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The Inertiadl Transformations (IT) ae a new st of
transformations of the space and time variables providing an
alterative (but empirically equivalent) approach to the Theory
of Special Rdativity (TSR). With theIT, the one way velocity
of light isisotropic only in a privileged reference frame, &. In
this new theory only a weak form of relativity principle holds.
We apply the IT to the collision of an energetic photon with an
electron (Compton effect). A theoretical description of the
dual quantum mechanical photon having both wave and
particle properties is required. From the undulatory point of
view we use the IT to deduce the em. wave equations in an
inertial reference frame S moving with respect to § with

(absolute) velocity V . Using the Maxwell equations in the
form suitable to S we show that the em. plane waves in S
have the same properties as in &: the fields are perpendicular
to one another and perpendicular to the propagation direction
of the field energy. The latter direction, however, does not
coincide, in S with the propagation direction of the em. plane
wave. From the corpuscular point of view, we show that in the
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framework of the IT the usual equations relating the photon
energy and momentum to frequency also hold. The result of
this research on the Compton effect is a complete empirical
equivalence between the TSR and the I T approach.

1. The inertial transformations

The Theory of Special Reativity (TSR) and the Lorentz
Transformations (LT) are fundamentally based on the well known
Eingein synchronization of clocks. Mansouri and SexI [1] showed
that the Lorentz transformations contain a purely conventional term
devoid of any empirical bass the coefficient of x in the
transformation of time. The task of this coefficient is to ensure that
the one way velocity of light has the invariant value c.

A more detailed examination of the problem shows theat there are
many methods of synchronizing clocks, the most used ones being
essentially four: Eingtein’s method, slow transport method, absolute
method and method of symmetrical velocities. Selleri [2] succeded in
obtaining a set of transformations of space and time in which a
suitable free parameter appears, g (synchronization parameter), from

which the TSR is obtained by considering a particular nonzero value
of g: inthisway it is possible to formulate an infinite set of theories
empiricaly equivalent to the TSR, that are theories compatible with
the following assumptions:
1. Aninertia reference sysem § exists in which the velocity of
light isc in every point and direction;
2. thetwo way velocity of light is the same in all directions and
in al inertial reference frames;
3. thepace of clocksin motion with respect to § with velocity V

dows down by the usual factor R=+1-p53°, where
B=V/c.

© 2007 C. Roy Keys Inc. — http://redshift.vif.com



Apeiron, Vol. 14, No. 3, July 2007 186
One reasonably assumes also that
i. gpace is homogeneous and isotropic, and time is
homogeneous, a least for observersa re in S ;

ii. Theaxesof Sand & coincidefor t=t,=0 ;

iii.  The origin of § seen from &, moves with velocity
V < ¢ pardlel to the +Xp axis, that is according to the
equation x, =V t,;

iv.  Maxwell'sequationsin & hold in the usua form;

The equivalent transformations (ET) from & to S obtained by
Sdleri ae:

Y=Y Z=1, (1)
t= Rt +e (X% —Vi,)

The TSR is recovered for ¢ =—f/Rc, vaue introducing a well
known symmetry between the space and time variables, forcing the
latter to a geometrical role in the fourdimensional Minkowski space.
Different values of e correspond to different theories of space and
time.
Remarkable consequences of the ET (1) are:

Al Relatively to the sygsem S the one way velocity of light
propagating in adirection forming an angle ¢ with the velocity V of
Srelativeto $ (absolute velocity) is:

¢ (9)= -

1+T'(B)cos9 @
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with T'(S) = #+ceR. Notice thet, for al theories satisfying (i) and
(i) and having T" # 0, Sis anecessarily anisotropic frame, so0 that S,
assumed isotropic, isunique.

