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The entrainment of the light flux by a uniaxial anisotropic medium and its influence on the measurement of stellar aberration are
analyzed. The influence of the entrainment of the light flux by an isotropic medium on the measurement of stellar aberration was
considered by Fresnel early. The absence of such influence was confirmed by Erie's experience when filling the telescope tube with
water. The formula itself was perfectly confirmed by Fizeau's experiments with moving water and the repetition of this experiment
with an increase in the accuracy of measurements by Michelson, Zeeman, and others. G.A. Lorentz already on the basis of the
electromagnetic theory specified the formula with allowance for the frequency dispersion of the light flux. A. Einstein made an
analysis of the schemes of experiments for determining the drag coefticient, covering all possible variants of similar experiments. As
a result, he obtained Fresnel and Lorentz formulas, taking into account the frequency dispersion of light, starting from the theory of
relativity. The entrainment of light and its influence on the measurement of stellar aberration by a uniaxial anisotropic medium have
not been considered anywhere. An analysis of such influence is carried out. The results of the analysis indicate the possibility of
measuring the current value of stellar aberration using a uniaxial anisotropic medium. The concept of active light aberration is
introduced. The proposed schemes of experiments of using the entrainment of a light flux by an anisotropic substance for measuring
the current value of stellar aberration are investigated. It is concluded that it is possible to study the determination of the current
velocity of an inertial system relative to the light flux.

KEYWORDS: light aberration, entrainment of the light flux by the medium, refractive index, optically anisotropic medium,
telescope, observer speed, light speed

ABEPALISA CBITJIA B OIITUMHOMY AHI3BOTPOITHOMY OJHOBICHOMY CEPEJOBHUIII
B.M. Cuig
Xapxiecvruil HayionanrbHull yHigepcumem padioeneKmpoHiKu
np. Hayxu 14, Xapxie, Yxpaina, 61166

AHarizyeThcs 3aXOIUICHHS MTOTOKY CBITJIa OJHOBICHHM aHI30TPOITHUM CEPEAOBUINEM Ta HOTO BIUIMB HA BHMIpH 31pKOBOI abeparrii.
Bmne 3axorieHHS TOTOKY CBITJIa ONTHYHO I30TPOIHHAM CEpPEJIOBHINEM Ha BHMIpH 3ipKoBOI abeparii Oylio pO3TJSIHYTO I
@penenem. BigcyTHicTh Takoro BIUIMBY MiATBEpUKEHO mociizoMm Epi mpy HamoBHeHHI TpyOM Teneckomy Bojoro. Cama dopmyia
3axOIUIeHHs1 Oyna sICKpaBo MiaTBep/pkeHa nociizmamu Di3o 3 BOAOIO sIKa PyXaeThCs B3IOBXK IOTOKY cBiTia. ITomiGHi mocimimu
HEO/IHOPA30BO TOBTOPIOBAINCS 3 IMIiJABUILIEHHSIM TOYHOCTI BUMipiB MaiikenscoHoM, 3eemanoM Ta iHmuMu. I.A. JlopeHn| Bxke Ha
OCHOBI €eKTPOMAarHiTHOI Teopii yrouHioe Gopmyny Ppenens 3 ypaxyBaHHIM YacTOTHOI qucnepcii cBitina. A. EifHuTeitH BukoHaB
aHaJi3 CXeM JOCHi/iB BU3HAYCHHS KOe(iLlieHTYy 3aXOIUICHHS, OXOIUTIOI0OYUX BCi MOMIIMBI BapiaHTH MOAIOHUX HocHifiB. B mizcymky
BiH oTpumaB ¢(opmymu Ppenens Ta JlopeHna 3 ypaxyBaHHSM YacTOTHOI AWCHepcii CBiTJIa BHXOAAYH 3 TeOpii BiTHOCHOCTI.
3axoIUIeHHs TOTOKY CBITJIA Ta HOTO BIUIMB Ha BHMIpH 3ipKoBOi abepallii OTHOBICHHM aHI30TPOITHHM CEPEIOBHUIIEM 3 OTHOIO
ONITHYHOIO BICCIO I¢ Hifle He po3misimanocs. BukoHaHO aHami3 Takoro BIUIMBY. Pe3ynbTaTH aHami3y BKa3ylOTh Ha MOKIUBICTH
BHMIpY ITOTOYHOTO 3HAYEHHS 31pKOBOi abeparil 3 BUKOPHUCTAHHSIM OJHOBICHOTO ONTHYHO aHI30TPOITHOTO cepenoBHIIa. BBemeHO
MOHATTS aKTUBHOI abeparlii cBimia. JlocmimkeHi 3ampolOHOBaHI CXEMH JOCHIJIB 3aCTOCYBaHHS 3aXOIUICHHS IOTOKY CBiTJa
OIHOBICHHM aHI30TPOIHUM CEpEIOBHIINEM MJIs BHMIpy IIOTOYHOTO 3HAa4YeHHs 3ipkoBoi abeparii. 3poOJIeHO BHCHOBOK IIpO
MOXJIMBICTb IOCHII)KSHHS BU3HAUCHHS MOTOYHOI IIBHU/KOCTI iHEPI[iaTbHOT CHCTEMH BiJJHOCHO ITOTOKY CBITJIa.

