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One enigma in physics that still remains unsolved is the Pioneer anomaly[1]. Since in
Einstein's Special Relativity Theory (SRT) the one-way speed of light in vacuum is
postulated, one possibility which could cause this discrepancy is that the one-way speed of
light (radio signal) in an inertial frame of reference attached to a source of light deviates from
Einstein's constant by a legitimate manner. This paper shows how it is possible to build up
the Complementary Special Relativity Theory (CSRT) [3] following the criterion of logical
independence of postulates of an axiomatic theory. The mission of the CSRT is not to replace
Einstein's Special Relativity Theory. Both of them must coexist and should have physical
applications. The intersection of their consequences is a nonempty set. Since the CSRT does
not embody the constant speed of light by Einstein's way, some of the predictions the two
theories make are different, thus the new flat space-time theory can be used as a test theory of
Einstein's SRT.

PACS numbers: 03.30, 04.20, 04.80.Cc, 95.10.Eg

1 Theory

Einstein's Special Relativity Theory is an axiomatic theory;,THJ built on two postulates:
E;: All inertial systems of reference are equivalent for formulation of physical rules.

E,: Light signals propagate in vacuum with the constant velacitydependent of the motion
of its source.

By the criterion of logical independence of a postulates these two postulates can be
considered as logically independent, if there exist models, interpretation or physical
application for next two complementary axiomatic systemsi, Nién E] and

T[E1, Non E] , respectively.

The second Einstein’s postulate can be formulated in the form of logical conjunction.
E,: In vacuum in an inertial reference frame F, which is rigidly attached to a receiver, the

speed of light is always constanfpropositiona) and hereby the speed of light in an inertial
reference frame F’, which is attached to a moving emitter, is always the same constant ¢
(propositionb ). Both of F and F’ are called Einstein frames.

E, { a ¢b, which is also interpreted as that the speed of light is in SRT an invariant
guantity.

Comment 1 This situation is logically possible only if the coordinate time intervaind

't that correspond to a space-time event in inertial reference frames F and F', respectively,
are not invariant quantities.
The second parb of this conjunction is equivalent to the statement that the light spreads
from a point source always in the form of unique spherical wave front by constantspeed
Comment 2.We stress that the one-way speed of light cannot be measured by using clocks,
because of absence of the proper time interval in the frame F'. That is why the projosition
(isotropy of the one-way speed of light) is just a postulate.



2 Complementary Special Relativity Theory(CSRT)
Let us derive the flat space-time theory based on the propositiohdNGfh E, .

Since the propositiora is experimentally verified (Michelson & Morley ResulvivR), it

meansa { MMRIs true statement, we have

aS™, as™ash) as(™M>™ as™ (2)
Wording:

In vacuum in an inertial reference frame F which is attached to a receiver, the speed of light is
always constant and hereby it is not true that the speed of light in an inertial reference frame
F’ which is attached to an emitter is always the same cortstant
To build up a postulates of the new flat space-time theory demands axiomatically establish the
One-way Velocity of Light Postulate (OWP)which will correspond to (1):
The one-way velocityi of the light receding from the source placed in origirf a moving

inertial frame of reference F' to a point P which is at rest in the frame F, emitted at the
moment when F and F' coincide, is vector functiatependent orDand .} , with the

norm]u*: U e X 2cXosD ,where ) is the relative velocity of the frame F' as

seen from the frame IFX X and Dbeing the angle between the directions@P and
positivex axis (Figure 1).

Figure 1: Points R P,, P; are at relative rest in the frame F(0, X, y, z). The speed of light as seen in the frame F is
c, in the frame F'is u'. The time coordinates t =t'.

Let denote the postulates of the CSRT, in honour of Michelson and Morléy, i , :



M, {E, M, { "E, SMMR SOWP

Comment 3.An observer in inertial frame of reference attached to any massive receiver or
detector sees the speed of a light wave which will be later received by this receiver as
constant ¢ regardless of relative velocity between an emitter and a receiver.