A2. Lorentz-Fitzgerald contraction. A rod a res in § whose
extremes coincide with the coordinates x, and X,, is seen in motion
from S where it gppears shortened along the x, direction according
to the equation: X, —X,, = R(X,—X). A rod & rest in § whose
extremes have coordinates y, and y,, hasthe same length in & asin
S.
A3. Larmor retardation. A clock at rest in Smarking timet, isseenin
motion from S where it appears retarded according to the equation:
t —to =(t,—1,)/R.
A4. Michelson and Fizeau type experiments, the aberration of
garlight, the occultations of Jupiter satellites, the radar distances of
planets and the determination of the International Atomic Time do not
depend on the value of g asit wasto be expected.
Rizzi and collaborators [3] proved the following theorem: Selleri’s
assumptions:
1. At least oneInertial Reference Frame (IRF) & exigts inwhich
the velocity of light is € in all points and in al directions (S
isoptically isotropic).
2. Thetwo ways velocity of light isthe same in all IRFsand in
all directions.
3. The pace of clocks in motion with respect to & with velocity

V dlowsdown by the usual factor \/1- 5% , with =V /c.

are equivalent to Eingtein’ s basic assumptions of the TSR.
According to Rizzi et al., the important consequences of this
theorem are:
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a) No experiment can discriminate between different values of

€,
b) Itisimpossibleto detect the privileged IRF S.
Therefore the role of privileged IRF played by & is only artificial as
S is the IRF in which, by convention, the Eingtein synchronization
procedure was adopted. Any IRF Scan then play therole of S.
c¢) Thetransformation:

X
C ©)
X=X y=V, z=2

allows one to pass, within any given IRF S from the Eingtein
synchronization to Sdlleri’s generalized synchronization. In this way
one aso passes from the Lorentz to the equivalent transformations.

Point @), it is our conviction, is not generally true. The hypothetical

indifference of the objective redity with respect to clock
synchronization holds only so far as Weakly Accelerated Reference
Frames (WARFs) are excluded [4]. In fact the physical continuity
with such frames chooses the transformations specified by the
condition e =0 (called Inertial Transformations).

Point b) states the impossibility of detecting the privileged IRF S,.

In fact there is a well defined way to resynchronize clocks [5] in al
IRFs allowing one to pass from a given privileged IRF & to another
privileged IRF § arbitrarily chosen, where the “privilege” is the
isotropy of space, e.g. with respect to the propagation of light. The
equivalent theories (1) possess the following properties:

1. It isimpossible to detect experimentally the existence of an
absolute motion of the Earth with respect to any eventually
exisgent privileged IRF. This is known as Weak Relativity
Principle (WRP).
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2. Thetwo way velocity of light isinvariant.

Due to the WRP the predictions of the equivalent theories for the

fundamental experiments (Bradley, ROmer, Fizeau, Foucault,

Michelson, ecc.), are identical to the predictions of the TSR.
Theinertial transformations, obtained from (1) by assuming ¢ =0

ae;

X=xO—Vt0
R
Y=Y ; Z=17, (4)
t=Rt,

Remarkable consequences of the inertia transformations (4) are all
those already seen for the ET (A1, A2, A3, A4).

The origin of S observed from &, is seen to move with velocity
V < ¢, while the origin of &, observed from S is seen to move with
velocity —pc/ R?. The latter velocity can be larger than ¢, but
cannot be superluminal. In fact a luminous pulse travelling in the
direction —x has a velocity given by (2) with $=7, tha is
¢(7)=cl/(1-p) whichiscertainly larger than Sc/R?, if 0< B <1.
The relative velocities, in any direction ¢, can grow without limit,
but they always remain smaller than ¢, (.9). The absolute velocities

can never be larger than c.

Absolute smultaneity. Two spatially separated events happening at
the sametime inthe IRF &, are smultaneous also with respect to S
The remarkable successes marked by the theory of the IT push usto
extend their agpplications to "dynamica" physica phenomena,
recalling that up to the present time the published applications had
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mainly a kinematical nature. We will therefore consider the Compton
effect, that is a phenomenon in which the relativigtic trestment of
electrons and photons is considered essential. In spite of this we will
show that the theory based on the IT is perfectly able to explain the
empirical evidence if the dual nature of the photon (particle and wave)
istaken into account.

