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PROBLEM QUESTIONS OF THE CIAL RELATIVITY

SUPERLUMINAL VELOCITIES, IMPROPER ROTATIONS AND
THE CHARGE SYMMETRY

G M Teleshin'

! “nforminallifa”, StPetersburg, Rissla
“Beientific-Educationa Union “Earth and Universe™, St Petersburg, Russia

In this paper we consider the possthility of direct observation of motions with superluminal
welocities. We show that the invariance of the interval in the special relativity theory makes observations
of superfuminal motions impossible. However, the symmetey of apeeds in the clasical Lorente
transformations with reference 1o that of light is a physical reality and manifests itself as the charge

symmetry (reverse of timej and'or the symmetry of reflection. CPT-invariance is a natural sequence of
this symmetry, which qands 10 improper dedimensional rotations in geometry.
Exit oftach hypothetical icles which travel in vacuum at superluminal

velocities, f.e. faster than !lghl is assumed to be in no contradiction with the special
relativity theory (SRT) that bans only transitions across the light barrier. Lack of
evidence of their existence has not yet caused any difficulty in theory, nevertheless
hundreds of papers deal with the velocity symmetry problem (a detailed list of references
is presented in Ref. 1), Tachyons are generally believed to have an imaginary mass al
rest (Rel 2) so that their relativistic mass at vl > ¢ be a real value tending 1o be zero
at i —* oo, the momentum tending to become 4 constant value (Refl 3). Under certain
conditions_superluminal motions would cause reversals.of causality in time, which fact
makes those who argue for the tachyon hypothesis either postulate the mlalwny of
division of correlated ph:nmmm into causcs and cﬁiﬂs (Rcf 4), or dlscard SRT in the
'l = ¢ region (Ref. 5), or ban d bility of scale p

and restrict it by supermicroscopic space and time scah:s. whm:thc reversal ul'csusal:ucs
in time would not break the second law of thermodynamics, probably (Ref, 6).

The extrapolation of SRT to the Ww| > ¢ region by adding the reinterpretation
postulate or the concept of "retarded causality” (Ref. 3, 7) w SRT, the square of interval
being changed by its sign with the formal transition of the light barrier, means acception
of three time-like dimensions and one space-like dimension of the tachyon world, unless
both sub- and supcr]ummal worlds are (3 + S}d:mmoml {Ref 3} The aul.hor of
Red. 8 tried to elimi i ,valu:s lting from

by i ofa i ﬁnmuhﬂeaspmmsmmdedw:lhme
workd line ofn tachyon ("stop-time™ of the tachyon).

All these attempts not only legalize the inversion of causalities under the known
conditions, bul also mean acceptance of umbiguity of the "tachyon — amitachyon”
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“and i i { the coordi in the case under discussion prove to be identical
o Lorentz transformations to within the algebraic sign of the time-like projection, with
‘provision for substitution v — /v,

H, Poincare (Ref. 11) was the first to indicate identity of Lorentzian transformations:
{with an imaginary time dinate) and the fi jons of a ion of the axes
deT and X, in the plane by an imaginary angle ¢’ defined by the relationships

iedT" = iedT cong’ + dX; sin'sg,
dX] = dX; cosg' — icdD'sing’,

and “particle — antiparticle” relations, both dependent on the choice of an r
reference frame. The auther of Ref. 9 had suggested an interesting nrgumsnlx‘utim for
possibility of observation of superluminal mati nwaz‘" e “‘ the p
which, nevertheless, req) 'd" i a]; ion of & hyy

ation of superluminal signals. ;
FIDII'I;S“ present paper Is aimed to clarify the mnclusions pxene.?tai in the po
paper (Ref. 10) ling the author’s viewpoint on t g fian of SRT to
superluminal region and which permit, to his mind, consider objects ]llru'perliull
|#| > ¢ region withont any compl tion to classical SRT. The basic st

Ref. 10 are as follows.