Since the speed of light is not invariant in the CSRT, the only possibility to choose
compensatory invariant quantity for a space-time event is the coordinate time interval. It
means in the CSRTt= 't .

3 Transformation Equations from F’ to F

Let the light signal is emitted from the source which is placed in the origin O’ of a moving
inertial frame of reference F'( X', y’, Z', t') at the moment when F(x, y, z, t) and F’ coincide.
( Fig. 1). We can describe spreading of light at the same form, as seeing in F and F’,
respectively:

F:x* y*> z» (ut)’,u c (2)
F:xé yé z¢& (ut¥ (3)

The transformation equations from inertial reference frame F' to frame F are :

X X X,y vy, 2z z,uc~c2 X 2cXosD, t t,cosl xict (4)

Comment 4.The time coordinates andt are equal (invariant quantity) and the
compensation for this fact is the infinite set of spherical wave fronts as seeing from point of
view of an observer in the frame F’, and unique spherical wave front as seen in the frame F.

4 Inverse Transformation Equations from F to F’

X X A,y y,2z z,u c,u Jué X 2cxosD t t,
cosL (x X)/ct

5 Frequency transformation
In Figure 2 a light source S, which is at rest in the frame F’, moves with constant velocity

|)<f3 Xas seen in frame F (i.e., in laboratory frame). The absorber is at rest in frame F at the

point R. i and i are the angles between vectorsand r(A R Aand,' and r‘B:R B,

respectively. Thed | is the angle betweew‘;\ and r(B . The source emits the, crest of light
wave at the poinfA at the timet, . Then at the tim¢; t, d Wthe source reaches the
point B and emits thgn dn),, crest of light wave. Botht, andt, t, d Ware two

readings of the same clock connected rigidly with the source. Thus the difference
dW t; t,is proper time interval in the frame F'. Thfe is the point in which the source

is placed at the moment when the crest is received by the absorbeRgtand B is the
point at which is the source placed at the moment whef(ntheln),, crestis received by the

absorber aR.
The distance between thg and(n dn),, crests is in general, from aspect of source,

changing in time. At the moment of absorption of the first wave front we denote this
distance [difference of radiuses of the two spherical wave fronts which are boung, with

and(n dn),, crests, respectively by.
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Figure 2: Aand B are points at which are emittefi, and (N dn),, crests, respectivelyA , B are

points at which is placed the source at the moment when absorBerrateivesn, and (N dn),, crests,
respectively.

Definition 1: The proper frequency at a source(is dn/d |
The first wave front reaches the absorbeRai time t,¢ | AR [/u t, |ry/c r./c
In this moment is the source at poift.

|AR{ (rA/c)\/c2 X 2c XosT, and hereby the last spherical wave front belonging to the

(n dn), crestis from emitter at the distanadg r,/c d V&> X 2c XosTc

It follows, that all waves which correspond with tte crests are inserted into the annulus
with radius /.

I (ra/ccE X 2cXosT- r,/c dV&/c? X 2cXosTc
I (ra/cWe® R 2cx0sT- r,/c dI/lZ\/c2 X 2cXos(T d7)

H r,lc l«/cz X 2cXosT \/cz X 2c Xcos Tcosd ) sin 7sin(d 7]
dgc? X 2cXcosTeosd 7} sin 5sin(d 7] (5)




According to the transformation equations from F’ to F, the receivBr absorbs all the
waves which belong to thén crests intimed | //c, whered lis also proper time interval
in inertial reference frame F.

Definition 2: The frequency as measured by the receiver & ¢ dn/d |

Now we can calculate relationship betwehandd | in particular cases.