2. Propagation of energy

We consider the propagation of a light particle P (in practice a very
small light pulse) in the privileged frame &, relative to which the
velocity of light is ¢ in al directions. The postion of P is given by
two coordinates X, and y, satisfying, at time t,:
X, = Ccosdt, ; Y, = COe9 4t 5
Relative to the moving inertial frame S which superimposes with §
a time t,=t=0, we describe P with the coordinates x and y
satisfying, at time t
X = Cg COSY t , y=C.Sing.t 6
Given the smallness of the pulse, the energy transported by it is

clearly propagating with the same velocity and in the same direction.
This is the reason why the index E was gppended to velocity ¢ and

angle 4.
Our firg task isto use the inertial transformations to determine ce

and 4 interms of the & quantities c and 4, , which are considered
known.

The ("inverse") inertial transformations from the moving frame S
to the privileged frame S are:
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\/ t
Xo =Rx+ St 5y, =y o L= o (7)
Subgtituting (7) into (5) wefind
X = % (cosd, — )t Ly = %OOOSOt 6)

with g =V /c. A comparison of (6) with (8) gives
C , C
C. cosd = = (cosd, — f) ; C. 9609 = = 9009,

By dividing side by side these two equations one gets

tan g, 9N (10)
cosd, - f
By squaring and adding the two equations (9) one can also obtain
c
c. = ?(1 — [ cos,) (12)

Eq. (10) coincides with the well known relativigtic aberration formula
[6], [7]. All quantities appearing in the right hand side of (10) are
relative to the sysem S where Lorentz and inertial theories agree on
the numerical values of 4, and £ . Therefore the aberration angle is
predicted by the two sets of transformations to have exactly the same
value, and this for arbitrarsy S One obtains thus a complete
explanation of the aberration effect within the approach based on the
inertia transformations.
Subgtitution of EQ. (11) into (9) gives
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cosg = M : sng = Rsindg,

: —— 12
1 - pcosy, 1 - pcosy,

Thus we see that the propagation direction of the light pulse in Sis
gpecified by the unit vector with components:

A= cosY, — f | Rsndy, (13)
1 - pcosy, 1 - pcosy,

e =

The pulse velocity can be expressed in terms of the angle & inS
Comparing (13) with A, = (cosd,sind; ) one can easily obtain

2
1+ Bcosy. = R (14)
1 - pcosd,
which, substituted in (11), finally gives

. — (15)
1+ S cosd:
As expected, c. coincides with the one-way velocity of light

relative to d8] obtained in the framework of the inertia
transformations.

3. Wave equations relative to the moving
system

We gart from the transformation equations for the space and time
derivatives. From the inertial transformations (7) one can easily
obtain:
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o 1o . 2 _2 . 08 _0
o Rox oy ' oz, oz
%o o y Z4) (16)
o __ Vo RO
ot, R ox ot
From (16) one gets.
o _ 1o F . &
ok Roxx T oy oy | o2 o7 an
1 62 1_ﬂ2 62 ﬂ 62 ,82 62
2 a2 T 2z T2 + 22
c” ot c- ot C oxot 1- 57 ox
Therefore the Laplace operator in & satisfies:
ﬂZ 62
Vi =V + (18)

1- B2 X
Asit iswell known, from Maxwell’s equationsin S, follow the wave
equations.

- 1 0°E, , - 1 6°H

VoE, = PP , VeH, = P 6t§0 (19)
We wish to see how they must be written in the S frame. By
applying (18) and (17):

_ 2 A2F 2F _ _p2 A25 215G
V2E0=1 zﬁ 0 Eo_ga E, ;V2H0=1 ,28 0 io_ga H, @

c- ot C Oxot c ot Cc oxot

0)

Consider now the transformations of the fields established in [9]:
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En=E i By ==(E+AH,) i Ey==(E-fH))

