To measure the absolute speed is possible?
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Abstract One of popular problems, which are experimentally studied in physics in a long time, is the
testing of the special relativity theory, first of all — measurements of isotropy and constancy of light
speed; as well as attempts to determine so called “absolute speed”, i.e. the Earth speed in the absolute
spacetime (absolute reference frame), if this spacetime (ARF) exists. Corresponding experiments aimed
at the measuring of proper speed of some reference frame in other one, including in the ARF, are
considered in the paper.
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1. Introduction

In [1 - 3] it was rigorously shown that Matter in our Universe —and Universe as a whole - are
some informational systems (structures), which exist as uninterruptedly transforming
[practically] infinitesimal sub-sets in absolutely infinite and fundamental set “Information”.
This informational conception allows to propose the physical model (more see [4], [5]), which,
when basing practically only on Uncertainty principle, adequately depicts the motion and
interactions of particles in the spacetime. In the model [subatomic] particles are some closed
— loop algorithms that run on a “Matter’s computer [6] hardware”, which consists, in turn, of a
closed chains of elementary logical gates — fundamental logical elements (FLE), which are
some (distinct, though) analogues of C. F. von Weizsdcker’s 1950-54 years “Urs” [7]. The

FLE’s sizes in both - in the space and in the “coordinate” time (see below) - directions are
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hG
equal to Planck length, &, [, =(—) (% is reduced Planck constant - the elementary
c

physical action, G - gravitational constant, c- speed of light in the vacuum); the time of the

FLE’s “flip” is equal to Planck time, 7,,7, =-%.
c

Spacetime. The introducing of the  Space and the Time notions in the model [8] is quite
natural — they are some logical rules/ possibilities that allow (and define how to single out) to

single out specific informational patterns / structures — i.e., For example, particles - in the



main informational structure (i.e., - Matter) at that taking into account both - fixed and
dynamical — characteristics of the structures. As possibilities Space and Time realize
themselves as some 4D-Emptiness where a dense FLE lattice is placed — some analogue of
“spin-network™ [9], “causal set” [10], “Space-time points in causal space” [11], etc. Thus
Space and Time are universal and “absolute”, so exist “forever”, since they exist also
(“virtually”) before a beginning and after an end of any specific informational structure,
including — of Matter in our Universe. After “materialization” at the Matter’s Beginning,
Space and Time remain be absolute, revealing themselves as “the time” and “ the space”
variables, when any element of Matter — a particle, a molecule, a star, etc. — have its own
(individual, proper) space and time parameters in the absolute Euclidian 4D-spacetime.

The space is 3D Euclidian manifold, when the time is “two-faced” — it is simultaneously
“absolute (or “true”) time” and “coordinate time”. Absolute time defines that for any change
in Matter (e.g., for a FLE’s flip in any - “space” or “coordinate time” — direction) is necessary
to spend the same “true time interval”. Thus the absolute time flows only in one [“positive”, as
that is accepted in physics now] direction by definition. The “coordinate time” is necessary
because of to do reversible operations, which are logically incorrect, if only the absolute time
acts, is necessary to have corresponding rule “time” that allows and defines such operations.
This time exists in our Matter ~ and material objects can move in the coordinate time in both
(direct and reversal, £) directions — like along of a space direction, so this time constitute, with
the space, Matter’s “space-[coordinate]time”, or further in the text - the “spacetime” (as well
as below “time” as a rule is “coordinate time”).

The time axis in the spacetime is orthogonal to any spatial line, including, naturally, to 3
[e.g., Cartesian] spatial axes; what follows from the model’s premise that a FLE’ has 4
independent degrees of freedom and from the experimentally measured the “rest mass” and
“relativistic mass” relation. The absolute time isn’t a coordinate in the model, though it can be
fifth coordinate in a 5D spacetime, where all Matter’s objects move simultaneously with speed

of light in positive direction.

2. Comparing of the SRT and the model

In this informational model Lorentz transformations can be obtained quite naturally, [4] if it is
[rather reasonably] postulated that:

(1) The Matter exists and evolves in the [at least] 4D lattice of FLEs, at that every particle
and every rigid system of particles (material body) moves through the lattice, and, because of
the FLEs’ sizes are identical, through 4D spacetime, with identical speed that is equal to the
light speed in the vacuum, c;

(2) The lattice — and the spacetime don’t depend on any Matter’s bodies motion, they are

absolute and constitute by this way for Matter absolute coordinate system (ACS). Insofar as



the lattice is highly standardized for steps in any — time or space — direction (there is “equal
footing”), there can be established “absolute reference frame” (ARF) which is at rest relating
to the ACS and so it is inertial reference frame. There can be infinite number of equivalent
ARFs and ACSs, as results of translations and/ or (spatial only) rotations of some ARF (ACS).

(3) Since all/ every particles always move relating to the ACS with the sped of light, the

particle’s motion is characterized by the momentum, P = mck , where m is some coefficient

(the mass), k is 4D unit vector, at that particle is always oriented relating to the k.
If a number of particles constitute a rigid body, this body becomes be oriented relating to

its movement direction. An example — moving rod having the length L - is shown in the Fig.1.

A (a) (b)
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Fig.1. A rod having the length L moves in the spacetime: (a) — the rod is at rest (moves in the time only)
in the ARF, (b) the rod moves also along X-axis with a speed V.

At rest (Fig. 1 (a)) the rod moves along temporal axis [with the speed of light] having the

momentum p, = mocft that is perpendicular to the rod. If the rod was impacted with
transmission to the rod a spatial momentum p, = mV , it moves in the spacetime with the

total momentum P = Do+ Py > P is perpendicular to the rod.

From the Fig. 1 immediately follow the main equations of the special relativity theory (as
well as of the Lorentz theory, though). Lorentz transformations:

- the first equation
x=vt+x'(1- 5", (1)

- and the second one:

(== 2)



but with essential difference from the SRT — these equation aren’t valid in whole [in the SRT
- pseudoeuclidian] spacetime but are true for rigid mechanical systems (e.g., a system Earth +
a satellite is rigid system also because of the gravity force) only. Moreover, the variables

x',t" aren’t some spacetime points; that are measured lengths (here - from the back of the rod)

to some (here — the rod’s) matter points, and clocks’ readings in these points.