KJIFOYOBI CJIOBA: aGepariist cBiTJa, 3aXOIUIEHHS NOTOKY CBiTJIa CEpEeIOBHUINEM, TOKA3HUK 3aJTOMJICHHS, ONTUYHO aHI30TPOIHE
CEepeOBHILE, TEIECKOI, BUAKICTH CBITIA

ABEPPAIINSA CBETA B ONITUYECKOM AHA30TPOITHON OJJTHOOCHOM CPEJIE
B.M. CBui
Xapvkosckuil HaYUOHANLHYIIL YHUGEPCUMENM PAOUOINEKMPOHUKU
np. Hayku 14, Xapvros, Ykpauna, 61166
AHanu3upyeTrcsl yBIICUEHHE CBETOBOTO IIOTOKA OJHOOCHOW aHM30TPOIHOH cpenoil M ero BIMSHHE Ha H3MEPEHUE 3Be3IHON
abeppauuy. BrnusiHue yBieyeHHsI CBETOBOTO IOTOKA M30TPOIHON Cpeloi Ha M3MepeHHe 3Be3IHOH abeppauuu ObLIIO PacCMOTPEHO
eme Ppenenem. OTCYTCTBUE TAKOTO BIUSAHMS OBLIO MOATBEP>KICHO OMBITOM DpU MPH 3alOJHEHHU TPYOBI Teneckona Bogoi. Cama
¢dopmyna ObuIa MPEKpacHO MOATBEpXkeHA ombiTaMu Pn3o ¢ ABMXKymIeHCS BOAOW M IIOBTOPEHHEM A3TOTO OIBITA C MOBBIMICHHEM
TOYHOCTH M3MepeHuit MaiikenscoHoM, 3eemanoM u npyrumiu. I'.A. JIopeHI] y>ke Ha OCHOBAaHHH JIEKTPOMATHUTHON TEOPUH YTOUHIII
dopMyiTy ¢ y4eTOM 4YacTOTHOH [UCHEPCHH CBETOBOTO IIOTOKAa. A. DWHINTEHH cHenajl aHajlh3 CXEM OIBITOB OIpeeICHHS
K03(GUIMeHTa yBIEUEHHs, OXBATHIBAIONINX BCE BO3MOXKHBIE BapHaHTHI ITOJIOOHBIX ONMBITOB. B pesynbrate oH mosrydmin (GopMyIibl
Openens u JlopeHIa ¢ yueToM 4aCTOTHOM JUCIIEPCUM CBETa UCXOMS U3 TEOPUU OTHOCUTEIBHOCTH. YBJIEUCHUE CBETA U €r0 BIIMSIHUE
Ha U3MEPCHUE 3BE3IHOM abeppaiuu 0JHOOCHOW aHU30TPOIHOM CPeIo ele HUTE He paccMaTpuBaiochk. [IpoBelieH aHaIU3 TaKOro
BIUsIHUS. Pe3ynbTaTel aHamM3a yKa3bIBalOT HA BO3MOXKHOCTh H3MEPEHMSI TEKYIIEro 3HAaueHMs 3BE3IHOM abeppamuu mpH
HCTIONBb30BaHUU OJHOOCHON aHM30TPOITHOHM cpeabl. BBeneHO MOHATHE aKTHBHOW abeppaiuu cBeTa. VccimenoBaHbl MPeIsIOKECHHBIC
CXEMBI ONBITOB HCIIOIB30BAHHS YBICUECHHUS CBETOBOTO MOTOKA AHM30TPOIHBIM BEUIECTBOM IJISI M3MEPEHUS] TEKYILETO 3HAUCHUS
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3Be3HON abeppauuu. CrenaH BBIBOA O BO3SMOXKHOCTH MCCIIEIOBAHHS ONpPENENCHHUS TEKyLIeH CKOPOCTH MHEPLHAbHON CHCTEMBbI
OTHOCHUTEIIBHO CBETOBOT'O IOTOKA.