(21)
. 1 . 1
HOx:Hx’ HOy:E(Hy_IBEz) ’ HOZZE(Hz—i—IBEy)
Owing to (21), the equations (20) can respectively be written:
2
veg 1P OB 280,
c- ot C Oxot
1-p* O°F, 25 OE, _1-p%°H, 2B °H

c¢ ot® ¢ oxat
1- 5% 3°E, 2 0°E, 1- g2 0°H, 2B 0°H
VE, Tttt /{vzHy— Yy LTy

c® ot? c oxot

— p? o°H o°H Yy ok 2
vy, LB OHy 2BOMy ey 1B OE, | 28O,
o> ¢ oxot

_ p2 A2 2 _ 32 0°E O0°E
vH _ﬂﬂ+%&:[{vz%_l pIE 2 j

¢t ot? c oxot ¢ ot? ¢ oxot

Notice that the second of (22) and the third of (23) have the structure:
(F=-pG ® G=-fF} = F=pF = F=G=0(24)
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Also the third of (22) and the second of (23) have a similar structure
and lead to a smilar consequence. Therefore, repeating also the first
equations (22) and (23) we write:
1- B? 0°E, 2B 0°E,
2 7 t— =
c- ot Cc oxot
1- g2 O°E, 28 OE, _

V’E, -

1-f* O°H, 28 0°H,

e e st (25)
1- 42 0°H, 28 0°H,

2 2 T o T

C ot Cc oxot

Eqg.s(25) arethe wave equationsin S In vectorial form they become:
2B 2E _ n2 A2 215
1- p* 0°E 2B 0°E .vzﬁ_lﬂaH_ﬁaH (26)

¢ ot ¢ oxot o o ¢ oxet
We see that also in S the wave equations have the same form for E

and H . As the strong form of the relativity principle does not hold
with the inertial transformations, eg.s (26) are different from eg.s (19)
vaidin S.

VZH, -

V2E =
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4.  Properties of the plane waves

It is well known that the Eq.s (19) have plane wave solutions of the
form

E, = gkl (27)

where &, is the constant amplitude, v, is the frequency, IZO is the
wave vector giving the propagation direction. Relative to & the
velocity of light isc, therefore k, = v,/ C.

A linear transformation (Lorentz, inertia, ...) of the space and
time variables and of the field components maintains the genera
gructure of the plane wave. Therefore we can assume that a solution
of thefirst eq. (26) isof the type:

E - é.ezm(k-r' -n) (28)
with & constant amplitude, v frequency, k wave vector, al relative
to S Inserting (28) into (26) and noting that:

2 2
VE = 47kE ; S5 - a4rvE ; O5 _4phkE
ot oxot
we obtain the second degree equation in k:
_n2
k2P cosgk-1F 220 (29)
c c

with k, =kcos$. The k > 0 solution of (29) is.

k = %[,80058 + Jl—ﬁzgnz.ﬂ (30)

This holds for plane waves satisfying (26). In the sysem Siit is
analogous to the relationship k, =v,/c holding in the privileged
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frame. Eq. (30) implies that the seeming velocity of the wave, c,, is

the same for all frequencies v (therefore the waves do not disperse in
the vacuum) but depends on the propagation direction according to:

v c
C, = — =
"k Bcosd + 1- fPSn?d
We will later see, however, that the direction of k does not
coincide with the propagation direction of the energy transported by
the wave [10] and that (31) does not represent the true velocity of the
wavein S
Naturally we could have deduced the previous results from the
magnetic equation (26) by studying its plane wave solutions similar to
(28). Actualy the electric and magnetic equations lead to the same
properties of the plane waves.
Next consider again eqg. (28), for which:
& =27ikE .. E __orivE (32)
OX ot
the dots standing for y and z derivatives similar to the x derivative.
Thus to the vectorial operator V corresponds the imaginary vector
27ik and the time derivative operator to the imaginary scalar —27ziv .
In the same sense one can see from (27) that in § to Vo corresponds

27 IZO and to the time derivative corresponds —2riv,. That is.

(31)