6 Doppler effect formulas
A (First longitudinal)
Let emitter be approaching the detector. Then0, d i 0, cosi cosd i) 1,

sini sindl) 0 and /reducesto H dWc® X 2cX (6)
It follows d W Hc (d gc® X 2cXlc
Udw @/dWc2ic? X X (7)

After multiplying equation (7) bydn,
we get dn/d W (dn/d Wcl(c X

Cc
0 &% ©

B (Second longitudinal)
Let emitter be receding from the detector. Then &, d 7 0,cosi 1 cosd’i) 1,

sini sind!l) 0, HdWc® X 2cX,dW Hc (dWc* X 2cXlc
C
Q O%—X 9)

C (Transversal)
Let the angle bei  &/2. In order to calculate/, we need the value aos@ i) and sin(d 7).

Let|ry| ralrs| Te-
According to geometry shown in Figure 2, we have
dr Jdt, 7 i di, ry r, dr (10)

From the last one of equations (10) we arrive

o (r, dr)> r2 2ndr r’ 2r,cosar|
or re r, XosAt, (11)
Where]dr‘| dr Xt is used, anditis the coordinate time interval corresponding to proper
time intervald | in the moving fame F'. From (11) fori &/2,we getry r,.
From the rectangular triangleABF in Figure 2 we haveos@ 7) r,/ry r,/r, 1,it
follows sin(d i) O.

So the / reduces toH d Wgc® X , dn/d W (dn/d Wt/vc* X
% C ; | c? ; / X
© Jo2 X ¢ X ! ¢ X

D (General Doppler)
Now we suppose thati « (0, & ¢ 7z £/2. According to relationsl i ! 0,

i 1 1 diYcosi!cosi,the first expression in equation (5) is negative:




(rA/c)gc2 X 2cxosT N2 X 2c XosTc 0 (12)

It follows that the distance, which corresponds witldn crests, decreases with rising
distancer,, thus the Doppler transformed frequency is slightly rising up (blue shift)
dependently on the distance between an emitter and receiver.

This phenomenon was first observed by the Jet Propulsion Laboratory by Doppler navigation
of the Pioneer 10/11 spacecraft and is still misinterpreted as the spacecraft is accelerated
towards Sun, or that the Doppler velocities of spacecratft like Pioneer 10/11 or Ulysses
decrease with distance ([1], Fig.1.,p. 2859).

In order to show how the CSRT works, we will apply it in next two chapters on Pioneer
anomaly[1] and on Kaivola's Doppler shift in neon[2].

7 Pioneer 10 anomaly

John D. Anderson, et al. state that some "mysterious” accelesigiq8 +3) 10° cm/< slows
down motion of the spacecraft, which recedes Sun on hyperbolic orbit.

In order to show the origin of the so called acceleraijpwe suppose that the Earth is
placed on the abscissa Sun-spacecraft in order for a while to neglect orbital and rotary
movement of the Earth.

Range

We compute the round trip time interval first from point of view of the SRT and then from
point of view of CSRT always in the frame attached to the Sun.

SRT:

Let's send the radio-signal from the Earth to the spacecraft S at the moment when its distance
from the Earth is.

Up: Let the speed of the spacecraft regard to the Eatti{\we suppose that the radial
component of the spacecraft velocity is equal to its total velocity X, Hehote the time, in
which the radio signal reaches the spacecraft in inertial system Earth.

The speed of the radio signal regard to the Eaxth is

Thentc s X VYt S

c X

X
P S S
Down: The radio-signal spans the distascet, X s+ intime g = c X X
C C C
The round trip of the radio signal takes timg+ &= Z_SX
C

CSRT:
Up: The speed of the radio signal emitted from Earth towards receding spacecraf¢ is

. S . .
Thenti ¢ X=s+ .ty Y ti=—.When the signal reaches the spacecraft, the distance
C

\

. S
between Earth and the spacecraft is=~ .
o

sX
c
C

S sX

Down: t.C
C

olwn



, o , 2s s’
The round trip of the radio signal takes time t.C — —2/
C cC

The signal returns to Earth sooner than the SRT predicts in difference
2s 25 sX sXc ¥ tX(c ¥

TG Gy — c’lc ¥ c’(c X

where s t. is used.
By JPL interpretation, this caused by acceleration directed to the Sun or the contraction of the

FRXUVH RI 3LR1@H:V2-BL,I2 E\ @

Fors=65AUand, 13km/s,t 75x10°s,

t =1.4084554 s; = 300,00Ckm/s AU= 150,000,00&m If we choose for given range
seasonal magnitude af, = 75x10 “km/s* W KHQ Ed=-132a,t = 210 93%m

and by comparison CSRT and SRT predictions we'get 1/2c't 21126&m.

