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                            Direct search for deviation of the one-way speed of light
Pavol Valent

                 Okruzna 12, 93401 Levice, Slovakia, e-mail: Pavol.Valent@stonline.sk

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 c  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  T[E1, E2]  built on  two postulates: 
E1 : All inertial systems of reference are equivalent for formulation of physical rules.
E2: Light signals propagate in vacuum with the constant velocity c  independent 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 systems: T[E1, Non E2] and 
T[E1, Non E2] , respectively.
The second  Einstein’s postulate can be formulated in the form of logical conjunction. 
E2 : In vacuum in an inertial reference frame F, which is rigidly attached to a receiver, the 
speed of light is always constant c (proposition a ) and hereby the speed of light in an inertial 
reference frame F’, which is attached to a moving emitter, is always the same constant c 
(proposition b ). Both of  F and F’ are called Einstein frames.
E2 �{ ba �š  , which is also interpreted as that the speed of light is in SRT an invariant 
quantity.
Comment 1. This situation is logically possible only if the  coordinate time intervals t�' and 

t�c�'  that correspond to a space-time event in inertial reference frames F and F', respectively, 
are not invariant quantities.
The second part  b  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 constant speed c . 
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 proposition b
(isotropy of the one-way speed of light) is just a postulate.
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2 Complementary Special Relativity Theory (CSRT)
Let us derive the  flat space-time theory based on the propositions E1�š Non E2 .
Since the proposition  a   is experimentally  verified (Michelson & Morley Result =MMR), it 
means �{a MMRis true statement, we have

babaabaaEa �™�š� �™�›�™�š� �š�™�š� �™�š )()(2                                                   (1)
Wording:
In vacuum in an inertial reference frame F which is attached to a receiver, the speed of light is 
always constant c 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 constant c .
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 velocity u�c

�&
 of the light receding from the source placed in origin O�cof 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 function u

�&
dependent on�D and �X

�&
, with the 

norm � �cu
�* �D�X�X cos2' 22 ccu ����� , where �X

�&
is the relative velocity of the  frame F' as 

seen from the frame F, �X�X � 
�*

, and  �D being the angle between the directions of  OP and 

positive x axis (Figure 1).

Figure 1: Points P1, P2, P3 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 Morley, by 21,MM :
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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 c  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 CSRT t�' = t�c�' .

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: cuutzyx � � ���� ,)( 2222                        (2)

F': 2222 )( tuzyx �c�c� �c���c���c            (3)
The transformation equations from inertial reference frame F' to frame F are :

txx �X��� �c ,  yy � �c ,  zz � �c ,  �D�X�X cos222 ccu ����� �c ,  tt � �c , ctx /cos � �D (4)
Comment 4. The time coordinates t  and t�c 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’

txx �X���c� ,  yy �c� ,  zz �c� , cu � ,  �D�X�X cos222 cuu �����c� ,  tt �c� ,  
tctx �c�c���c� /)(cos �X�D

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

�&

�X�X � �c as seen in frame F (i.e., in laboratory frame). The absorber is at rest in frame F at the 

point R. �T and �T�care the angles between vectors  �X
�&

 and  Ar
�&

AR���  and ,�X
�&

 and  Br
�&

= BR�� , 
respectively. The �Td  is the angle betweenAr

�&
and Br

�&
 . The source emits the thn  crest of light 

wave at the point A at the time At�c. Then at the time �W�c���c� �c dtt AB the source reaches the 
point B  and emits the thdnn )( ��  crest of light wave. Both, At�cand �W�c���c� �c dtt AB are  two 
readings of the same clock connected rigidly with the source. Thus the difference 

AB ttd �c���c� �c�W is  proper time interval in the frame F’. The A�c is the point in which the source 
is placed at the moment when the thn  crest is received by the absorber at R, and B�cis the 

point at which is the source placed at the moment when the thdnn )( ��  crest is received by the 
absorber at R.
The distance between thethn  and thdnn )( ��  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 bound with thn

and thdnn )( ��  crests , respectively by �H.
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Figure 2:  Aand B  are points at which are emitted  thn and  thdnn )( �� crests, respectively. A�c, B�care  

points at which  is placed the source at the moment when absorber at R  receives thn and  thdnn )( �� crests, 

respectively.