V > 2rik X %—)—Zﬁiv
g &)
Voo 2rik, ; ——>-2riv,
ot,
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We can now easily find the transformations of wave vector and
frequency between the two reference frames S and . The phase
invariance of the plane wave (27) and (28) can be written

2721 (Koo + Koy Yo + KouZo =ity ) = 271 (K X+ K,y +k,z—11)

Substituting the inverse inertial transformations (7) and noting that the
previous equation holds for arbitrary values of the space and time
variables one can easily obtain:

kOx = 1kx : kOy = ky ; ka = kz ; VO = RV + !kx (34)
R R
whence one gets.
v, — V
kx = RkOx : ky = I<0y ; kz = ka Vo= O—kOx (35)

R
Let us define the unit vector i, by writing k, = ki, = (v, / €)f, .
One hasthen Vk,, = V-, (v,/c) andthelast eg. (35) becomes

v = V—Fg[l—v'TﬁOj (36)

The Doppler effect formula (36) was obtained in Ref. [10].
Consequences of (35) are:

k = ko\/]TCOSZSO © coS :ﬁ: Rcos 9, 37
Ny Ty
where cos, = k,, / k,. Eq.s (37) are the transformations of the wave

vector modulus and direction. From the second of (37) one gets
easlly:

© 2007 C. Roy Keys Inc. — http://redshift.vif.com



Apeiron, Vol. 14, No. 3, July 2007 199
sing,

\1- % cos’ 4,

Thus the unit vector normal to the wave front in S
A = (cos$sing), can bewritten:

- Rcos 9, | sing, (39)
\/1— B cos’ 8, \/1— % cos’ 8,
Thisisto be compared with the energy propagation direction given

by (12):
A cosg, — f Rsing, (40)
¢ 1- Bcosh, ' 1 - Bcosh,

Subgtituting in (39) the relationship

sing =

(39)

pcos’ 9 = (ﬁo \7) (41)
we get:
A= L . {ﬁo + (R—l)v'2 \7} (42)
1-(, -V /¢? v

Eq (42) coincides with the Puccini-Selleri formula [10]. For the
seeming phase velocity ¢, (aready found in (31)) by using the
transformations (36)-(37) aswell as (40) one has.

Vv v, 1- V-iy/c _c 1-V-i/c

C
© K RiG-Foss, RO () e
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Also (43) coincides with aresult found by Puccini-Selleri [10], and
furthermore it coincides with (31).

Further conditions are found by assuming that the plane waves
satisfy the Maxwell equations in the form established in [9]. The
Maxwell equations in Sin the vacuum in regions where there are no
charges and currents have the form:

vxE-_1H ; vxH =1%& 'V-H'=0; V-E'=0 (44)
c ot c ot
where
H'=A+4xE ; E'=E-jxH (45)

with 4 =V//c .Using the correspondences (33) we can write for V x E
andV x H asgiven by (44) and (45) :
L e L L Vi . -
Kxg =E(h+,8><e) . Kxh :—E(g—ﬂxh) (46)
Multiplying the first and second Eq. (46) respectively by £ and
h we get:
§h=0 (47)

Thus the solutions of the wave equations (26) respecting the Maxwell
equations in S have, jus asin &, perpendicular electric and magnetic

fields. Using again the correspondences (43) we can write forv - E'
and V- H 'asgiven by (44) and (45):

R-(é - Bxﬁ) =0 ; E.(ﬁ + Bxg) =0 (49)
From (48) another important result followstrivially:
k-& =k-Bxh ; k-h =—k-Bx¢& (49)
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Eg.s (49) show that the plane wave solutions of the wave
equations, differently than in &, in general are not transverse in S
That is, the electric and magnetic fields, even if perpendicular to one

another, are not orthogonal to the seeming propagation direction k .
Furthermore the fields obey the Lorentz transformations (21), from
which one easily obtains:

& —h?=g? - h?; &-h=5-h (50)
Giventhat ¢, = h, one seesthat:
g =h (51

In conclusion in Sthe wave fields are perpendicular to one another
and have equal moduli.