8 Kaivola's Doppler Shift in Neon

Kaivola et al. [2] measure the frequency difference between a two photon transition in a fast
neon-atom bean) and in a cellQ. They show that the prediction by Special Relativity
Theory (SRT) is in accordance with measured result.

It will be shown that the application of the Complementary Special Relativity Theory gives
also prediction in accordance with measured differeige ¢ 3235VIHz.

The process of the Doppler transformations of the laser frequency has this logical sequence:
[Laser frequency in the rest frame of laboratogy] o [Photon frequency in the rest frame

of moving atom] Q@ o [Two resonant frequencies in the rest frame of laboratory
@ 1681666634m*', @ 16937386Zm ‘], measured in a cell.

First, we must realise that in both of the relativistic theories, SRT and CSRT, the frequencies
f, c@andf, c Q@ arethe Dopplertransformed frequencies of two photons emitted by
moving atoms and measured by detectors in a laboratory frame, towards which the atoms are
receding and approaching, respectively. It does not matter whether the frequnGlese

obtained in the laboratory frame by resonance or not, in the case of the fast moving atom they
are not equal to frequency produced by moving atoms in a fast beam in their rest frame.

CSRT analysis

First we compute the frequency emitted by atoms in the fast beam in their rest frame. The
one-way velocity of the light emitted from atom receding and approaching detegtor %
and(c ), respectively.

So we can calculate the proper frequency of emitted photons in the rest frame of moving
atom:

f, @Cc X 1681666634u30086465234398 5059540476395(Hz (13)

f, Q(c X 169373862u2987202638,56019 50595404763950Hz (14)

If we divide equation (13) by equation (14) we get the same formula for velo@fyhe
atom in a fast beam as in the SRT analysis:



Q ¢ X 1
Q@ c X f,
; 0,0035764552694414 107219438m/s
If we multiply Eq.(13) by Eqg.(14) we find relation between frequencies
c? cc X
fa QQL* X) QQ( )?)C—z fif,—=— (15)

C
X
NN =

Since the frequency of the atoms in a fast beam depends only on the laser frequency in the
laboratory framef, , and on their velocity’ regard to the laser source, i.e. regard to the

laboratory frame, we find that the expressjggfl f, must equals td, .

X
fa  fioqd 2 (16)
fIb fat 1 fat"]
X
g

The second order Doppler shift prediction is:

ff, i fe f J 5050605189138z 50595728382320 323589MHz

C

This is the same prediction as Kaivola et al. have got in their SRT application.

9 One-way speed of light - laboratory experiment

We can demonstrate consequences of the one-way velocity postulate (CSRT as a test theory).
Let we have a standard clock in the place of the source. The source S is sending out
electromagnetic signal with frequenayinto two parallel courses. In the first course to the
stationary receiver SR, while in the second course to the moving receiver MR. We will

register the number of crests (not frequency) which will be registered by the stationary
receiver as well as by the moving receiver. Let us start to emit the electromagnetic signal at
the moment when the moving receiver (receding from S) is from the source at the distance
and the distance between the source S, and the stationary recejeer s. We denote this

time byt, O.

=R

5 _ il
e + {
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Figure 3: The source S emits a splitting light into two parallel courses at the instance when the receiver MR
receding source S is at the distar&e




As is depicted in Figure 3, a breakdown switch will switch off both counters on the stationary
receiver as well as on the moving receiver at the moment when the moving receiver comes to
the same distance from the source as the stationary one keeps. The numbers of registered
crests on both receivers is identical when we consider in framework of SRT, and it is various
when we consider in framework of CSRT.