KJIFOYEBBIE CJIOBA: aGeppamust cBeTa, yBICUEHHE CBETOBOIO IIOTOKA CpEAOH, IOKas3aTenb INPEIOMIEHHS, ONTHUYECKU
AHU30TPOITHAS CPEJIa, TEIECKOIl, CKOPOCTh HAOIIOAATEIs, CKOPOCTh CBETA

Influence of the light flux carrying away by anisotropic medium on star aberration measurement was considered
already by Fresnel. At such measurement light carrying away by anisotropic medium was not taken into account.

Let us analyze the influence of light carrying away by single-axis anisotropic medium on measurement of star
aberration.

In 1818, Fresnel proposed theory of partial light flux carrying away by a moving substance having carrying away
coefficient

x=1-—. (M

Based on the simplest mechanical model on full carrying away of thee the part by bodies (the part which forms its
over-density as compared with the surrounding ether) he obtained correct formula [1, 2] confirmed by experiments.
This formula was excellently proved by Fizeau experiment (1851) with moving water, repeated by Michelson (1886)
and Zeeman (1914) with increase of measurement accuracy.

Base done lector magnetic theory G.A. Lorentz (1886) corrected the formula with the account of light flux
frequency dispersion [3]. Zeeman experiments with moving rods confirmed the existence of Lorentz dispersion term.

A. Einstein highly appreciated the significance of Fizeau experiment.

«The answer to this problem is given by highly important experiment made more than half a century ago by
brilliant physicist Fizeau...».

«Although its hold be noted that long before appearance of relativity theory G.A. Lorentz explained the theory of
this phenomenon and justified it by purely electrodynamics method by means of certain hypothesis about
electromagnetic matter structure.

However this does not diminish the evidential force of Fizeau experiment has experiment um cruces in favors of
relativity theory, since Maxwell-Lorentz electrodynamics which was used as original theory do not contradict the
relativity theory». «Fizeau experiment is fundamental also for the special relativity theory» [4].

A. Einstein made anal by sis based on relativity theory of three scheme variants of experiments on determination
of carrying away coefficient embracing all possible variants of similar experiments. As a result, he obtained Fresnel and
Lorentz formulae with the account of light frequency dispersion. This once again proved correctness oft here relativity
theory [4].

W.E. Frankfurt, A.M. Frank [5] note that «in the relativity theory results of these experiments are explained simply
as consequence of relativity velocity addition formula

—xV
c'==1 7 (2
1+—
nc
Taking only terms of the first order, we obtain
c 1
c'=—+% l——2 vV, 3)
n n

(where c¢' is the speed of light with respect to the fixed installation and the observer).

Although the formula has the same appearance here “partial carrying away” is the result of pure metric properties
and is not connected with any assumption about substance structure or ether properties» [5].

A. Somerfield [6] investigated aberration and crystal optics based on Lorentz transformations however all these
investigations and experiments related to longitudinal, as to direction of propagation, light flux carrying away but
transverse carrying away was not considered.