5. The physical wave vector

In & the propagation direction of the electromagnetic energy is
perpendicular to the electric and magnetic fields &, and ﬁo The

theory of the inertial transformations should show empirical
equivalence to the TSR. According to this expectation also in Sthe
propagation direction of energy should be perpendicular to the

electric and magnetc filds £ and h . We can show that this isindeed
the case by writing (48) as.

K- =B.(ﬁx|2) - Kk-h =—B~(5><|2) (52)
Inserting now EQ.s (46) inthe right hand sides of (52) we get:
(E—Kﬁj-g =0 ; (E—Kﬁ).ﬁ =0 (53)
c c
Eqg.s(53) imply that the vector:
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— — V —
ke = p (k - ﬂj (54)

is perpendicular both to Z and to h (p is a normalizing factor).
Notice that

k. Ep\/(ﬁ—%ﬁj(ﬁ-%ﬁ}zp\/ —27 ,BkcosS+ ,B (55)
By using (29) one can also write:

k- = pvic (56)

We can now show that the propagation direction of the

electromagnetic energy transported by the wave, as described in the

frame S is given by k.. Representing k. with its components we
have:

Ke zp[kx - oh kyj (57)
whence, using (35) and (36)
ke =p(RkoCOSz9o—£(l—ﬂCOSl9o)ﬁ, kosiné’oj (58)

which isthe same as.

ke = p% (cos$ - B, Rsing,) (59)
Therefore IZE isparallel to fi. (see (40)) and one has necessarily:
Ao K _cfr_vs
Moo= = V( Cﬂj (60)
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This shows that the vector k. =k.fi. gives the propagation
direction of the electromagnetic energy transported by the wave
relatively to the frame S Therefore IZE as defined by (54) will be

caled effective wave vector. It is useful to define also the effective
wave length L :

L = & (61)
v
which due to (15) and (36) becomes.
lc
L = == 62
RV, (62)

elongated by a factor /R, as expected, with respect to the
wavelength 4, = c/v, measured in .

6. Photonic energy and momentum

Suppose that relative to the inertial frame S, a photon has energy and
momentum respectively given by:
hv,

E =hy | pozTrB (63)

The photon is the quantum of the electromagnetic field. Its energy
relative to the moving frame S [11] is:

1 hyv
E = E(Eo_vpm) = ?0(1 - ,3008190) (64)
where 9, is the angle between the photon propagation direction and
the X axis of S. The frequency isrelated to v, by eq. (35). Therefore,
substituting (35) in (64) one gets.
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E =hv (65)

Using the first of the inertial transformations for momentum [11] one
gets

1 g hv,
= = - £ = —%[cos, - 66
P, R[pm CEO} ~olcosd, - 5] (69)
whence, introducing once more eq. (35),
p, = L =h = 67
c1l - pcosy,
Therefore, thanksto (12)
P, = coss, (69

Supposing now for simplicity that the photon has p,, =0, one can
writein S

hv, .
P, = Py, = Tosmgo (69)
Using once more eg. (35) one gets.
p, = R __SN% _ (70)
c 1 - pcosd,
or aso, introducing (12)
p, = h—ci/s-nng (7D

From (68) and (71) one sees that the modulus of the photon
momentum in the frame Sis

p=-—" (72)
Cc
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In conclusion, given that relative to the frame S the photon has
energy and momentum respectively given by (65) and (72), these
quantities can be written as functions of the frequency in formally
identical ways in § and S This is of course the standard result in the
TSR, but it needed to be proven anew in the agpproach based on the
IT.

7. The Compton effect

We now apply the found results to the Compton effect [12]. Suppose
that in the sysem S the photon has initially the frequency v and
travelsin the +x direction and the electron is at rest.

hi/c
S
ho/c Y
= W el sl g .,:::- :
ﬂ-!, &h
L

Figure 1. The Compton effect.