Definition 1: The proper  frequency at a source is �W�Q �c� �c ddn/

The first wave front reaches the absorber at Rin time crcrtuRAt AA /// 11 � � � �c� �c
�&

In this moment is the source at point A�c.

� �cRA �T�X�X cos2)/( 22 cccrA ���� , and hereby the last spherical wave front belonging to the 

thdnn )( ��  crest is from emitter at the distance �� �� �T�X�X�W�U �c�����c��� cos2/ 22 ccdcrA .
It follows, that all waves which correspond with the dn crests are inserted into the annulus 
with radius �H.

� �H �T�X�X cos2)/( 22 cccrA ���� - �� �� �T�X�X�W �c�����c�� cos2/ 22 ccdcrA

� �H �T�X�X cos2)/( 22 cccrA ���� - �� �� )cos(2/ 22 �T�T�X�X�W dccdcrA �������c��

�� ���> �@
)]sin(sin)cos([cos2

)]sin(sin)cos([cos2cos2/

22

2222

�T�T�T�T�X�X�W

�T�T�T�T�X�X�T�X�X�H

ddccd

ddcccccrA

�������c��

������������� 

(5)
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According to the transformation equations from F’ to F, the receiver in R absorbs all the 
waves which belong to the dn crests in time cd /�H�W� , where �Wd is also proper time interval 
in inertial reference frame F.
Definition 2: The frequency as measured by the receiver atR  is �W�Q ddn/� 
Now we can calculate relationship between �Wd and �W�cd in particular cases. 

6 Doppler effect formulas
A (First longitudinal)
Let  emitter be approaching the detector. Then  0� �T ,  0� �Td , 1)cos(cos � � �T�T d , 

0)sin(sin � � �W�T d  and  �H reduces to �X�X�W�H ccd 222 �����c� (6)

It follows cccdcd /)2(/ 22 �X�X�W�H�W �����c� � 

)2/()/1(/1 222 �X�X�W�W cccdd �����c� (7)
After multiplying equation (7) by dn,
we get  �> �@)/()/(/ �X�W�W ���c� ccddnddn

  
�X

�Q�Q
��

�c� 
c

c
(8)

B (Second longitudinal)
Let  emitter be receding from the detector. Then �S�T� , 0� �Td , ,1cos ��� �T 1)cos( � �Td ,

0)sin(sin � � �W�T d , �X�X�W�H ccd 222 �����c�  , cccdcd /)2(/ 22 �X�X�W�H�W �����c� � 

              
�X

�Q�Q
��

�c� 
c

c
(9)           

C (Transversal)
Let the angle be 2/�S�T� . In order to calculate �H, we need the value of )cos( �Td and )sin( �Td .

Let BBAA rrrr � � 
�&�&

, . 

According to geometry shown in Figure 2, we have
dtrd �X

�&�&
� , �T�T�T d��� �c ,   rdrr AB

�&�&�&
���                                   (10)

From the last one of equations (10) we arrive
rdrrrdrrrdrr AAAAAB

�&�&�&�&�&
�Tcos2.2)( 2222 ��� ��� ��� 

or                    dtrr AB �T�Xcos��� , (11)

where dtdrrd �X� � 
�&

 is used, and dt is the coordinate time interval corresponding to proper 

time interval �W�cd in the moving fame F'. From (11) for  2/�S�T� , we get  AB rr � .
From the rectangular triangle ABR�'  in Figure 2 we have 1//)cos( � � � AABA rrrrd�T , it 
follows 0)sin( � �Td .