SRT:

The first crest reaches the stationary receiver SR in thé tim& c. The last one in the time
t, (s a)/ X Thetime interval, as measured in inertial system "Source” during which the
stationary receiver receives creststis, (s a)/ X s/c (sc ac sX/cX

. . cC ac s’
The stationary receiver SR recorhs,. Gs—X/crests. 17)
C

The first crest reaches the moving receiver MR in the timea/(c  X. The last one in time
t, (s a)/ X The coordinate time interval, during which the moving receiver receives the
crestsis 'ty,, (s a)/ X allc X (sc ac sX/[Xc X .

Here we use corresponding proper time interval and the relativistic Doppler formula:
The moving receiver MR records

N MR/ / (fc ac sXc X &° ac;( SX rests. (18)
c c

Both, the statlonary and the movmg recelver record the same number of crests.

CSRT:
The number of crests received by the stationary receiver SR is the same as in SRT

ie. N, @=2¢ 57 (19)

cX
The moving receiver MR records the first crest in time a/c, the last one in time

t, (s a)/ X The time interval during which the moving receiver records crests is

'twe (s @)/ X alc (sc ac alX/cX Sinceinthe CSRT coordinate time interval
equals to proper time interval, the number of crests recorded by moving receiver is

C ScC ac a’ c ac a’
N 20
ree Qc X cX é (20)

The difference between predictions for receding receiver and stationary receivers is

cC ac a~ C ac s’ s’
Dreced Q;S XC )9, Qs CX QC(C )9, (21)
The formula (17) gives also the difference between the CSRT and SRT predictions for record
on moving receiver.
Similar formula for difference between predictions for moving receiver approaching emitter
and a stationary receiver is

S/

Dapr Qm (22)

Comment 5: A receding detector records during the experiment more crests then the
stationary, an approaching receiver less crests.




We will use them as a main instrument for special relativistic one-way speed of light
experiments without using a clock.

10 Proposals for space experiments

Direct search for deviation of the one-way speed of light without using clocks

The principal physical objective is to measure one-way speed of radio signal emitted from a
geostationary satellite towards ISS and alongside toward a space vehicle.

First, we focus on situations at which both of them fly according to the emitter at least several
seconds by constant velocity, i.e. situations at which they will represent an inertial reference
frames. Secondly on experiments with noninertial movement. Arranged experiments require
to equip ISS and a shuttle by identical digital wave counters that will store information on
total number of radio waves received during given count time, and to equip a stationary
satellite by a transmitter of radio waves, using S-band 13cm) communication system.

11 Digitally counted number of waves travelling through the antennas of two

spacecraft

Facilities:

1. Source of radio signal - Geostationary satellite (GSS).

2. 1SS and a shuttle flying in west-east orbits at the same plane by two different velocities
regard to the GSS. Both of them are equipped by a device which will switch off both counters
at the point at which the crafts will have the same distance from GSS, i.e. when they are
colocal, as it requires SRT.

3. Process:

We will consider following space-time events from point of view of reference frame F
attached to GSS (i.e. the frame F will be considered as a laboratory frame). The ISS has
circular orbit with given altitude (about 335 km). Let the GSS is placed at the orbit plane of
ISS. Let the points X and X' are elements of this orbit, and lines [GSS, X] and [GSS, X1,
respectively are tangents to this orbit.

a) Space vehicles receding GSS.

Let the shuttle has elliptic orbit with the lowest altitude(perigee) 335 km at point X.

In vicinity of point X is the velocity of shuttléf, and the velocity of ISSSg.

The veIocitiesX, )gand line [GSS, X] are parallel. So the radial components of their
velocities will be the same as absolute value of their velocities. We want to bighve |J].