From the conservation of energy and momentum in the frame S
one gets the equations.
hv +mc? = hv' + E,
&:h—vcosz% p'cosg ; O:h—vsinzsl— p'sing
c C c

In order to get rid of the angle ¢ we rewrite the second and third
eq.s(73) as

(73)
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p'cosg = m—Mcos&l . p'sing = h—V’sinlsl (74)
c ¢ c
By squaring, summing, and multiplying by ¢ we get:
pe® = () +(hv')* —2(hv)(h')cos$ (75)
Fromthe first equation (73):
E? = (hv—h'+me?) (76)

By subtracting side by side (75) from (76) and using the electron
mass condition we get after afew steps.

r_1r_.n (1 - cos9) (77)

V' 1% mc?

This is the famous Compton formula expressed in terms of the
synchronization independent frequencies. Thus aso the inertia
transformations predict essentially the same formula that Compton
found in 1923 by using the theory of relativity. Rewriting the
Compton formula in terms of wavelengths is not trivial in the present
approach, given that the velocity of light relative to Sis given by Eq.
(15). It will be done in the next section.

8. The wavelength determination

In Compton's experiment (see the satup in Fig. 2) x-rays of
wavelength 0,0709 nm produced in an x-ray tube struck a carbon
target. A series of dits allowed only those scattered x-rays which left
the target in a direction forming an angle ¢ with the direction of the
incident x-rays to enter the spectrometer. The value of 6 could be
varied by moving the x-ray source. The spectrometer consisted of a
rotating framework with a calcite crystal to diffract the x-rays and an
ionization chamber acting as a detector. As the glancing angle ¢ at
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which the primary beam of x-rays struck the crystal was varied, the
angle between the ionization chamber and the primary beam was kept
a 2¢, in order to receive the secondary beam reflected from the
crystal. Since the spacing of the crystal planesin calcite is known, the
wavelength of the scattered x-rays could be accurately determined
from the angle ¢ a which they were diffracted with maximum

intensity (Bragg's law, a well known interference effect). Thus the
output of the spectrometer, for any chosen value of @, was essentially
the intensity of the scattered x-rays as a function of wavelength.

Calcite
crystal

Carbon

Detector
X ray tube

Figure 2.In Compton’s experiment x-rays produced in an x-ray tube struck a carbon
target. A series of slits allowed to enter the spectrometer only those scattered x-

rays which left the target at an angle @ with respect to the incident x-rays. The

value of @ could be varied by moving the x-ray tube. The spectrometer consisted
of a calcite crystal to diffract the x-rays and an ionization chamber acting as a
detector. An application of Bragg’s law determined the wavelength of the scattered
X-rays.

A laboratory is a rest in the inertial sysem S moving with
absolute velocity v and in it a Compton experiment is performed
with a beam of x-rays. Given the quantum mechanical properties of
photons a correct description of the propagation must take into
account both particle and wave aspects of the radiation. From the
undulatory point of view one should consider that in such an
experiment two different photons are incoherent and do not interfere.
Therefore the interference taking place in the crystd arises from a

© 2007 C. Roy Keys Inc. — http://redshift.vif.com



Apeiron, Vol. 14, No. 3, July 2007 208

very large number of repetitions of interference of an individual
photon with itself.

A photon born in the point P propagates to the point Q where it is
detected. The extension of the quantum mechanical wave describing
the photon implies that its propagation can be represented by
infinitely many Feynman tragjectorieq 13], two of which are shown as
(& and (b) in Fig. 3. Actually the curved part of the trajectory is
limited to the insde of the Calcite crysta of Fig. 2, outside of which
the propagation is rectilinear. Notice that the big grey arrow of Fig. 3
represents the laboratory "absolute' velocity (velocity of the inertial
reference frame S in which the laboratory is a rest with respect to the
privileged isotropic frame &). The interference in Q (a point of the
detector) is determined by the time delay AT between the two paths.
According to the TSR light propagates in al directions with the same
speed C also with respect to € and one has:

AT =T, - T, = % (78)