jcation of SRT will be defined as extrapolation to ¥ = l_]_u{w,@.{..'sj“wr) . Lln( 1 e ) . W
sup:?:mic::iur::ie:: o;pi!) the postulate of the equality of rights of all inertial ¥ i ) (114-“9;:'&)‘!! (1—w3feipiid
af reference in terms of description of physical ph in particular, in ti =?I'n1 !
dimensional space with one-dimensional time, squares of space-like intervals i — e
opposite signs as compared to squares of time-like ones; we will view ﬂ?a latter asm PR s trinaformations of th R
in every reference frame; b) applicability of Lorents transformations to d ease of pos Sraniforininirak s kel g il sragtegts o

physical quantities. )

Let the coordinates of two events in a certain inertial frame (further referred ¢
the stationary or fixed frame) be (icT, X) and (ic?' + icdl, X +dX, i.e. square of
interval i 45 between the events in Minkovski space-time is given by the equality:

(id8)! = —(edT)* + [dX[* = (icdT)* + X[

The square of the same interval in a frame of reference that moves about the first fr
with & constant velocity (further referred to as the moving frame) is expressed as

AT —pdXy /N dX —vdDy \?
(id5) = (u:ﬁ_—:!!:f)‘lth') +((T_~m‘ﬁ) ¥ dX}+dXi=
= (fedT')* + (dX])" 4 (dX5)* + (dX5)%,

X, and dX{ are the projections of the interval on the direction of motion o
:!:r:i:g !r:uu in t.h: nationaiy and moving frames mupuct%vuirl, dX;= dX}, dXz=
are the projections of the interval on lly orthogonal d which are ort
to the direction of motion of the moving frame; icdT" is the projection of the
o the time axis of the moving frame.

In both frames of reference the interval has one time-like prnjec_r.lnn =
in Equations (2) and () by an imaginary number and three space-like projeet

whose real part equals the odd number of r/2:

iR Hermn ().
= ((nn— Dri41n Gf:;:)) WP, 1}-1-4-%!3%‘:%

with an inversion of either time (at odd values of 1) or the coordinate in the direction

of the motion (at even values of ).

The observed velocity of motion of the moving frame of reference is determined in
all the cases by the following procedure:

a) an el 'y interval is idered, which has only one non-zero projection,
specifically a time-like projection (intrinsic time interval), in the moving frame
af reference;

b) transformations of the rotation by the angle ¢’ (Eq. 3) are used to determine the
time-like projection e dT and the projection dX, on the direction of the relative
motion in the fixed frame of reference;

¢) the observed velocity w is found as the ratio of the space-like projection dX; to
~ the elementary time interval dT.

In the |u| > ¢ case we have:

presse in these aquations by real mubers, Two real-number projections vhid w=H K _ X Sl
perpendicular to the direction of the relative motion are not transformed, w a7 lixpeo AT heapwiXsmatomn 6T lixi—aTefu=0 ¥

number projection parallel to the direction of the relative motion and the | gt

number (time-like) projection are given Lorents transfor at the t

the stationary frame to the moving one, : i
Referring to the case of superluminal velocities we find that after the aubfmnliw

|| ¢ in the right-hand part of Eq. (3) three projections of the 1.““.“1‘ vif, icdl",

and dX}, remain real values, and there is still one imaginary projection dXj. _Pu_:

from the squality of inertial frames of reference we told that in the superluminal

[l > e the 3-vector v lpses the sense of the observed relative velocity while
aining its role of one of the parameters which determine the mutual orientation
the coordinate axes of the two inertial frames of refe that have imaginary time
As for the observed relative velocity w, it is found to be subluminal both at 4| < ¢
t o] > ¢. The analogous value in Ref, 8 is not the observed velocity of & tachyon,

the observed velocity of a clock of a sub | frame of refe for which the

as well the interval has three real-unit ble space-like p . ‘s world line serves as one of the space axes. Wa expect that development of the
o dicular to the direction of motion dX} = dX; and dX§ = dX;, ted approach would show that the change of v into the phase velocity of a particle
sformable, and one imagi it ble time-like projection. Tlm_

¥-u BEHOH m with w (i.e. that at |v| > ¢ the group and phase velocities change roles) is not
space-like projection XY, parallel to the direction of the relative motion, is ne fcidental.