So the �H reduces to 22 �X�W�H ���c� cd  , 22/)/(/ �X�W�W ���c� ccddnddn

22

2

22

2

22
1

�X
�X

�Q
�X

�Q
�X

�Q�Q
��

���c� 
��

�c� 
��

�c� 
cc

c

c

c

D (General Doppler)
Now we suppose that  ),0( �S�T�•   �š  2/�S�T�z . According to relations 0�!�Td , 

�T�T�T�T�T�T �c�!�Ÿ��� �c�� coscosd , the first expression in equation  (5) is negative:
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0cos2cos2)/( 2222 ���¸
�¹
�·

�¨
�©
�§ �c���������� �T�X�X�T�X�X cccccrA (12)

It follows that the distance �H, which corresponds with dn crests, decreases with rising 
distance Ar , 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 spacecraft 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" acceleration ap = (8 ±3) 10-8 cm/s2 slows 
down motion of the spacecraft, which recedes  Sun  on hyperbolic orbit. 
In order to  show the origin of the so called acceleration ap, we 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 s.
Up: Let the speed of the spacecraft  regard to the Earth be�X (we suppose that the radial 
component of the spacecraft  velocity is equal to its total velocity ). Let 1t denote the time, in 
which the radio signal reaches the spacecraft in inertial system Earth.
The speed of the radio signal regard to the Earth is c. 

Then  
�X

�X
��

� �Ÿ��� 
c

s
ttsct 111

Down: The radio-signal spans the distance � �� �X1ts s + 
�X

�X
��c
s

 in time t2  =  
�X

�X
�X

��
� ��

��

c
s

c
c

s
s

The round trip of the radio signal takes time    t1 + t2 = 
�X��c
s2

CSRT:
Up: The speed of the radio signal emitted from Earth towards receding spacecraft is �� ��vc �� .

Then t'1 �� ���X��c  = s + �X t'1 �Ÿ   t'1 = 
c
s

. When the signal reaches the spacecraft, the distance 

between Earth and the spacecraft is 
c

s
s

�X
�� .

Down:
22 c

s
c
s

c
c

s
s

t
�X

�X

��� 
��

� �c
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The round trip of the radio signal takes time 
221

2
c
s

c
s

tt
�X

��� �c���c

The signal returns  to Earth sooner than the SRT predicts in difference 

)(
)(

)(
)(22

)()(
2

2

222121 �X
�X�X

�X
�X�X�X

�X ��
��

� 
��
��

� ����
��

� �c���c����� �'
cc
ct

cc
cs

c
s

c
s

c
s

ttttt

where  �Xts �  is used.
By JPL  interpretation, this caused by acceleration directed to the Sun or the contraction of the 
�F�R�X�U�V�H���R�I���3�L�R�Q�H�H�U���������E�\���ûd = 1/2 ap

2t
For s = 65 AU and , skm/13� �X , sxt 8105,7� , 
�ût =1.4084554 s, c = 300,000 km/s, AU= 150,000,000 km. If we choose for given range 
seasonal magnitude of pa = 213 /105,7 skmx �� �����W�K�H�Q���E�\���-�3�/�����ûd = 1/2 ap

2t  = 210 937 km

and by comparison CSRT and SRT predictions we get kmtcd 2112682/1 � �'� �' .

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 beam lb�Q  and in a cell lc�Q . 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 difference  MHzlblc 3235� �� �Q�Q . 

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

of moving atom] at�Q �o  [Two resonant frequencies in the rest frame of laboratory 
1

2
1

1 3862,16937,66634,16816 ���� � � cmcm �Q�Q ], measured in a cell.

First, we must realise that in both of the relativistic theories, SRT and CSRT, the frequencies 

11 �Qcf �  and 22 �Qcf �  are the Doppler transformed  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 frequencies 21,�Q�Q  are 
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 detector is )( �X��c
and )( �X��c , respectively.
So we can calculate the proper  frequency of emitted photons in the rest frame of moving 
atom:

Hzcfat 6395050595404714398,2300864652366634,16816)(1 � �u� ��� �X�Q (13) 

Hzcfat 63950505954047156019,729872026363862,16937)(2 � �u� ��� �X�Q (14)

If we divide equation (13) by equation (14) we get the same formula for velocity �X of the 
atom in a fast beam as in the SRT analysis:
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2

1

2

1

f
f

c
c

� 
��
��

� 
�X
�X

�Q
�Q

scmc /10721943996944140035764552,0 � � �X
If we multiply Eq.(13) by Eq.(14) we find relation between frequencies 

2

22

212

2
22

21
22

21
2 )()(

c
c

ff
c
c

ccfat

�X
�X�Q�Q�X�Q�Q

��
� ��� ��� (15)

2

2

21 1
c

fffat

�X
��� 

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

laboratory frame, we find that the  expression 21 ff  must equals to lbf .