At the same time (1818), Fresnel investigated the influence of such transverse carrying away on star aberration
measuring. He considered the experiment with filling a telescope tube with water and made the conclusion about
absence of influence of such filling on the value of star aberration. «Although this experiment was not yet made, but I
have no doubt, that it will support this conclusion ...» he wrote to Arago in 1818.

Eri made such an experiment in 1871, which confirmed permanency of star aberration angle. The analysis of such
filling in was made in detail in [7].

In 1977 H. Bilger and W. Stawell conducted the experiment, wherein light propagated in the rotating optical disc
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of the annular laser interferometer. [8]

Anisotropy of the electromagnetic radiation velocity space under transversal light entrainment in the rotating
optical disc was investigated by V.O. Gladyshev, P.S. Tiunov, A.D. Leontiev, T.M. Gladysheva, E.A. Sharandin. By
anisotropy in this case we mean the dependence of the propagation velocity of light in the optical medium on the
velocity and direction of motion of the medium [9]

All this investigations are related to the light propagation in the isotropic mediums.

The main purpose of this work is to study the effect of the partial entrainment of a light flux by an optically
anisotropic uniaxial substance on the measurement of stellar aberration.

THE TRANSVERSE ENTRAINMENT OF THE LIGHT FLUX BY AN ANISOTROPIC SUBSTANCE
Examine consider influence of the partial light flux carrying away by the anisotropic substance on the star
aberration with different refraction indices along telescope axis and in transverse direction for an extraordinary beam.

Assume a star S be observed through an unfilled telescope (Fig. 1).
Due to star aberration because of telescope motion at speed V', its axis is directed towards 01So at the angle

a,=45-0,-8,=2£0,—-0,—B, tobeam §— O, of the star S'. Here .S, is aster position being watched, S

— true star position. At small angles &, ;= —siny , wherec is light velocity in vacuum, V' —observer’s
c

speed, i - angle between direction O, —S onto star S and vector of observer’s speed V.
Let us fill the telescope with optically anisotropic substance with refraction indices of an ordinary light n, along
axis 0,0, and radius O,B of the telescope tube, extraordinary beam n, =n, along O,0, and n, # n, along

telescope tube radius O, B in the direction of velocity V' An=n_ —n, # 0 (Fig. 2).
Now the light flux SO of the star S will get refracted on the medium border MN . Refraction angle of an

(24
ordinary light beam will be 7, = —.

Fig. 1 Fig. 2
Unfilled telescope Telescope filled with anisotropic medium

If to align the exit of an ordinary beam with the telescope cross sight reticule, then as shown by Fresnel and
confirmed by Eri experiment, the aberration angle will remain as previous — &, .

Really, if light flux carrying away by the medium with refraction index n, of the telescope moving at the speed V'

— — c
is not taken into account, then considering light flux ¢ speeding down along axis O,0, ¢ =-— the telescope
n

o

,B

should be inclined at the angle @ g = siny ( is an angle between the telescope axis and the direction of

!
its motion speed V' ). Since O,0, =tc, O,B, =tV and « is small, then
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V.
a=n,—siny =n.q,, “
c

where t is time of the light flow passing along the telescope axis O,0,, ¢ —being light velocity in the medium.

a
On the other hand, since refraction angle 7, = — and we align the exit of the ordinary light beam with the cross
n

o

sight reticule then the new aberration angle o could be
a=na,. (5)

However, the light flux inside the telescope tube together with the medium is carried away at the speed V, in the

1 1
direction of speed V' with coefficient (1——) V, =V (1——), where n, is the refraction index in the direction
n m

L : : 1
of speed V. This is equivalent to the decrease of speed }” by the value V" with coefficient (1——) [7,8].
n

1 1
Speed V, , with the account of carrying away will become V, =V —V(1——)=V — . Substituting

n, n,
V, =V — in a, we will obtain the value of the new aberration angle & .
n
LV nV .
a=n,—siny =—%5—siny, (6)
c n,
,
a=—a,. N
n

When filling in with isotropic 1 substance n, =n, and & = &, . For a no ordinary light beam also 7, = n, , that
is why & = «, is for it too.
For a next, no ordinary light beam n_, # 1, so if to align the exit of the extraordinary light beam with the cross

sight reticule, then the aberration angle will be different:
2

nU
a=a,=-%a,. ®)
n
n?
Let us denote k =—02 and o :kao then the aberration angle for an extraordinary light beam will be
n(?
V.
a,=k—siny;
C

a,=ka,. )
For is anisotropic substances k =1 and & = ¢, but for anisotropic substances k # 1 and ¢, differs from ¢ .