As well as from the postulates above follow main equations of the SRT dynamics.
Since P = mc and since t-axis is normal to any spatial direction (so the momentum of a
particle at rest in the ACS remains be constant at any spatial motion) it can be easily obtained
that
_mV
o (1- ﬂz )1/2 >

and, for example, calculating the work of some force F at the spatial (an temporal impact

Dy =mV (3)

results in the creation of new particles) acceleration of a body with rest mass m, on a way S

(in the Eq. (4) below p = p, for convenience),we obtain:

S, » p(1=p*)"? P d,
A=["F(S)ds = | PAZB) fyef” — Py cap. 4)
| o m, n(p”+ m,"c )
Since at motion of a body the work of the force results in the change of the body’s kinetic

energy, from (4) we obtain

AE=E-E =cP-cp,, (5a)
or
m,c’
E‘:CI):O—2 , (Sb)
(=457

and for a body at rest in an ARF

E,=cp, =my". (5¢)
3. Kinematical relations in moving rigid mechanical systems

The Voigt-Lorentz ¢- decrement [in (2)] for the rod’s matter (including clocks) along the

VL
rod’s length (the maximum is ——-), appears at the acceleration of the rod up to the speed V'
c

and further remains be constant for any fragment of the rod at the uniform motion. So if (i) -
one synchronizes a number of clocks along the rod before the acceleration, (ii) - after the
acceleration up to some speed, e.g., the back end clock is transported slowly along the rod to

the front end, so, that this clock constituted with the rod rigid system, - then the moving clock



and stationary clocks along the rod readings will be identical, including the (moved) back end
and front end clocks eventually. But if one accelerates also a pair of synchronized clocks,
which were placed initially on the distance L (Fig.2 (a)), let to the same speed V' (Fig.2 (b),
independently, the free front clock reading will be identical to the both back ones, but will
show later time then front end rod’s clock; though all clocks are evidently in the same inertial

reference frame.

(b)

Fig. 2. Two pairs of synchronized clocks in the same reference frames. (a) at rest in an ARF, and (b) all
clocks move with the same speed in the ARF, one pair constitutes the rigid body with accelerated rod;
other pair moves independently on the rod.

Besides consider a simple kinematical problem.
Let in the middle point of moving rod a short light flash occurs. The rod’s clocks readings

at the flush are, if corresponding clock readings in an ARF is #: on back end clock:

t,=t(1-p>)"*; on the middle point clock; ¢t, =t,— on front end clock:

2¢%7
VL
tB :tA—C—Z.

Since photons move only in the space [4], the flash will be registered with some time

L(1-p
increment, for example on back end clock, it is Af, :(—ﬂ). So observed in the rod’s
2(V +c¢)
. . L L L ]
reference frame elapsed time is Az, :2—(1— ﬂ)+2— p :2—, so measured by this way
c c c

speed of light in the rod’s IRF is equal to c.



Analogously the same result (measured speed of light is equal to c, i.e. to the speed of
light in the ARF) can be easily obtained for the pair “middle point — front end” clocks; for the
case, when the light moves from back end to front end (a mirror) and back, etc.

But if to measure speed of light the observer uses independent clocks, the measurement

results in different cases will be different.

4. Measurement of proper speed of an IRF

From above follows the possibility of measurement at least of the proper speed of concrete
reference frame [12], if in this frame an observer uses simultaneously a set of rigidly

connected and independent clocks, see Fig.3.
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Fig. 3. A plot of clocks movements at measurement of the proper speed of a reference frame.

So, if there is a pair of synchronized clocks, and further one clock, let — the clock-2
telescopes slowly back and forth in any direction, the clocks’ readings at the clocks
rendezvous will be identical, independently on — the moved clock was rigidly mechanically
connected by some rod with the fixed one (with clock-1) or the clock moves independently.

But the moved clocks’ readings at the motion are different. When the independently

moved clock readings are always identical to the fixed clock’s ones, the connected [to the rod]

clock obtains additional decrement (if the clock is moved along the speed V of the reference
x . .
frame), — — where x is the distance between the clocks, measured by the observer’s rule.
c

Thus, if on some moving object, for example — on an Earth satellite, an observer can
implement the scheme that is shown on the Fig. 3, then it can measure his proper speed. To do

that, the observer should use two clocks and some rigid rod, let — with the length L.



Let one clock (clock-1) is fixed in the satellite and other clock (clock-2) is rigidly fixed on
the rod’s end, both clocks are synchronized. Then, if the rod is pushed along the satellite speed
forward and back, after returning both clocks will have identical readings. However, if the
clock-2 is pushed forward being rigidly coupled with the rod, but returns back independently,
for example, by using own engine, the time decrement, which this clock obtained at pushing
forward conserves and so the clocks’ readings are different at their rendezvous on the

VL

decrement -——-
c

Correspondingly from measured in this case the clock readings difference Af,, and
known rod’s length the observer can determine the proper speed of his RF; in the case above —

At,,c?
the orbital speed of the satellite, V' = %c

It is evident that such a procedure can be repeated any times with the accumulation of the

decrements, so the requirements to the clocks’ precision aren’t too rigorous provided that they

Atyc?

e .. N
have adequate stability. If there were N repetitions, V = ; Where Afg = . At, .

5. Conclusion

From the consideration above follow a number of implications.

First of all from the informational model’s approach, which is used here, follows, that if a
system of measurement devices, i. e., rules and clocks constitute a rigid system (because of the
Earth gravity it is possible to create rigid systems even between / with satellites, well known
example is the GPS system), then outcomes of any experiment aimed at the measurement of
the speed of light value or observation of some proper speed of this system will be in
accordance with the special relativity; as well with the Lorentz theory, though, because of in
this case the theories are experimentally indistinguishable. Measured values will be — the
[standard] speed of light and null object’s proper speed correspondingly. This inference is
true independently of what experiment was executed — “tests of Lorentz invariance” at using
interferometers, “round trip” or “one way” methods at measurements of the light speed value
or its isotropy (see, e.g., [13]-[19] and refs therein); as well as of what clock synchronization is
applied — “Einstein synchronization” or slow transport of synchronized clocks. If some
deviations from the theories would be observed, than there will be, with a great probability, an

artifact.