the only remaining real value ie d7" = (dXy —dT?[v)(1~¢*v*)'/? while the anly! ~ The angles (4) do not exhaust the set of possible planar rotations of icT and X.
like projection ic dT" {5 the only imaginary value dX] = —ie(dT +dX1/v)/(1~c/ Proceeding from the notions of equality of inertial frames of reference, in particular
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equality of the frames rotated by the angle (4) about the fixed one and those Let us note that in Mink i's time-space with an imaginary time axis the
Rey' = 2rn (“"hypophotic” ones), we must imiut“cm a:nﬁtum: of inertial frames | differences between transformations of covariant and muntamnant tensors exist no
reference rotated by the angle (4) respective to the “hyperphotic” systems; the donger; introduce the notation ieT = Xg, and the cor tensar we
rotation of these “new" frames respective to the fixed one will be, taking into a will mark with the zero subscript; Lorentz- Froiad e i will be pnrmad Thus

the substitutions of ¢fv for wy/c and w/e in Bq. 4,

e ((‘20—1)%+%In:t:";:)+ ({mn—uihl-_hi’_’:;:_):
14 (1fe)(wo + w)f(1 + wow/e?) i 1+ wsfe
1= [1/e}{wn + w)/{1 + wpw/e?) ~ P I—w;)‘e' 3

where wy is the observed velocity of the “hyperphotic” frame and w is the velodty of
the “new” frame observed from the “hyperphotic” one.

The observed velocity we = (1o +w)/(1 + wow/c?) is proved to satisfy the
rle of eomposition of velocities, and since the absolute values of the velocities wy
w do not exceed the velocity of light, the observed velocities of the frames of
which are rotated by the angle (6) about the fixed frame do not exceed the it
of light. Thus the ohjects formally correspanding, from Ihe :Iw]ul SRT \rlawpmlt. &
tachyons are always observed as moving with subl
in Ref. 12: “Are tachyons faster-than-light particles?” — meets a ﬂdniualy 1
answer here. At even values of k the coordinate transformations coincide with
transformations, and at odd values they differ by the signs of the time-like and spas
like projections of the interval on the direction of the relative motion (because of
inversian of cos o' and sin ' with ' changed to the edd number of 7).

The existence of four different forms of transformation, viz,

0 i dT = (w/e?)d Xy
4TV = (-1) A= wijayf '
ax® = (- J"J‘“f:]_d_ul.

(1= wjch)if?
axl? = dx,,
dxi" = dxs,

:h component of any tensor of an arbitrary order n has the following forms in the states
1,2,3,4:

T ) = (~ 1T, e (8)

1
=(n+m—1Lw+ g"! . ®here k; = 0; k; is the number of zero subscripts of the tensor; &y is the total numbar
of zero and unity subscripts of the tensor; ky is the number of unity subseripts of the
tmsor. Assuming that values of the density type are transformed in accordance with
and that the above analysis for coordinates is applicable to tham, we shall obiain
the following for the observed mass m, electric charge ¢ and angular momentum J in
- the X3, Xy plane perpendicnlar to the obusved velaeity:

a) the mass (the scalar I of the 4 ¥

m:[fmedX1ﬂng3a
3 X3 X5

iy
T wa7ald X - w'e) axPax ) =
X i

= (—————;-hw,ﬁ",}, 5 1=1,2
()
1]
= m, Ic‘l ax {1 - w?fe) Maxax() =
xix{ixln

m,
(where | = 1,2,3,4,and [ ] denotes integer part), that correlate the coordinates in = {"]:Tj;g)ﬁir I=13,4,
of reference moving with the same observed velocity w and the coordinates in &
frame enahles us to say that there are four different possible states of a frame of refe
and consequently of a material body, which are: ]

— the state with { = 1 that corresponde to familiar Lorentz transformations with the
“+" signs in the right-hand parts of Eq. 7;

— the state with { = 2 which is characterised by inversion of time with respect
Lorentz transformations;

