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, DIFFERENTIAL EFFECT' 
I 

OF THE THOMAS PRECESSION 

OF THE RELATIVISTIC ELECTRONS 



Introduction 

The Thomas precession of any body was discovered in 1927 (1;2] as a new phe
nomenon in the atomic physics and special theory of relativity. This phenomenon 
is a pure relativistic one and is the result of the noncommutativity of the composi
tion law of the relativistic velocity vectors. The Thomas rotation formalism based 
on the noncommutative and non-associative groups for relativistic velocities has been 
studied by A.A. Unger (3]. It was also proved (4,5] that Thomas precession can be 
explained by using its associated grouplike structure. 

The most dramatic feature of the Thomas precession was discovered by one of the 
authors (B.S.N.) (6,7]. In line with a direct approach, which is in complete accordance 
with the earlier results [8], it follows that there exists the Thomas precession effect, 
which is defined by the mutual orientation of two velocity vectors, one ofthe electron 
itself in the laboratory frame and another one of the laboratory fraine. 

For any observation angle 0 there exists a local Thomas spin precession frequency 
w(0), which is defined by equation (7,9]: 

w( 0 = eBo [ a + 'Ye + 'Yo . 1 ] , 
) me 'Ye 1 + 'Ye'Yo(l + /3e/3o cos 0) 

(1) 

where f3e is the velocity of the electron in the laboratory frame and /30 is the velocity 
of the laboratory frame itself, and 'Ye and 10 are the corresponding Lorentz factors, 
a = g/2 - l is the anomalous part of the particle g-factor, and eB0 /mc is the static 
Larmor frequency. 

From Eq. (1) it follows that the differential effect of the Thomas precession is 
a pure relativistic one and vanishes for 'Ye -t 0. The local spin Thomas precession 
frequency can be approximated by the linear function of f3e, To observe this differen
tial effect we must use electrons accelerated up to 1 MeV, and we must also increase 
the scale of the electronic orbit up to the macroscopic one ( ~ 0.1 m). In such c~n
ditions we get the opportunity to measure the local Thomas precession frequency in 
the different parts of the macroscopic ring orbit. This effect contradicts the Einstein 
relativity theory but is in lin~ with Lorentz approach. 

Device 

The proposed experimental device consists of a compact storage ring of the ac0 

celerated electrons with energy 0.5 MeV (, ~ 2). The curvature radius of the ring 
trajectory is equal to 92 mm. The lifetime of the electron bunch must be equal to 
10 ms or more. The energy spread of the electron beam must be as small as 0.1 %. 

The electrons are injected into the storage ring at initial energy of 30 keV. The 
polarization vector of the accelerated electrons is directed along the main magnetic 
field of the storage ring. The induction acceleration of the electrons is accomplished 
via the adequate time-program of the main magnetic field. 
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The local resonator coil is placed in the part of the electronic orbit at 180° with 
respect to the injection unit. The magnetic field of this coil is oriented along the 
velocity vector of the electrons and is fed by the alternative electric current at various 
frequency to search for the resonance frequency, at which the depolarization of the 
electron spin is taking place. The time variations of this frequency during the day is 
the goal of the observations. 

To control the depolarization effect, a polarimeter with Mott scattering counter 
at the angle Bs.c. = 125° must be used. The current of the electrons in the storage 
ring must be of the order of 1 µA; and the degree of the spin polarization, of the order 
of 80%. 

The whole experimental device consists of the following parts: storage ring of elec
trons, source of the polarized electrons [11], injector unit, static accelerator, resonance 
depolarizing coil, Mott polarimeter and cC:mputer control system. 

Figure 1 gives the general view of this device, which includes: 1 - vacuum cham
ber, 2 - liquid nitrogen chamber, 3 - liquid helium chamber, 4 - polarized electron 
source, 5 _:_ static voltage supplier, 6 - distributed insulator, 7 - Roots pump, 8 -
probe, 9 - quadrupole lenses, 10 - depolarizing magnetic coil, 11 - rotable target 
and 12 - particle counter of the Mott polarimeter. 

Figure 2 gives a side view of the central part of the storage ring with 13 - two 
pairs of the coils, producing the main magnetic field Bz, and 14 - quadrupole lenses. 

Expected effect 

The expected daily variations of the differential (local) Thomas precession is of 
the order of .iwT ;::10-4 w0 with w0 being the electron cyclotron frequency. To get the 
measurement error of the order of 0.1 • .iwT, the lifetime of the electronic bunch must 
be 10 ms or more. 

Concluding remarks 

As was shown in [7], the average value of the Thomas precessiong frequency is 
equal to 

eBo 1 g eBo 
Wav = -(g+-) = -·- -wc(,'e-2), 

me ,'e 2 me 
(2) 

does not contain any information of the translational movement of the laboratory 
system. This result is in complete aggrerment with results of the (g - 2) experiment 
for electrons [10]. 
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Fig. 1. General view of the experimental setup designed for observation of the 
differential effect of the Thomas precession of the relativistic electrons . 
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Fig. 2. Side view of the central part of the storage ring. 

a 



References 

1. L.H. Thomas, Nature (London), ill, 514 (1926). 

2. L.H. Thomas, Phil. Mag. ;!, 1 (1927). 

3. A.A. Ungar, Appl. Math. Lett. 1,403 (1988). 

4. A.A. Ungar, Found. Phys. Ji!, 1385 (1989). 

5. A.A. Ungar, Amer. J. Phys. 59,824 (1991). 

6. B.S. Neganov, Commun. JINR £4-89-827, Dubna (1989). 

7. B.S. Neganov, Hadronic Journal 14, 3377 (1991). 

8. V.I. Ritus, Sov. Journ. Exp. Theor. Phys. 40, 352 (1961). 

9. B.S. Neganov, Preprint JINR, D2-92-446, Dubna (1992). 

10. W.H. Louisell, P.W. Pidd and H.R. Crane, Phys. Rev. 94, 7 (1954); 
A.A. Schupp, P.W. Pidd and H.R. Crane, Phys. Rev. ill, 1 (1961). 