But if one creates at least partially free system, some possibilities occur. The described

above experiment on Earth satellite seems as rather promising, since on stationary orbits Earth



gravity in this cases is inessential, and so the measurement of a satellite orbital (proper in the

Earth’ reference frame) speed, rather probably, would be successful.

Nonetheless the Earth gravity makes impossible the measurement of the absolute speed,
since the gravity always “has time” to correct the positions of clocks and rules in the 4D
spacetime at the satellite orbital motion so that relating to the ARF the instruments always
constitute rigid systems.

However principally the measurement of the absolute speed is possible. To do that is
necessary to send corresponding cosmic probe in a point in space where resulting gravity force
(not the gravity potential) is weak enough. Further an automaton could execute the set of
measurements of the probe speed values in 47 directions by using the retractable rod and the

pair of clocks, as that is described in the section 4 above.

There are no principal technical constraints for such experiment yet now. The mass of the
probe would be, rather probably, not bigger then those that were lunched at other space
missions. As well as seems that there aren’t problems with the clocks — the measurement of

time intervals with accuracy ~107'° (see, e.g., [20], [21]) isn’t now something exotic.
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APPENDIX

(Russian version)
N3mepenue a0COIOTHOM CKOPOCTH BO3MOKHO?

C. B. IlleBuenxo' u B. B. To:capechzn“a2

'Uncmumym ®usuxu HAH Yipaunwi, Ip. Hayku 46,Kues-28,Yxpauna
*[pogpeccop, Mp. Hayku 46,Kues-28,Ykpauna

Abstract One of popular problems, which are experimentally studied in physics in a long time, is the
testing of the special relativity theory, first of all — measurements of isotropy and constancy of light
speed; as well as attempts to determine so called “absolute speed”, i.e. the Earth speed in the absolute
spacetime (absolute reference frame), if this spacetime (ARF) exists. Corresponding experiments aimed
at the measuring of proper speed of some reference frame in other one, including in the ARF, are
considered in the paper.

Key words: wunbpopmarvionHas (¢u3nka, CHelnMajibHas TEOpUs OTHOCUTEIBHOCTH,
MPOCTPAHCTBO-BPEMS, SKCTICPUMEHTAIbHAS TIPOBEPKA

PACS numbers: 01.70.+w, 03.30.+p, 04.80.Cc
1 Benenue

B [1 - 3] 6p10 cTporo mokasaHo, 4uro Matepus B Hameil Becenennoit — u Beenennas B
LEJIOM — 3TO HeKHe HHPOPMAIMOHHBIE CHCTEMBI (CTPYKTYpbI), CYLIECTBYIOLIHE Kak
HETIPEPHIBHO HM3MCEHSIOIMHECS [IPAKTHYECKH| OCCKOHEYHO Majble IOIMHOXKECTBA B
abcomoTHO OeckoHEeUHOM M (pyHIaMeHTaIbHOM MHokecTBe “UHbopmarus”.

Jannras nHDOpMaIIMOHHAS KOHIICTIINS MO3BOJISET BBIABUHYTh (DM3MUYECKYIO MOJENb (CM.
[4], [5]), koTOpas, OCHOBBIBASCH IPAKTHYCCKH JIHINb HA TPHUHINAIE HEONMPEICICHHOCTH,
aJIeKBaTHO ONKCHIBACT ABIKEHUE W B3aMMOCWCTBUS YACTHI[ B MPOCTPAaHCTBE-BpeMeHH. B
MozenH [CyO0aTOMHBIE| YacTHIBl €CTh HEKHE 3aMKHYTBHIC allTOPUTMBI, BBITTOJNHSIONIMECS Ha
“hardware kommbloTepa Martepus [6]” cocTosmme W3 3aMKHYTOW IIETH SJIEMEHTapHBIX
norudeckux aneMeHToB (DJID), KoTOphIe, B CBOIO OdYepellb, €CTh HEKHWE aHAIOTH (BIIPOYEM,
ornuuatotuecs) C. F. von Weizsiacker’s 1950-54 years “Urs” [7].

Pasmeprr ®JID B 06eux (MpocTpaHCTBEHHOM M “KOOPAMHATHO-BPEMEHHOM™ (CM. HHXKE)
I i b 1, =Gy h
HATPABIEHUAX OJMHAKOBBI M paBHbI IlnamkoBckoit mmmwe by, [, =(—) (n -
c

nmpuBefeHHas mocrosHHas Ilmanka (diaemeHTapHOe nelictBue), G — TpaBUTAIMOHHAS
KOHCTaHTa, c- CKOPOCTh CBeTa B Bakyyme); Bpems “flip-a” @JID pasuo IlnankoBckomMy

lP

BPEMEHH, Tp,Tp = —

IIpocTpancTBo-Bpemsi. Brenenmne mnonstuit IlpoctpanctBa m Bpemenm B momens[8]
COBEPIICHHO €CTECTBEHHO — ATO JIOTUYECKHUE MPaBUiIa / BO3MOKHOCTH, KOTOPBIC TIO3BOJISIOT (1
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ONPENENsIOT - KaK BBIICNATh) BBLACIATH OTAENbHBIE HH()OPMALMOHHBIE CTPYKTYPHI,
HampuMep, YacTUIbl, B OCHOBHOM CTpyKType (T.e. B MaTepuu) ¢ y4eToM MpH 3ITOM
(UKCHpPOBAaHHBIX W [IWHAMUYECKUX XapaKTepUCTHK HHGPOCTpykTyp. Kak Bo3MOXHOCTH
[IpoctpancTBo 1 Bpems peammsyior cebs kak Hekas 4D-IlycroTa, riae pa3MmerneHa mioTHasS
peurerka OJID — B kakol-TO cTeneHu aHajor “spin-network™ [9], “causal set” [10], “Space-
time points in causal space” [11], u T.m. Takum o6Opaszom, IIpocrpancTBo u Bpems
YHHMBEPCAIbHBI U “a0COJIOTHBI, OHU CYIIECTBYIOT BCEIr/a, IOCKOJBKY CYLIECTBYIOT TaKXKe
(“BUpTYanbHO™) 0 Havajga M MOCJE KOHIA JI000H MHGOCTPYKTYpHI, BKIOYas — MaTepuu B
Hameil Beenennoit. [Tocne “matepuanusaunu’ npu obpasoBanuu Martepuu [IpocTpanctBo n
Bpems ocratoTcst aGCOMIOTHBIMU, TPOSBIAA ceOs Kak “BpeMeHHas” W' MPOCTPaHCTBEHHEIE”
[IepEeMEHHBIE, KOorza J00i 3yeMeHT MaTepuu — 4acTHLa, MOJICKyJia, 3Be3Ja, Ip. — UMEeT
CBOUM COOCTBEHHBIE TIPOCTPAHCTBEHHBIE M BpPEMEHHBIC MapaMeTpsl B  a0CONIOTHOM
ErxnunoBom 4D-npocTpaHcTBe- BpEMEHHU.