STUDY OF THE SCHEMES OF EXPERIMENTS USING AN ANISOTROPIC SUBSTANCE TO MEASURE
THE CURRENT ABERRATION VALUE
Let us consider possible variants of using this difference for determination of the star aberration angle. Then for

the sake of simplicity we will regard the angle | being equal 90°.
1. Let us measure the star position ¥, by means of the “empty” telescope (fig.1) ¥, = y; + &, (where ), being
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real star coordinate) and by means of }, telescope filled with anisotropic (71, # 71, ) substance with known k (Fig.2),
by the extraordinary light beam (aligning the exit of the extraordinary light beam e, with the telescope cross sight
reticule) 7, = 7, +«, . The optical axis of the anisotropic substance is parallel to the telescope axis Qo . Determine

the difference y, — ¥, = &, — &, ; substituting &, = kex, we obtain

7/2—712(16—1)6!0. (10)
Hence we will determine the aberration angle o, of the star S

%:—ylzc:i/l' (11)

2. Let us measure the star position by means of the telescope, filled with anisotropic substance (7, # 7, ) with the
known k (Fig. 2) by the ordinary light beam (with the ordinary light beam exit el being in the cross sight reticule) ¥, 4
and by the extraordinary light beam (with the extraordinary light beam exit e, being in the cross sight reticule) 7.

Optical axis of the anisotropic substance is parallel to the telescope axis. Determine their difference ) —y,. By

analogy we obtain

3. Let us install a single—axis doubly refracting crystal 1, with crystal faces being perpendicular to its optical axis,
so that optical axis of the crystal was parallel to the telescopic axis 4 (Fig. 3). We’ll observe the star through the
telescope aligning the star image by means of the ordinary light beam with telescope cross sight reticule 6. The star light
flux will fall on the crystal face at the aberration angle oy. In the crystal the light flux will divide into ordinary and

extraordinary flows having different direction of the linear polarization. Due to different refract ion indices n, # n_,

they will get refracted at different refraction angles.

S,

-5 | F
1 ON ?
4

9

v

Y

3
Sy
s -

Fig.3
Telescope with single-axis crystal

a,
The ordinary light beam refraction angle will be 7, = —% . For the extraordinary light beam refraction angler of
n

o
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the single-axis doubly refracting crystal in the direction of the optical axis is equal to the ordinary light beam refraction

T
index no and changes depending on the extraordinary light beam direction angle to the optical axis 0 — — within

n,—n,.
Thus, the extraordinary light beam 7, fraction angler depends upon the angle of incidence & of the falling light

beam. At the same time speed v with the account of the extraordinary light beam carrying away also depends on nf

V, = — V', so r, depends upon the direction with respect to the optical axis and upon the value of the crystal motion

e

speed (Fig. 1,2).
r,=fi(a) and 1, = fi(V). (13)

For a crystal with of ace perpendicular to the optical axis the refraction index of the ordinary light beam can be
r, =r, demonstrate das asp here with radius 7 , and the refraction index of the extraordinary light beam as a

revolution ellipsoid with the revolution axis 7, = n, along optical axis and with axis radius n. in the face plane. The

incidence anglers small (aberration angle < 200"), so small is the refraction angle and the difference between the
extraordinary light beam refraction index and the ordinary light beam refraction indexes small so it is possible to
assume that

n,(r,)=n,(a)=n,. (14)

The main influence on the extraordinary light beam refraction angle at small 7, will be exerted by the
extraordinary light beam carrying away during crystal motion perpendicular to the optical axis in the angle 7, plane

where the difference n, —n, is maximum, i.e., the difference between angles of propagation of the ordinary and
extraordinary light beams will be determined in this case by the lateral speed of the telescope motion (Fig.3).
If to take into account (n,(a)=n,) and minuteness of angles 7,,7,  (Fig.3), then

=9 etV =V 0=t 00=ir-r=Y 1 c-C.
0,0, n. () n. () ¢ n(a) n

e e

r,—r

e o
o

n
A ="eg,, (15)
ne

where ¢ — is the speed of the ordinary light beam in the crystal, ¢ — time of passing of the ordinary light beam along
the crystal axis.

