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Spherical wave vs. plane wave approximation tontiterre of the electromagnetic waves in regardeo th
Doppler shift and aberration is considered. Thst &pproach is free from the blue shift — redtshif
transition paradox innate for the second one. pbescal electromagnetic waves, in contrast with th
plane ones, we have to assume that not only theitoag, but also the direction of the light velgdit )
is the same in any inertial frame, which lead$hdccepted expression for time dilation. Thefraste
of the source of electromagnetic waves is uniquergyrall inertial frames (in it the angles of entissi
and reception are the same, and there is no shifavelength in all directions). The spherical
approximation to electromagnetic waves presenigautiqueness without violating the principle of
relativity of the uniform motion, while the planapproximation ignores of the source completely hBot
approaches give the same Doppler shift in the tiineg of the relative motion of the frames, but the
differences at the angles close to the normaldsdftirections may be dramatic, which makes the
validity of the Lorentz transformation questionable

PACS number: 03.30.+p

Currently accepted mathematical expressions of the Doppler shift andteerr
for electromagnetic waves was first derived by A. Einstein using thetzore
transformation and assuming planar character of those waves [1].

If a source of plane electromagnetic wave is moving with constant veldaity
some frame, then the length of the emitted wave in this frame in the direckorgma
angle @ with the direction of motion of the source (the angle of reception in the
stationary frame)),, is connected with the length of the same wave in the rest frame of

the source/,, through the equation:
(1- Bcosb)
&1_'82 ! (1)
L =v/c,wherec is the speed of electromagnetic waves in the free space.
The direction of propagation of the same wave in the rest frame of its source,
angled', is connected with anglé through the equation of aberration:
cosd' = M . (2)
1- [cosf
Angle &' in the moving frame is seen as anglérom the stationary frame (the
angle of emission in the stationary frame). The connection between thoseiangle

tand' = \/1- 5* tana . 3)

Ay = A

Spherical electromagnetic waves do not fit into the picture of the Lorentz
transformation. The phase of an electromagnetic wave at any point of spéxdeiév
closely related with the number of waves passed trough that point) must be aninvari
Under the Lorentz transformation the phase of a plane electromagnetiswawsame
in any inertial frame and that of a spherical one is not.



That the plane wave approximation to the electromagnetic waves is
controversial, we can see from the following example.
Let us consider the case in which the observer is moving relative to the gburce

light. In that case
1_ 2
Ag = Ag—— Vﬁ ; (4)
(1+ Bcosh')
d'is the direction of propagation of light in the nvay frame, i.e. the angle of reception
for the moving observer in his rest frame.

— 2 —
According to Eq. (4), wheﬁ@1 <cosf <0, thenA, <A,. Thus,

despite the fact that the direction of receptiork@saan obtuse angle with the direction
of motion of the source, i.e. the source of lightioving away from the observer, the
latter gets a blue shift instead of a red shifticlvhs inconsistent with the constancy of
the speed of light in the free space. Indeed, itamesider instead of a wave of light a
sequence of short light pulses issued with theuiaqy of the wave, then each later
pulse will have to travel faster than former oneider to give a blue shift.

(The strange transition from blue shift to red tshifd vice versa for a given
angle of observation by changing only the intensftthe relative velocity of the source
and observer, which cannot be accounted for irfirdmeework of the currently accepted
theory is considered in [2].)

In a correct equation of the Doppler shitisd' (as well ascosa ), must be
changing sign when passing the angle whre= A, (zero shift angle), i.e. that angle

must bed’ = a = +x7/2, or, which is the same] = taco$.

We can get the expression of the Doppler shifsfirerical electromagnetic
waves using some obvious properties of waves.

It is clear that in any frame all waves (wavelesymitted by a source of
electromagnetic wave in the free space are cortdiawveen the source and the (outer)
wavefront: at any instant of time the last wavea @art of it, has just left the source and
the wave first emitted has just arrived at the fioceof the wavefrontin any direction
the distance between the source and the fronteoénhitted wave is equal to the sum of
wavelengths contained between them.

Let a source of spherical electromagnetic w&Yg,be moving with a constant
velocity v = ¢ from the originO along the axiX of a stationary frame (Fig. 1).

The total number of waves emitted in the periotdroé t in the stationary
frame, ny, (which is equal to the number of oscillationshwitthe source of wave), is

contained in the space between pdhtand the sphere with centre @ andradius

R = ct, which represents the front of those waves irstagonary frame. Assuming
that the light velocity is the same in the statigrfeame and the rest frame of the
source, for some poirt of the wavefront in the stationary frame we have:

0,4 = cty/1- 28c0s8 + 82 = nyAgy/1- 2Bcosf+ B2 =npA,, (5)
wheren, is the number of oscillations within the sourcevafve during the interval of
time tin the rest frame of the sourcg; is the length of the emitted wave in the same




frame; A, is the length of the wave emitted in directi®hOQ = @ relative to the
direction of motion of the source in the stationfxayme.
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FIG. 1 The wavefront of a spherical electromagnetive emitted by a moving
sourceO, with the angles of reception and emission in taganary frame:

6anda respectively.