IIpoctparcteo 4D IIB TpexmepHO (YacTHIBI HMEIOT 3 MPOCTPAHCTBEHHBIX CTCIICHH
cBoOobI), BpeMsi — B [IB — omHoMepHo. OnHako npaBuiio Bpems Ha camoM Jiene nieiicTByeT
JIBOSIKO (B ONpEAEIEHHOM CMBICIE OHO JBYMEPHO) — OHO OJHOBPEMEHHO AECWUCTBYET Kak
“abcomoTHOE (WK “UCTHHHOE”) BpeMs W Kak “KOOpAMHATHOE BpeMs . AOCOIIOTHOE BpeMs
OIIpeeNsieT, YTo Ui JMro0oro u3MeHeHus B (Hampumep, s flip-a kakoro-undyap ®JID B
ar000oM - “IpoCTpaHCTBEHHOM” WIM “KOOPAMHATHO-BPEMEHHOM — HAalpaBlICHHUN)
HEOoOXOJMMO 3aTpaTUTh “WHTEPBal HCTUHHOTO BpemeHu . Takum oOpa3om, abCONIOTHOE
BpeMs “‘reder”’, T.€. M3MEHSAETCS, TOJIHKO B OMHOM (“TIOJOXKUTEIBHOM, KaK 3TO IPHHSITO
cerosHs B (U3MKE) HApaBJICHUH IO ompeenenuto. “KoopannatHoe Bpems” (nanee “Bpems”)
CYLIECTBYEeT B HaHHOW MaTepuu, NOCKOJBbKY 4YTOOBI BBIIOJHATH OOpaTHBIE ONEpaluy,
KOTOpbI€ JIOTMYECKH HEKOPPEKTHBI €CIM CYLIECTBYET TOJBKO aOCONIOTHOE BpeMs,
HEOOXOUMO UMETh COOTBETCTBYIOIIEE MPAaBHIIO, KOTOPOE paspeliaeT W ONpeAeisieT TaKue
onepanun. COOTBETCTBEHHO B JaHHOW Matepun oO6bekThl MoryT nepememiarscs B 4D [1B Bo
BpEMEHH B IIByX (TpsSIMOM M OOpaTHOM, £) HAmNpaBIeHHAX — KaK M B MPOCTPAHCTBEHHBIX
HaIlpaBJICHHIX, TaK, YTO BMECTe OHH 00pa3yroT 4D mpocTpaHCcTBO-BpeMs st Matepun.

Bpemennas oce B [IB opToronanpHa mro00# NPOCTPAaHCTBEHHOH IJWHHMH, BKJIIOYasd,
€CTECTBEHHO, 3 [HampuMep, JlekapTOBBIM| HPOCTPAaHCTBEHHBIM OCSAM; 4YTO CIEAYeT U3
MTOCTYJIUPYEMOTO B TaHHOH Monenu TmosiokeHus, uto DJID mMmeer 4 HE3aBUCHUMBIX CTEIICHH
CBOOOJBI ¥, OJHOBPEMEHHO, M3 JKCIIEPUMEHTAIBHO HM3MEPEHHOTO COOTHOILICHHUS BEJIWYHH
“Macchl IOKOS” U “peNIITUBHCTCKON Macchl”. AGCOIIOTHOE BpeMsl He SIBIISIETCS KOOPIUHATON B
nmaaHoM [1B, X0TS MokeT OBITh MATOW KOOPAMHATOW B HEKOM 5D mpocTpaHCTBe-BpEeMEHH, O
KOTOPOH 6ce MmamepuanbHvle 00beKmbvl 08UNCYMCA 00HO8pemenHo (M OITHOBPEMEHHO BCE
Haxo4iTcd B IpeAenax 3JEeMEHTapHOrO HHTEpBajla MCTUHHOIO BPEMEHH - BEPOSITHO B
npenenax [lmaHKOBCKOro BpeMeHHM) CO CKOPOCTBIO CBETa B IOJIOKHTEIHHOM BPEMEHHOM
HaIPaBIICHUH.

2 CpaBaenue CTO u monenu

B nanHoii nH(pOpMaLnOHHON MoJeny npeodpa3zoBanus JIopeHa MOTYT OBITH ITOJYYEHBI
€CTECTBEHHBIM ITyTeM [4] eciu [BIOJIHE pa3yMHO | MOCTYJIUPYETCS, YTO:

(1) Marepus cymiecTByeT U SBONIOIHOHUPYET B [0 KpaitHeir mepe] 4D pemerke nz OJID,
IIPY 3TOM KaXKJasl yacTUIa U KaKAas JKeCTKasl CUCTeMa 4acTHll (MaTepualibHOE TENO) BCeraa
JBMDKETCS B PEIETKe, U, MOCKONbKY pa3Mepsl Bcex PJID maeHTHuHs! - B 4D mpocTpaHCTBe-
BpPEMEHH, C OJMHAKOBOI CKOPOCTBIO, pAaBHOUM CKOPOCTH CBETA B BaKyyMe c;

(2) Pemerka — ¥ TPOCTPAaHCTBO-BPEMsI — HE 3aBHCAT OT KAaKOTrO JHUOO ABHMKEHHS TeNl B
Marepun, oHM aOCONIOTHBI M 00pa3yroT ans Marepun aOCONIOTHYIO CHCTEMY KOOpAWHAT

(ACK). IlockonpKy pemeTka peryjspHa W OJMHAKOBAa JUId INAroB B JIIOOOM —

11



MIPOCTPAaHCTBEHHOM WJIM BpeMeHHOM — Hanpasiennu (“equal footing”), B Hel ecTh
BO3MOXKHOCTB 0Opa3oBaHusi “‘abcomroTHON cuctembl otcueta” (ACO), xoTOopas TMOKOUTCS
otHocuTenbHO ACK U motomy sBiseTcs “UHEpLUHMANBHON cucTeMol orcyeTa”. Bo3moxkHO
O0eckoneunoe uucio skBuBaleHTHRIX ACO m ACK kak pe3yibTarT TpaHCISAUWN u / WiIn
(TONBKO MPOCTPAHCTBEHHBIX ) IOBOPOTOB HEKOTOPOH mpom3BoibHO BEIOpanHOit ACO (ACK).