O,e
0,0,

and

On the other hand A, =

2
_ne O
no 0102

Knowing O,0,, n, ,n, and having measured O, e, aberration angle o, can be determined.

N

(16)

Thus, observing the star through the telescope with a single-axis doubly refracting crystal, align the star image by
means of ordinary light beams with the cross sight reticule and measure the distance O,e between star images by the

ordinary and extraordinary light beams. Knowing n, n. and crystal length 0,0, we determine ¢, without changing

the direction of the observer’s motion. The aberration direction is determined by the direction of the star image shifting

by extraordinary light beams in the focal plane of the telescope.
2

. .. . Vv
Lorentze transformation defined movement effect (second-order quantities af, a7 proportional to —-) may be
c

. . . . V
ignored if measured quantities are proportional to —.
¢
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In all variants under consideration the current value of the star aberration can be determined without changing the
direction of the observer’s motion.

When observing star through the unfilled telescope the light flow does not change its direction when entering the
telescope tube. To hold the star image in the cross hairs of the focal plane it has to be deflected by the aberration angle
towards the telescope motion relative to the light flux of the star being observed.

In the telescope filled with isotropic medium the light flux gets refracted at the exit in to the telescope, but because
of the transverse carrying away of the medium moving which is moving together with the telescope the refraction angle
gets compensated, the light flux does not change the direction of its propagation and the telescope has to be deflected by
the same aberration angle.

In both cases, the light flux does not change the propagation direction, and the telescope passively gets adjusted to
its motion.

In the telescope filled with anisotropic medium with optical axis parallel to the telescope axis the extraordinary
light beam changes its propagation direction as compared with the direction of the entry star light flux and that of the
ordinary light beam in the telescope.

Active change of the extraordinary light beam direction is caused by different refraction indices of the medium
along its optical axis, coinciding with the telescope axis and the direction of its motion together with the telescope.

This active aberration differs from passive aberration by the value and coincides by the direction.

Among abundance of stars one can find stars having at the given moment speed equal to observer’s speed.

Aberration of their light flow for the observer is of no importance, which proves independence of the light velocity
from the speed of its source. At the same time, the star and the observer can be considered as an inertial system with a
source. Measuring active and passive aberration, we measure by their difference the system speed without changing the
direction of the observer’s motion. This gives an opportunity to investigate practical realization of devices for
measuring speed of inertial systems with respect to the light flux.

CONCLUSIONS

1. When observing through the telescope filled with optically anisotropic medium by means of extraordinary light
beams the aberration angle differs from the aberration angle when observing through then filled telescope or telescope
filled with isotropic medium.

2. Different proportion of transverse carrying away speed of the extraordinary light beam flux and its longitudinal
speed in the moving anisotropic medium, as compared with their proportions in the isotropic medium, cause difference
in aberration angles in these media

3. Since anisotropic medium refraction index depends on the direction of the light flux propagation, this direction
changes at the transverse motion of the anisotropic medium. The value of this change depends on the direction and
speed of the medium motion.

4. In contrast to star aberration of the unfilled telescope, where there is no change of the light flow direction but
passive adjustment of the moving telescoped expending on its speed takes place, when filling it with anisotropic
medium the direction of the light flow propagation of the extraordinary light beams is actively changing.

5. The difference of passive and active aberration angles gives an opportunity to measure current values of star
aberrations of various types (daily, yearly, century-old) and hence of various components of the telescope speed.

6. Measure mentor various speed components is possible without changing the direction of the telescope motion.

7. Active aberration gives an opportunity to investigate measurement of the transverse speed of the inertial system
with respect to the light flux without change of direction of the observer’s motion.
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