(a)
®)

Figure 3. A photon born in the point P propagates to the point Q where it is
detected. From the undulatory point of view the propagation can take place along
infinitely many trajectories, two of which are shown as (a) and (b). The big grey
arrow represents the laboratory absolute velocity.

where L, and L, arethe P to Q lengths of the curves (a) and (b):
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L= [de, 5 L= [d, (79)
(a) (b)

Next we caculate AT from the equivaent transformations,

according to which the inverse velocity of light relative to Sis given
by (9). One has
AT - ds, de, (80)
(b) cl(gb) (a) Cl(ga)
where 6,(6,) is the angle between d/, and ¥ (d?, and v). By
inserting (A8) in (79):
aT =L -h L jdébcoseb _L jdéacosea
¢ C ® C &

(81
L, - L

c

2+ L [di, - [di,
C i (a)

The term with curly brackets vanishes because the two integrals

separately equal the vector joining the points P and Q. Thus (78) and

(81) are the same. Therefore /7~ (containing €,) disappears from the

result and there is a unique AT predicted by all theories of the set
based on the equivalent transformations. This AT leads to a unique
numerical prediction for the angle @ a which there is congtructive
interference of the photonic waves accompanying a photon after
interaction with the atomic lattice of the crystal. At this point it is
possible to gpply an arbitrary theory of the s&t, e.g. the STR assuming
that the velocity of the x-raysis ¢ aso relativeto S. Given the result
(77) of the previous section and assuming Av = c oneclearly getsthe
Compton formula for wavelengths:

<]<1
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A = 2y = Ac(1 - cosb) (82

A different result is possible if one starts from a different theory of

the set, for which Av =c,(8), but the difference is in any case only
formal and not substantial, as we have shown above.

Appendix

In this appendix we will present a smple method to obtain,
consigtently with the equivalent transformations (1), the velocity of a
flash of light propagating in a medium at rest in the generic inertial
frame S Consider the triangle ABC of fig. 4, a rest in the inertial
frame S with sides having lengths /,;,/,. and /., and with
suitably oriented mirrors placed in B and C (not shown).

A Yo Ay

ﬁv

x Y
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Figure 4. The triangle ABC is at rest in the inertial frame S. Suitably oriented
mirrors in B and C (not shown) force a flash of light emitted in A to propagate on
the closed path ABC. Along AB light propagates in a medium, while the sides BC
and CA are in the vacuum.

The time t,;. required by light to propagate on the closed path

ABC can be measured with a single clock in A independently of
clock synchronization and is given by

Lo + Lo + fa (A
C, C C

CA

t =

ABC
BC

where c,; isthe velocity of light from A to B, and so on.

The sides BC and CA are intended to be in the vacuum, while we
assume that the path AB is inside a medium (refraction index n) at
res in S In the TSR the velocity of light in such a medium is given
by:

== (A2)
n

In fig. 4 BC is perpendicular and CA antiparallel to the absolute
velocity v of S Therefore, by using eg. (2) for light velocity in the
vacuum we have

to. = Loy Lo &(1—1“) (A3)
C, c c
The prediction of the TSR according to (A2) isinstead
t,. = éABD + Lo + lo (A4
c o c

The time t,;. , measurable with a single clock, is independent of
the synchronisation parameter g . Therefore (A3) and (A4) must be

equal and it follows
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gm{i ) n} _ lar (A5)
C C C

whence, considering that /., =/ ,, COSE

i _n N I cosé (A6)
C c c

AB

This result shares with eq. (2) a property that can be written for
any two points X and Y connected by light propagation in the vacuum
or inamedium asfollows:

1 _ 1 N I' cosé (A7)

Ciw C

c

XY

where /"is independent of the medium. Clearly, the propagation time
dt over the very small distance d/ is
de T di-

c™R c v

where d7 isthe vector of length d¢ oriented in the direction of light
propagation. The latter result is used in the text for deducing the last
expression (81) of AT.

<

dt =

(A8)
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