(3) Iockonbky Bce / Kaxkaast YaCTHIIBI Bceraa MBUKYTCs oTHocuTenbHO ACK co ckopocThio
CBETa, JBWKEHUE YACTHIBI XapaKTepu3yercs umiyiabcoMm, P = mck , tne m -xosdpumuent

(Macca yactuipl), k - 4D eMHUYHBIA BEKTOP B HANPABICHUH [BUXCHHUS,, IPH STOM YacTHIIA

—

BCETAa OpUCHTUPOBAHA OTHOCUTCIIBLHO k.
Ecnm gacTrpl COCTaBIISIIOT KECTKOE TEJI0, OTO TEJIO TaKXKEC OPUECHTUPOBAHO OTHOCUTEIIBHO

HampaByieHUs1 ero JBrokeHus. [Ipumep — ABWXKYIIMHCA CTEp)KEeHb JIJIMHOM L — Moka3zaH Ha

Puc.1.

ct

Puc.1. Crepxenp mmHOW L IBMXKETCS B NPOCTPAHCTBE-BpeMEHH: (a) — CTepKeHb B TOKoe (B
MPOCTPAHCTBE, IOBUXKETCS TOJbKO BO BpeMeHH) B ACO, (b) crepkeHb ABWXETCS BIOJIb OCH X CO
CKOpOCTBIO V.

B mokoe (Puc. 1 (a)) cTepkeHs ABMKETCS BIOJIH BPEMEHHON OCH [CO CKOPOCTHIO CBETa] C
HMITYJIBCOM D, = M,Ci, KOTOPBIil HEPICHINKYISAPEH CTEPIKHIO, PACIIOIIOKEHHOMY BJIOJIb OCH
X. Ecmu B pesynbrare (IIPOCTPAHCTBEHHOIO) BO3JCHCTBHUS CTEPXKEHb IpUOOpeEI

HPOCTPAHCTBEHHBI MMIYIbC P, =ml , on aBmwkercs B 4D IIB, ¢ HOIHBIM HMITYJIBCOM

P=p,+p,, P ocraercs nepneHInKyIsIpeH CTEPKHIO.

W3 Puc.1 mememnenHo cneayroT ocHoBHEIE dopmyiasl CTO (Bmpouem - u Teopun Dorra-

dutipkepanbaa-Jlopenta). [Ipeodpazosanus Jlopenta:
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- [IEPBOC:
x=vt+x'(1-5*)", (1)

- U BTOpOE:
, Vx'
t =(1—ﬂ2)”2t——cz : )

HO cymiectBeHHO otiudHbIe OT [IJI B CTO — 3Ttn ypaBHeHus He BepHHI BO BceM [B CTO —
TICEBIOEBKIUAOBOM (HO peanbHOM!??)], BO3MOXXHO OECKOHEYHOM I JaHHoW Marepuu,
MIPOCTPaHCTBE-BPEMEHN, OHH BEPHBI TOJBKO JUIA JKECTKAX MEXaHWYECKHX CHCTeM (B T.4.
cucreMa 3eMIISI+CITyTHUK SIBIISIETCS JKECTKOW CUCTEMOU B pe3yibTare JACHCTBUS TPaBUTAIIHH).
Bonee Toro, nepeMeHHble X',¢' - 3T0 He Kakue-HUOYIb MOUKU NPOCMPAHCMEA-EPEMEHI; ITO
pe3yNIbTaThl U3MEPEHUH ITMH (3/1eCh OT 3aJTHETO KOHIIA CTePXKHsI) 10 ToUYeK (37eCh - CTePIKHSA),

1 IOKa3aHus 4aCOB B 3THUX TOYKax.

W3 mpencraBieHHBIX BHIIIE MOCTYIATOB CISAYIOT ¥ OCHOBHBIC BBIPAXKCHUS JUISI TUHAMUKH
CTO.

IMockonbky P =mcu TOCKOIBKY OCh ! HOpPMalbHa K JHOOOMY HampaBlICHUIO B
MIPOCTpPaHCTBE (TI03TOMY MMITYJILC YacTHIIEI B ToKoe B ACK ocTaercss KOHCTaHTOH TIpH JIF000M
JIBIDKCHHUHU B MMPOCTPAHCTBE) JIETKO MOYKHO MOJIYYHTh, YTO:

_omV
(1- ﬂz )1/2

W, HampuMmep, BBIUUCIAS paboOTy HEKOTOpOH cwibl F MpH MPOCTPAHCTBEHHOM YCKOPEHHH

pX:mV B (3)

(mepemaya MMITyJIbca BO BPEMEHHOM HANPAaBICHWH MPHUBOAWT K CO3MAHUIO HOBBIX YACTHII)

HEKOTOPOTO TeNla ¢ Maccoi MoKos 71, Ha myTd S (B ypaBHeHMH (4) HWXKEe p=p, i

ynoOcTBa), moayyaem:

NG
A= SZF(S)dS: ”Mdpzc pp—dpdp:cAP' 4)
s 2 2 2
i Po m, n(p”+myc)

[lockonmpKy T™IpM JBMKEHWH Tena paboTa CHIIBI TNPUBOJUT K HW3MEHEHHWIO €ro

KHHETHYECKOU dHEPTUH U3 (4) moiryqaem

AE=FE-E,=cP-cp,, (5a)