11. J. Ariauer, S. Cohen, S. Essabaa, R. Frascaria and 0. Zerhonni, EPAC Confer
ence, 1994, London. 

Received by Publishing Department 
on October 29, 1996. 

4 

\ 
I· 
I 

'l lr, 
I 
Ir 

\ 
ii· 
!1 

i,1r 
I 

• 1 \ 
I· 
[ 

f,'; 

1 
!1 
)). ·! I 
I . 

f 
\i 
! 

~:l l) 
·'/. 

·' 
I . 

\! 

I 
I 

\ 

•,} \ 

· H~rattos E.C., Cop~Ko Jl .. M. . . , , , 
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TToKa:JaHO cymecrsoiirurne 3cjJ¢eKra npeuecCHH Tm.iaca, KOTOpLIH 3aBHCHT OT B3attMHOil opueHTaQHH 
. JIBy{ BeKTopOI/ c~opocrn: OJIHOro _JIJlll 3JieKrpoHa B na6oparop11dii CHCTeMe KOOPJIHHaT u: 11pyroro 
. JIJ(ll Jia6oparop·Hoii CHCTCMLI KOOpJIHHaT. YKa:iatt1iL1ir .3cp¢eK-i- MOJKHO Ha6JIJOJlaTL npu <noMOIUH 3KC-· 

nepHMeHTaJILHOH YCTaHOBKII, KOTOpal! npe11qasii~eT co66ii · MaKpOCKOflH'leCKYlO Moite.nL. KOJILUeB~X 
rpaeK'ropuii 3JleKTpoHa B a.;.oMe. TaKaii MrulpocKom1'!ecKaii MOJleJJL o6ecne~iisaer MeKsarnLte ycmiBHll I\, 
JIJI~ 3KCnepHMeHTartLHOl"O. IICCJieJIOB~Hll 3TOro J1Hcp¢epe11uiiani.11~ro '!Hc-i-o pe.rI.llTHBHCTCKOrc> 3cp¢eKra, 
·KOrcipi.1A .onpeJleJllleTCll :JIBYM51 f/laBHLH.ii1 oco6eHHO_CT51MH. yc-raHOBKH:° .I) 3JleKTIJOHLI. HMeJOT pe.n~rn
BHCTCKYIO. CKOpOCTL Jr= 2), a He_ MaJlLle CKOpocru B. np11pciJ1H~X aTOMax. ( y- I = 6.1), II 2) MaKpo: . 
cKonlf'!eCKHii Macrnra6 rpaeKTopttii 3/ICKTpOHOB c pa.rmyi:oi.t op6irlLl.3JieKTJlOHOB nopllJIKa 10 cM: --., . 

OnHCaHHOe B JlaHHOA. pa6ore ycrpolicTBQ; npe1111a:iHa'l~HO )l,J)ll 3KCnt:pHMC:HTaJ1LHOro )lOKa:Jare.~bCTBa' 
C)'\UeCTBOBaJ!llll YJ(a:JaHHOro itii¢¢epeHUHarlL

0

HOro. 3!p¢eKTa npeuei:cim ToMaca.<JlattLi reXHH'JeCKlle 
napaMeTJJLI 3KCnepHMeHTaJ1LHOii MOJleJIH. CytUeCTBeHHOH 'laCTLKJ ee_llBJI5leTCll 011C:-i-o'IHHK nom1pH30B:tllHLIX . 
3JieKTpOHOB. i •, . . ' . . . . . . ., . , '/ 
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, It is shown that 'there exists , the effect of the, Thomas precession 'which depends on the mutual 

. orientailon 'oft~o, x_elocity vectors: one of ihe electro~ in .the. laborat'o'ry frame i and, ruiqther one, 
' of the laboratory frame. -'Ibis" ·effect can be observecf in the_ experimental device which represents ,
~ mac'roscopic model of the 'e!ectronril)g trajectorie_s,in the atom, Such model~ffe~s;the mosi adequate 
ccindithms for an experimental investigation of this differential pure relativistic effect defined by two 
main features of this device:. I) relativistic velocity of the el~~trons ( y"" 2): instead of low velocity 
in the natural atonis (y-:-1/= 0.1), and 2) mac:roscopic seal~ of' the electron trajectpries ~ith electron 
orbit r,idius of the order of 10 cm. ' .... ' .·. .· ·. ' .·. ' :, . . . . , . . . ·. , . . . 

. The pevice designed for, experimental' proof. of this, differential° effect of the· Thomas, precession, 
. is, descrii:Jd. The technical parameters of_ this experimental . model' are' given. ·The. essential part 
of the .niodel is the spin-polarized electron·source. . ·: '.: . · .. , 1 ' • -:, : 1 : ' ' '• . •. • • -
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