From Eq. (5):

_ NyAy/1-2Bcosh + B2 )
n '
It is sometimes convenient to use anglkQ,C = ainstead of anglé. Angle a

is the one at which, from the point of view of #tationary frame, the ra@A(or the
point A of the wave front) propagates in the moving fraxoenected with the source. If
we assume that the r&A propagates through an imaginary moving tube ddrg v
small diameter, then angte is the angle of slope of the tube relative todimection of

the source’s motion. FrodAOQ

Ay

sind
J1-2pBcosf + B2
So, instead of Eq. (6) we can use the equation:

_ n0/10(1/1— BZsin’ a - ﬂcosa)
n, '

Due to the constancy of the speed of electromagmetves in the free space,
when A, = A,, then reception angle =+7n/2 andn; = now, which gives:
_ AJ1-2Bcosf+ 3
= Jl— 7 _

sing =

A

a

Ao



and

3 = /10(\/1—,82 Sif a —ﬁcosa)
a \/1—ﬂ2
Using vectors we can rewrite the above equatiomsmpact forms:
k-9 @
/Cz —\2 ’
_clsing
- |(_§ _\7| ! (8)
wheredis the wavelength in the considered direction obpagation of the
electromagnetic wave, i.e. in the directioncaf
At 6=0 and6 =xn Eqgs. (1) and (7) coincide absolutely.
For the spherical electromagnetic waves the tiiansto the rest frame of the

source is trivial: we have only to alter the sigfdse the relative velocity in Egs. (7)
and (8):

A=A,

singa

1=4 c+Y|
T E o 9)
. _clsing
sihg =——.
c+V|

Comparing Egs. (7) and (9) we can assume that VEGHOA/ t (the vector
connecting the points of emission and receptioa pdlse or ray of light at the instant
of its emission divided by the time of its travedh one end to the other) is the same in
the moving and stationary frames, i.e. for the sphkelectromagnetic waves, the
vector of the velocity of a electromagnetic wavansinvariant.

Eq. (8) is the equation of aberration for spheratattromagnetic waves. At the
instant when a light pulse arrives at the obsetherangle of the slope of the line
connecting the reception point with the sourceng@a ; at the instant when this pulse
is emitted by the source that anglédisin the rest frame of the source those angles
coincide, in any other frame they are different.

For spherical electromagnetic waves the differdseteeen the angle8 and a
is fundamental: angler is always the direction of a ray in the frame cateé with the
source, andd may bea direction in any frame, which makes the rest &arhthe
source unique. That, of course, does not violaetinciple of relativity of uniform
motion, because we can always single out the rastef of the source from the other
frames (e.g., in that frame, in contrast with attyeo frame, the angles of emission and
reception are the same, and there is zero shult girections). In other words, we
cannot ignore the source in the case of a sphazieafromagnetic wave. In
mathematical language this is tantamount to thersint that every sphere has its
centre point.

For the plane electromagnetic waves the an§lesdd’' in Eq. (2) are
equivalent ones, which means that we are ignohagource of wave completely and
are considering only a wave in two equivalent iaéftames. That is why when making
transition from one frame to the other we haveamdy to alter the sign before the
relative velocity of the frames, but also to swiag angles and wavelengths in Eqgs. (1)
and (2). Thus, under the Lorentz transformationutiigue character of the rest frame of



the source of electromagnetic wave gets lost, whuthourse, is also a distortion of the
physical reality.

Now let us get the equation of time dilation usasgan axiom the constancy of
the vector of the light velocitg , instead of the information about the zero shifila
as above, in order to show that they mean esdgrttial same thing.

According to Eq. (6), for the case whdp = A,, we have:

n, _|€-Y|

n, ¢
In the other frame:

n, _[c+YV]

n c

Sincen, /n, is the ratio of the numbers of wavelengths, whighequal to the

numbers ofnternal oscillationsof the source of waves, its final expression canno
contain any evidence of direction (the “source” rhaynot emitting anything and the
direction of the observer’'s motion cannot affecisé numbers).

Besides, while both equations are essentiallyamesqé —\7| in one frame is

the same g¢ +V| in the other frame), their forms differ in thersigefore the relative

velocity. The principle of relativity of uniform ntien requires that not only the essence
of those equations, but also their forms be thees@therwise an observer would be at
a loss which form to use in his frame: in regardternal oscillations all inertial frames
are equivalent). Thus, both forms of those equationst give the same result for both

observers, i.e. whed, = A,, then|c V| =|¢ +V| in both frames, which gives
n,/n, =+/1- 3% for the case wheft V) = (¢ +V) (or cosd = Bin Eq. (6)). (As for the

other solution:n} /n, = \/1+ S (i.e. cosd = 0in Eq. (6)), we discard it because that

would mean that a moving observer is be able tocowre numbers of waves than
emitted by the source.)

In conclusion it may be stated that the differasnoetween the spherical and
plane wave approaches to the electromagnetic waaremt be ignored, which makes
the validity of the Lorentz transformation questbte.
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