N

2
E =cp=_h¢

1-p°

U a7 Tena B nokoe oTHocutensHo ACO (ACK)

(5b)

E,=cp,=my". (5¢)
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3 KunemaTnyeckue COOTHOIICHUS B ABUKYHIUXCS JKECTKHUX

MCXaHHYCCKHNX CHUCTCMaAx

Bpewmennoit nekpement ®orta-Jlopenna B (2) mis BemecTBa CTepHs (BKIFOYas 4achl)
BIIONIb JIJTMHBI CTEPXKHS (MaKCHUMyM —c—z), MOSIBIIIETCS. TP YCKOPEHWUH CTEPXKHS JI0

CKOpPOCTH V ¥ B JajbHEHIIEM OCTaeTCs MOCTOSHHBIM s JI000ro ero (¢parMeHTa mpu
paBHOMEpHOM IBIKEHUH. [loaTomy, ecnu (1) — CHHXpOHH30BaTh KaKOe-HHUOYIb YHCIIO YacOB
BIIOJIb CTEP)KHS IO YCKOpeHwUs, H (i) — Tmociie YCKOpEHUs 0 3aJaHHOW CKOPOCTH, HAIpUMep,
Yachl 33JIHETO KOHIIA CTEPXHS MEJUICHHO MepeMelaTh BAOJb CTEPXKHS, TaK, YTOObI Yachl U
CTEepKEHb OOpa30BBIBANIM JKECTKYIO CHUCTEMY, TO TOKa3aHWS JBHXKYIIUXCS YacOB M 4YacoB
BIOJb CTEPXKHS OYIyT OJWHAKOBBIMH, BKIOUAs TIOKA3aHUS YACOB, paHee OBIBIIMX Ha
MPOTHBOTIONIOXKHBIX KOHIAX CTepkHA. Ho ecnu ycKOpUTh MapaiefbHO elle U mapy
CHHXPOHU3UPOBAHHBIX JI0 YCKOPCHHUS YacOB, KOTOPBIC TAKXKE IO YCKOPEHHS PACIOJNIaraiuch
psanoMm ¢ yacamu Ha crepxkHe (Puc.2 (a)), mo Toii e ckopoctu V' (Puc.2 (b)), He3aBUCHUMO OT
CTEpKHSI ¥ OT JIPYT Jpyra (HalmpuMep UCIONb3ys COOCTBEHHBIC JIBUTATEIHN YacOB), MTOKA3aHUS
CBOOOJIHBIX YaCOB OKaXYTCS MJICHTHYHBIMU, JiekpeMeHT dorra-JlopeHna OyieT paBeH HYIIO,
paccTosTHUEe MEXKAy CBOOOJHBIMH YaCaMH OCTAHETCS TPEXHHUM (T.€., L) ¥ X Noka3aHus OyayT
0oJIbllle, YeM y MPHUKPEIUICHHBIX YacOB Ha IMEPEIHEM KOHIE CTEPXHs; XOTS BCE Yachl IpU

3TOM, OYEBUHO, HAXOJATCA B OJTHOM U TOM MHEPIUATIBLHON CUCTEME OTCUETA.

(b)

Puc. 2. JIBe mapbl CHHXpOHU3MPOBAHHBIX YacCOB B OJHOW M TOW ke CHCTeMe OTcyera. (a) B MOKOE
otHocutennbHO ACO, u (b) Bce 4achkl IBUKYTCS ¢ OMHAKOBOH ckopocThio B ACO; oHa apa oOpasyer
JKECTKYIO CUCTEMY C YCKOPSIEMBIM CTEPIKHEM; BTOpask apa JBUKETCS HE3ABUCUMO OT CTEPKHS.
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Kak npumep paccMOTpUM IMPOCTYIO KUHEMATHYECKYIO 3a/1a4y.
[Iycts B cpeaHell TOUKe ABMKYIIEIOCS CTEPXKHS MPOMCXOIUT KOPOTKAsS BCIIBILIKA CBETA.

HpI/I BCIIBINIKE ITOKa3aHWA 4aCOB, €CJIM IIOKa3aHHs 4aCOB B ACO ecTpb #: Ha 3aJHEM KOHIIC

. — 2\l/2, . — VL . .
crepknsa: t, =t(1-7)""; B cepemune crepxHs; [, =f{,——; Ha TIEPETHEM KOHIIE:
VL
t, =1, -
c

[TockonbKy ghomomnst Osudicymess moavko 6 npocmpancmee [4], BembpImKa OyneT

3apEeTUCTPUPOBaHA C ONPEAETICHHBIM BPEMEHHBIM HHKPEMEHTOM, HallpuMep IS 9acoB Ha

L(1-p?

3a{HeM KOHIE 3TOT MHKpeMeHT Af, = (—ﬂ) Taxkum oOpa3om, HaOIIOAaEMOE 3HAUCHUE
2(V +c¢)

COOTBETCTBYIOIIETO HHTEpBAaia BpPEMEHU B nco CTEPXKHS paBHO

L L L
At,, = 2—(1— ,6')+2— = > U [IPU 9TOM H3MEPEHHasi CKOPOCTh CBETA BJIOJb CTEPIKHS B
c c c

HCO crepxHs paBHA €, XOTSA “CKOPOCTH CONMKEHUS (POTOHOB W 3aJIHETO KOHITA CTEPKHS
OUEBUJIHO paBHa V+c.