For simplicity we suppose that the point X will be also the point at which both of space
vehicles "quasi coincide”, i.e. point X is the spot where their wave counters will be switched

off. Let GSS starts to emit coherent radio signal with frequehegveral seconds (say 10-

100 seconds) before ISS and the shuttle reach the point X. So we can determine the distances

a,,a, of both space vehicles from GSS. Let the distaB&S X| s, as it is depicted in
Figure 4.

10
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Figure 4. Shuttle caches up with ISS at point X. The orbital velocity of ISGigihe velocity GSS isv
The GSS starts to emit coherent radio signal when orbital velocity vectors are radially directed. According to
CSRT the speed of the signal towards ISS is {canwd towards the shuttle (chv

Now we imagine a virtual stationary receiver at point X. After switching off both of moving
counters simultaneously at the point X, according to SRT , both of the counters on the board
of ISS and the space shuttle should record the same numbers of waves as the virtual stationary
receiver.

According to CSRT, the number of recorded waves will be higher at the faster moving shuttle.
b) Space vehicles approaching GSS.

Let at vicinity of the point X' is the velocity of shutﬂf; and the velocity of ISSX.

){|| X|| [GSS, X]. We will have J(| > |)g|. We suppose again that the ISS and the shuttle
guasi coincide at point X'

By SRT prediction both of the counters on the board of ISS and the space shuttle, respectively
should record the same numbers of waves as the virtual stationary receiver at point X'. It
means their records ought to be again identical.

According to CSRT formula (22) the number of recorded waves will be less at the faster
moving shuttle.

c) First space vehicle is launched to the west-east circular orbit (ISS), second (shuttle) to the
east-west circular orbit with the same radiuses. Let the absolute value of their inverse
velocities in the vicinity of point X or X' are equal, i.e}{||= |X|. After similar procedure as

in cases a) and b) above, by the SRT prediction both of counters will have identical records,
and by the CSRT, if we plug in numbets: 2306095830,769Hzs 41626,175 km,’ 7,7
km/s, c= 299792,458 km/s into formulas (21), (22), we get difference

s’ s’ 2s)
+ 16425,63 Hz
Qc(c X Qc(c X ch )

d) Similar experiment can be performed by using a shuttle during its landing operation and an
aircraft flying opposite the shuttle. We would need such stationary satellite, below which is
the shuttle's runway radially oriented. The experiment would be performed at appropriate
stage of landing operation at which the shuttle and the aircraft fly roughly by constant
velocities according to the satellite and ground.

e) Constellation: landing shuttle and stationary helicopter or a baloon near the runway at
maximal possible altitude.

11



f) Similar experiment can be easy perform for noninertial movement, if we place the two

digital wave counters on the board of a shuttle and at its runway, respectively. We start to
emit the radio signal from a satellite some time after beginning shuttle's landing operation and
we switch off both the wave counters, the terrestrial and the counter placed on the board of a
shuttle after "joining" their antennas on the ground, i.e. simultaneously. By SRT prediction
based on isotropy of spreading of light, the two records on the shuttle and on the ground
counter, respectively must be again identical, because every wave front, which passes through
antenna of the moving shuttle passes also through the antenna of the stationary receiver on the
ground by the same speer] as seen in frame attached to GSS. By the CSRT prediction the
wave fronts which go through the antenna of landing shuttle are during its landing manoeuvre
higher thanc, thus the number of waves which will be recorded on board of the shuttle

should be higher than on the ground stationary counter.

g) Let a space vehicle, and ISS are receding the GSS on the same line. Space vehicle is
between the source and ISS, and flies towards ISS by higher velocity in order to dock with it.
The whole amount of waves received during given docking time interval recorded by the
shuttle will be according to CSRT prediction higher than that we will read on the ISS waves
counter. By the SRT prediction the amount should be identical.

To confirm the SRT or CSRT prediction it would be appropriate to re-run the same
experiment with various distances
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