— the state with { = 3 which is characterised by inversion of time and by a
reflected spatial structure (transformations with the “~" signs in the right-h
parts of Eq. T);

— the state with | = 4 which is characterised by & mirror-reflected structure %
respect to the state with | = 1,

Within each state the body can have different valves of the observed relative velo
w and diffe integer ori ions in the th i ional space,

The analysis made with respect to trans[ormatwnn of projections nf the lu
interval can be similarly done for tensors of diff i tities of any d

Too is the component of the tensor of the snergy-momentum density that does
change the sign in different states because of the even number of zero anbscripts;
is the intrinsic mass of the body:

gy, = f f f T axaxPax i,

xMxlox(h

b) the electric charge:

iev=fffjgd'x1dx|dxa 3
Xy XaXs
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it w? Uyl
fff _'J_:'_l-wi,fcl}l g [:!:JX, (1-;) '} dxlaxi? =

x"’x“’x“’
=iegm, =13 .
= {10}
=/ U PO PR W I
1= wi/ciyifa +dXy s | R Sy
) xixi
= —iogues 1=0,4,

where jy Is the time-like component of the 4-density of the current, changing Ihldp
simultaneousty with Xy = 10T gy 5 the intrinsic electric charge:

i, = JodXydXqd X5,
XU x{t

c) the angular momentum:

Fi= f f f (X3 Tsn - XsToo) dXd X X5 =

A1 XXy

soxlipty x“JT“’} AR i
f f f (= Wiy +dxl! ("‘F) dx{lax =
x‘l]x{r}x{rp

=l =13

#2l) - x01D) [ o (1 )" axinaxh -
fff U-wyapn [FH0\Im@) | Hek= (1)

x{Mxfixgh
= =daginiy =204,
where X3, X3 are the coordinates in the frame of referemce of the mass centre; Ty,
Tap, the components of the tensor of the energy-momentum density that change the
sign simultaneously with Xy because of the odd number of zero subscripts; Jagin, the
intrinsic angular momentum in the frame of reforence of the mass centre:

i I 1] I [} i
i, = X7l - x07) axPaxf).
IR0

It follows from Eq. 10, 11, 12 that n particle in the states 2 and 3 has the opposite
sign charge-t ratio as pared to the states 1 and 4, being therefore observed
either as a particle (e.z. in the states 1 and 4 or as an anti-particle {in the states 2 and 3,
respectively ), while in different states with identical signs of the g/m ratio it is observed
with opposite-sign angular

The case of an arbitrary position of Poincare’s plane of a four-dimensional rotation

of axes and the case of composition of such rotations in different planes that comprise-

an imaginary time axis can be reduced to one of the above-considered transformations
with { = 1,2,3,4, depending on the residue of the number of real angles x/2 to the

G. M. Teleshkn T
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modulus 4 in the total rotation angle, with the help of purely spatial rotations which do
not affect the substance of the matter,

Thus the invariance of the interval under transformations of the o and the
equality of inertial frames of ref in the peeudo-Euclidean space-time permit the
following eonclusions:

a} it is impossible to observe hyperphotic velocity motions;

b) the symmetry of the parameter v about the “light barrier™ allowed by SRT is
nothing more than the symmetry of reflection, i.e. the eymmetry of inversion of
time and /or mirror reflection of the spatial axis parallel to the “fictitions” velocity
vﬁ:lur w; in other words, this syrnmatry complements Lorentz group with improper

, or rotations with refl

e) a phyma] manifestation of this symmetry is the symmetry of particles and anti-
particles, i.e. the charge symmetry;

d) the CPT-invariance follows from the conclusions b) and ¢);

&) with the formal transition of the light barrier the group velocity of & particle
becomes the phase velocity of its “mirrored™ state, i.e. the observed group velocity
of particles corresponding to “superluminal” states is always less than that of light.

Naturally, the conclusions of this paper are valid with the validity of its initial
assumptions only any of which may be disearded once (if an actual tachyon i discovered
all of them would be disearded), therefore the author does not mean to finally close the

~search for actually superluminal motions.
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