AHaNOrMYHO TaKOW e pe3ynbTaT (M3MEpPEeHHas CKOPOCTh CBETa PaBHA C) MOXHO JIETKO
MOJTyYUTh JUIS TIAphl YacOB “‘CpPelHss TOYKA — MEPEIHHUI KOHEIl CTePXKHSA ’; UIsl CIIy4dasi, KOTr/ia
(hOTOHBI NIBMXKYTCS W3 KOHIIA B KOHEN, Tyaa W oOparHo, T.m. Ho ecnu mns u3sMepeHuid
HCIIOJIb30BaTh CBOOOHBIC YaChl, JaXKe COBMEIIEHHBIC B IMPOCTPAHCTBE C YacaMHU Ha CTEPIKHE

(nocne yckopenus (cm. Puc. 2(b)) paccTosiHue B MPOCTPAHCTBE MEXKIY YacaMHU Ha CTEPIKHE
25\1/2
paBao L =L(1—/")"", B T0 Bpems KaK ay1si CBOOOAHBIX 4AaCOB OHO COXPAHSCTCS PaBHBIM L),

Pe3yNbTaThl BO BCEX Cydasx OyIyT ApyTHe.
4 Nzmepenue codctBenHoi ckopoctu MCO

W3 mnpencTaBieHHOro BHINIE CIEAyeT BO3MOXKHOCTH H3MEpPEHHUs IO KpaiHel Mepe
cooctBernHol ckopoctu agannoi MCO1 B gpyroit (MCO2) [12], ecnmu Habmonarenb B
NCOlucnonp3yer OJXHOBPEMEHHO CHCTEMY JKECTKO CBS3aHHBIX M CBOOOJIHBIX YacoB,

Moka3aHHyo Ha Puc. 3.
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J\ ct

Clocks 1. 2

Clock 2 Clock 2

—
v

X

Puc. 3. Cxema nepemMeleHnii 4acoB Mpyu U3MEPEHHH COOCTBEHHOW CKOPOCTH
WHEPUUAIBHOIN CUCTEMBI OTCUETA.

Wrak, eciu ecTh napa CHHXPOHU3UPOBAHHBIX B JAHHOW TOYKE YacOB, M IAJIEC OJIHU Yachl —
nycth clock-2 BBIIBUTAOTCS MEUICHHO BIIEPEI U Ha3al B JIlOOOM HAIpaBICHHH, TTOKa3aHHS
YacoB IMPH BCTPEUE YAaCOB OKAKYTCS HMJICHTHYHBIMH, HE3aBUCHMMO OT TOTO — BBIJIBUT'ACMBbIC
Yachl OBUTH )KECTKO MEXaHMUECKH MPUKPEIUICHBI K KAKOMY-TO BJBHTaeMOMY CTEP)KHIO BMECTE
¢ (nemonBmXHBIMU) yacamu clock-1; vy yackl clock-2 nBUranMch HE3aBUCHUMO.

Ho ecnu a1ti omepari mpon3BOAATCS B ABIKYIIEHCS CHCTEME, ITOKa3aHUS 9acoB OyAyT
pasznwuHBL. B TO BpeMs Kak TOKa3aHHWA HE3aBHCHMO IBWXKYIIMXCS dacoB clock-2 Bcerma
COBIAMAIOT C TOKa3aHWsIMH (puKcHpoBaHHBIX) dYacoB clock-1, 3akperieHHBIC Ha

BBIIBUTAEMOM CTEPIKHEC YaChbl BO BPEMA BbIABUI'A IIOJYYarOT JIOTIOJTHUTEILHBIN JOCKPEMEHT

(ecnm BBIOBHT HampaBjeH BHonb ckopoctu V MCO), — TIe X 3TO PACCTOSHUE MEXKIY

c_2 ,
yacaMmu, U3MepeHHoe JTnHeiKkoil Habmoaatens B M1CO.

Takum 00pa3om, eciau Ha KakoM JUOO JBIDKyIIEMCS 0ObeKTe, HalpuMep — CITyTHHKE Ha
opOuTe BOKpYT 3eMin, HaOIr0AaTeNb IPOBECT ONepaIliy 10 TIoKa3aHHOH Ha Puc 3. cxeme, TO
OH CMOXET U3MEPUTH CBOIO CKOPOCTb. [JIsi 3TOr0 TOCTATOYHO KCIOJBh30BaTh IBOE YacCOB U
KakoH-HUOY b CTeP)KCHb, ITyCTh — JJIMHOM L.

[Tyctes mpu sToM omum 4dachl (clock-1) 3akperiens! Ha cmyTHHKe, a apyrue (clock-2)
KECTKO (MKCHPOBaHBI Ha KOHIIE CTEP)KHS, JKECTKO CBS3aHHOTO CO CITyTHHKOM, Yachl
CHHXPOHU3WPOBAaHBl Ha CHyTHUKE. Torma, ecim CTEep)KeHb BBIABHTAETCS BIOIh CKOPOCTH
CIyTHUKa BIIEpeI W Ha3aj, IMOKa3aHUS 4acoB MO Bo3BpameHuu clock-2 OymyT MIeHTHYHBIE.
Opnako, eciu clock-2 BeigBUTaeTCs Briepen Oyay4un (GUKCHPOBAHHBIM Ha KOHIIE CTEPIKHS, HO
BO3BpaIllaeTcsl HE3aBHUCHMO, IONYYCHHBIH BPEMEHHON JEKPEMEHT COXPAHHUTCS W TOKa3aHHS

VL

TIPU BCTPEYE YaCOB OKAKYTCA PA3IMYHbIMU HA BEIMIMHY —— .
c
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COOTBETCTBEHHO U3 M3MEPCHHOW pa3HUIBI NMOKa3aHWil Af,, M U3 U3BECTHOW JUIMHBI

CTEp’KHS HaOMoJaTenb MOXKET ONpeesuTh cOOCTBeHHYI0 ckopocTh ero MCO - opOuTanibHyto

At,,c’

CKOPOCTh CIyTHHUKA, V' ~
L

OueBUAHO, YTO Takas NPOLEAYpa MOXKET ObITh MOBTOPEHA CKOJBKO YTOXHO pa3 ¢

HAKOIUIGHHEM JAEKPEMEHTOB, IMO3TOMY TpeOOBaHUS K MOTPEIIHOCTH YacOB CPaBHUTEIBHO

HEBBICOKH, B IIEPBYIO Ouepeb JODKHA OBITh 0OecreueHa aieKBaTHas cTaOMIbHOCTh.  Ecnu B

nanHoM cnyyae ans clock-2 mpoBemeHo N IMKIOB “BBIABHI HAa CTEp)KHE — BO3Bpar

Atc’ N
HeszaBucumo”, V= ﬁ ;THe Afg = Zm At, .