2

2

1
c

ff lbat

�X
��� (16)

�J
�X

atatlb f

c

ff � 

��

� 

2

2

1

1

The second order Doppler shift prediction is: 

MHzHzf
ff

ff atlblc 89,3235323205059572830213875059605189
2

21 � ��� ��
��

� �� �J

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 frequency �Q into 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 a , 
and the distance between the source S, and the stationary receiver is sas ��, . We denote this 
time by 00 � t .

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 distance a .
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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 the time cst /� . The last one in the time 

�X/)( astla ��� . The time interval, as measured in inertial system ”Source” during which the 

stationary receiver receives crests is �X�X�X csacsccsastSR /)(//)( ����� ����� �' .

The stationary receiver SR records 
�X

�X
�Q

c
sacsc

Nrec

����
� crests. (17)

The first crest reaches the moving receiver MR in the time )/(1 �X��� cat . The last one in time 
�X/)( astla ��� . The coordinate time interval, during which the moving receiver receives the 

crests is  )](/[)()/(/)( �X�X�X�X�X ������� ������� �' csacsccaastMR  .
Here we use corresponding proper time interval and the relativistic Doppler formula:
The moving receiver MR records

�X
�X

�Q
�X

�X�X
�X

�Q
�X
�X�X

�Q
c

sacsc
c

c
c

sacsc
c
c

c
tN MRrec

����
� 

��
��

����
� 

��
��

���'� 
)(

1
2

2

 crests. (18)

Both, the stationary and the moving receiver record the same number of crests.

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

i.e. 
�X

�X
�Q

c
sacsc

Nrec

����
� . (19)

The moving receiver MR records the first crest in time cat /1 � , the last one in time 
�X/)( astla ��� . The time interval during which the moving receiver records crests is

�X�X�X caacsccaastMR /)(//)( ����� ����� �' . Since in the CSRT  coordinate time interval 
equals to proper time interval, the number of crests recorded by moving receiver is 

)( �X�X
�X

�Q
�X

�X
�X

�Q
��

����
� 

����
��

� 
c

aacsc
c

aacsc
c

c
Nrec (20)

The difference between  predictions for receding receiver and stationary  receivers is

)()( �X
�X

�Q
�X

�X
�Q

�X�X
�X

�Q
��

� 
����

��
��

����
� 

cc
s

c
sacsc

c
aacsc

Dreced (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

)( �X
�X

�Q
��

� 
cc
s

Dapr (22)

Comment 5: A receding detector records during the experiment more crests then the 
stationary, an  approaching receiver less crests.
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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 )13( cm�#�O 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. ISS 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, X'] , 
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  shuttle1�X

�&
, and the velocity of  ISS 2�X

�&
. 

The velocities 1�X
�&

, 2�X
�&

and  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 have   |1�X

�&
| >  | 2�X

�&
|. 

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 frequency �Q several seconds (say 10-
100 seconds) before  ISS and the shuttle reach the point X. So we can determine the distances 

21,aa  of both space vehicles from GSS. Let the distance sXGSS � , , as it is depicted in 

Figure 4.



11

Figure 4. Shuttle caches up with ISS at point X. The orbital velocity of ISS is v1 and the velocity GSS is v2.
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 (c+v1) and towards the shuttle (c+v2)

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  shuttle1�X

�&
, and the velocity of  ISS 2�X

�&
. 

1�X
�&

|| 2�X
�&

|| [GSS, X] .  We will have   |1�X
�&

| >  | 2�X
�&

|. We suppose again that the ISS and the shuttle 
quasi 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.  |1�X

�&
| =  | 2�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 numbers:� �Q 2306095830,769Hz, � s 41626,175 km, � �X 7,7 
km/s, c= 299792,458 km/s into formulas (21), (22), we get difference

)( �X
�X

�Q
��cc

s
+ 

)( �X
�X

�Q
��cc

s
22

2
�X
�X

�Q
��

� 
c

s
� 16425,63 Hz

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.
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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 speed  c , 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 than c, 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 s.
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