible due to the lack
of publicly available information.

In the two cases referenced for transverse Doppler, the conclusions cannot be
justified, because the arguments are flawed and/or the first order effect intrudes.

What the above arguments have shown is that the considerable number of
experiments reported to confirm relativistic Doppler, using light as emitted by transitioning
electrons or as absorbed by an atom, have given inconclusive results. That is because of the
experimental conditions pertaining, - in particular the low velocity of the emitter, — together
with confusion regarding the appropriate Doppler relation, and serious errors in the
theoretical analyses.

None of the reports examined can be said to confirm the relativistic Doppler relation.
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