5 3akiroueHue

N3 paccMmoTpeHus BbIle CAEAYIOT HECKOJIBKO BHIBOJIOB:

B mnepByio ouepens ©3 HHPOPMALMOHHON MOJENIM CIEAyeT, YTO €CIH CHCTeMa
HN3MEPUTEIBHBIX HHCTPYMEHTOB, T.€. JMHECK M 9acoB, 00pa3yeT JKEeCTKYIO CUCTEMY (CHCTEMY
OTCYETa; U3-3a IPaBUTALMU 3eMJIH XKECTKYIO CHCTEMY MOKHO CO34aTh Ja)Ke IPU N3MEPEHHIX
MEXIy CITyTHHUKaM{ WA B CHCTeMaX ‘“CIyTHHK — Ha3eMHBIM MPUOOpP”, MTUPOKO M3BECTHEIM
npumep — cucreMa GPS), To pe3yabTaTsl H3MEPEHNH BPEMEHHBIX HHTEPBAIOB M PACCTOSHUM,
CKOPOCTH cBeTa | T.I. OymyT B coorBeTcTBHH ¢ CTO (Bripouem, u @DJI-Teoprn, MOCKOIBKY B
3TOM ciiy4yae 00 TEOPHH HKCIIEPUMEHTAIBHO HE pa3InyuMbl). Pe3ynbraTsl OyayT OJMHAKOBO
“BepHBI”’(“B COOTBETCTBHH C TEOPHEH’) HE3aBUCHMO OT TOTO — YTO U3MEPSIIOCH — TO JIA 3TO
Obuta  “mpoBepka JIopeHII - WHBapUaHTHOCTH C TPUMEHEHHEM HHTEpP(EepOMETPOB,
“IBYXIyTEBOI” WM “OAHOMYTEBOM~ METOI U3MEPEHUsS] CKOPOCTU CBETA WJIH €€ U30TPOMUU, U
T.10. (cM., Harpumep, [13]-[19] 1 cCBUIKU B 3THX CTaThiIX); KaK U HE3aBUCHMO OT TOTO — KaKOM
CHoco0 CHHXPOHHM3ALUHU YaCOB IPUMEHSIICS — “CHHXPOHU3AIM DUHINTEHHA” HIH MEIJICHHBIN
TPaHCIIOPT 4acoB. Ecian kakue-To OTKIIOHEHUS OT TEOPETHUECKUX OLEHOK M MOJIy4atoTcs, TO B

ATOM CJIy4ae pe3yibTar OyAeT He OoJiee ueM HEKHI DKCIEPUMEHTAIBHBIN apTe(aKT.

Ho ecnu ecTb BO3MOXHOCTh CO3/IaHUSI CUCTEMBI CBOOOIHBIX WHCTPYMEHTOB (TI0 KpaiiHei
MEpe - T-IElCOB), MOSIBIIIIOTCS. HOBBIE BO3MOKHOCTH. OINHCAHHBIA BBIIIE OKCIICpUMCHT Ha
3€MHOM CHYTHUKE BBIITIAOAWUT KaK BECbMa MHOI‘OO6CIHaIOH.[HI7[, IOCKOJIBKY BJIMSIHUC 3eMHOH
IpaBUTAIM B JaHHOM Cily4ae (Ha CTAallMOHAapHON OopOWTE) OKa3hIBACTCS HECYIECTBEHHBIM H
M3MEpPEeHNE OpOUTANTBHON CKOPOCTH CIYTHHKAa (COOCTBEHHOW CKOPOCTH B CHCTEME OTCUETa
3emmm). C OONBIION BEPOSATHOCTHIO OKAKETCSA pE3yIbTATHBHBIM, B TO BpeMsl Kak 3TO

MIPUHIAITHAIEHO HEBO3MOKHO B PAMKaX CYIIECTBYIOIINX TEOPHIA
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Tem He MeHee, 3eMHas TpaBUTAIMsl JeTaeT HEBO3MOXHBIM HU3MEpEeHHEe aOCONIOTHOM
CKOPOCTH, TIOCKOJIBKY VY TpaBUTAIlMM BCerAa “‘€CTh BpeMsi’ YTOOBl OTKOPPEKTHPOBATH
MOJIOKEHUS 4acoB U JIMHeeK B 4D mpocTpaHCTBe-BpeMEHHU Tak, 4To oTHOCUTENbHO ACO oHU
IIPH 3TUX OTEpaIiiIX BCe PABHO COCTABIIIIOT (TI0 KpaifHel Mepe YaCTUYHO) JKECTKYIO CHCTEMY.
OpHako TPUHIUIHAILHO W3MEpeHHe aOCOJMIOTHOH CKOpOCTH BO3MOXHO. s 3Toro
HEOOXOMMO HANpPaBUTh KOCMHYECKHUH ammapar B TOYKY MEXILIAHETHOTO MPOCTPAHCTBA, TIC
pe3yJIbTUPYIONIasi TPAaBUTAIIMOHHAS Cuia (HO HE TPaBUTALMOHHBIN ToTeHIMan!) Onuka K
Hysr0. Jlanee aBTOMaT MOJKET IMPOBECTH CEPUI0 M3MEPEHHN COOCTBEHHOW CKOpOCTH B 477
HaIlpaBJICHUAX C HCIOJIL30BAHUEM BBIIBUTACMOTO CTEPXKHS, KaK 3TO ONMHCAHO B paszaeie 4
BhIIie. HampamieHwe BBIABUTA, KOTJa W3MEpPEeHHas COOCTBEHHAas CKOPOCTh MaKCHMallbHA,
OymeT HampaBiieHHE aOCOMIOTHOW CKOPOCTH aIrapara, W3MEpEHHOE 3HAYCHHE CKOPOCTH —

a0COJIOTHOM CKOPOCTBIO.

CCI‘OI{HH HET MNPUHOUIINAIBHBIX TCXHUYCCKUX OFpaHI/ILIeHI/Iﬁ LA TIPOBCACHHUA TaKOI'o
OKCIICPpUMCHTA. Macca arnmaparta BpsAd JIA IMPEBBICUT MACCY YIKE OIPABJICHHBIX KOCMHUYCCKUX
30HJOB. Kak u CEroaHs HCT HpO6HCM C JaCaMUu — U3SMCPCHUC BPCEMCHHBLIX HHTCPBAJIOB C

TouHOCTBIO ~107'° (cM. Hampuwmep, [20], [21]) 1aBHO yiKe He FK30THKA.
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