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At first we repeat well-known arguments /1/ using the cyliri.d-
... ·,; . !·•"'I ... -; ·, -' ; ·~·-- ·: ~· .. ' ~': :·· .. 

rical solenoid (CS) as an example. Consider charged particle (CP) · 
' f . . ' < • ..J -~ . 

in the field. of the re~ting"infinite cs. The term in Lagrangian 
_;! :: ,, ';' ~ J ·, ,·. 

describing their interaction is 
. ' . c.. . Q -7 .. § ~ --r ) 

. _, :i c. 'l[Q_ ,,_ · l ~.e.. ~s · 
and UQ. 

1

ar_e. the r,adius..:.vector 

L,- (I) 

and velocity of _the _CP 
~- ...... .· ...•. ,_ .. 

~ 

Here 'tQ. 
4 

resp.' tts is the radius-vector of CS; J1 ,is the vec_tor paten~ 
• .. ;.!' .' 

tial (VP) produced by cs at the position of CP. The Galilean in-

variance leads to the f~llowing modifi~ation-of E'q~ (I) when~:both 
the CP and CS are in motion 

gtJe.-:_1fs) · J\ t tr~ _-;r:sY. 
c "'··-, ' '-;~J' 

(2) 

b 
-? .t -~- t; 

Here 1fs is the velocity of cs. As was shown ~1~ /1/ th~-. added 

term' 
~ :":~'? .t' I· f. L ""·,I 

.. --r __ .-:~~ --::-r _.,.,.c.-, , ., 

.~_-·u( -Ji \'1~...,-~s) ---
c ~ . 

~ "T :· ~ --~ i';•-<'l 

(J)-

,I • • ' . '";<'• 

1· correspond.s · · to the·- scattering of neutral•·particJ,es vii th the ' 

I 
I 

' :/ 
1 
I .. 

magnetic dipole moment b{the infi~ite 'charged''filament. The ex~ 
t . . .,. . 

periment in which, the ne~t:r.!ons were scittered' by, such a filament-
' • .... . .. f ·- ~ "· ~' • ~~ , -, • " -I ::_: ' •. I 

was_- perform_ed in 1989 /2/. It has ·conffrmecL.the_ ~xistence of 4c 
t t t\~' 

} . -~ 
' I . • . ~ 

,, 
' !·_: ' ; J 

effect'. ... 
'\ I, • , ' , •• 
" The interact~on of CP' \~ith resting~ toroidal' sole'rioid (~'S) cis 

. ..... . . _.. _, ' 

descr~bed by the same Eq~ (I). where under·}\- one· should understand VP 
: •. • , } ~ • , . j , • . . ""·· .,.. • • I. . 

of TS. · This VP was obfairied iri ref.· /J/; ·its propertie~ vi ere .v; '_ · 

discussed in /4/. 'The excellent 'e':icpelr'iment in which the e'lectrons 
'I ' .. \ 'I ' \ 

were scattered· by- 'the magnetic field of TS was ·performed -by· Tono-" 

mura et al. /5/. Their theoretical description may be found in 

Otn.C:l!litit>titihiil HHCiKTJT I 
a~~~;wx 1acc~eJDtaull 
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refs. /6/. The same considerations of the Galilean inv~riance 

oblige us to. choose Eq.(2) as an interaction when both CP .and TS 

are in motion. -It .. is 'our go~i to ·d~~{ve ~d interpret the adde·d 
,. ·. . .··.. . ·~ .:·. 

term~). Le~ TS with. po~o:l.;ru;;_l cur;ent. ~-.(flg.l) move with v~lo-
city 1S5 ·~ According to Speci~l Relativity .this induces charge. 

- 7 
density . .9-= ttr.s. -~) ~ 1 c-. .. , (As .we limit ourselves 

to the Galilean invariant 'the~ry, "so· fadtor.·~ can be discarded. . ~ . 

The interaction of :m-oving .TS with' an external electrical field' _,. . ·. . . . E = ~ ~i.~C\\j ·· . 1-s gi~en by · ·'· ., · ;_ 

n= SJ·YcAV' = t s~ tifs. Il JV. (4) 

.......,. 

We change the current by the equivalent. magnetization \'1 
~ - ; .. 

l ~ = t 'lOt M ) and integrB:te by pa:rts · · · 

· 1t=. l t:Is ~ :E )( M ~V. (5) 
'"· C., . .. . ····· "· ;·c 

At large di'stances (comparing to the dimensions· of TS) from the 
.---9' 

_souro~ of t the latter can be developed into the series 
4 \., _, _,. -r -r -9 _.,: ~ . 1 ~ - ............ ' ~ \/ 

t ( 'ls-'lt-) ~ t ( '1o -1L) + ( tt \?o) · E \ 'Lo ~'LQ.. J . (6 ) -Here ttu :. refers to .some .. · point at the neighbour:ijood of TS (e. g., 

its centre:::.of-mass). Substitute (6) into. (5) r .'· ... 

' -v .-r _, . --r :::! _,. _,. ) 'U = l- tSs ·l E xycl) _.J. .. ·('lfs ·Yo) :\-E ·}A~;··.·,· ·· C7) ,( . l~ . .,... '(• ' '' ,.,_,,.· ~ ;' . 

Here Jfa.: S M c). V . ~nd ji t ::. S ltt x.M ) J V · are the magnetic 

dipole·~~ t_oroidal moments .(TM) of the TS, r_esp. Fo!_ the TS }-tJ --0 
.'and 1M·)A t:· is directed-along TS symmetry axis (fig.l). It has 

the _mag~itude .Jv\t= {-fi~~ ~- (Here ~:: <p / [ 1ri' t~~~cl~-Q.'l~] . J 

. <\l is :the magnetic-;flux inside TS, d,R are geometrical 

paramet~ri:--~f. :_TS ·(J>~cl.l1..-t- !J: '1.. .~ R~) . As expansion (6) holds 

'•f. --'7" • 
:.."' .,l . 

: .1 :-e~t·:: :; r~j ;~ 

':-' 
; ~ 

'i ,, 

s 

... 

-+ 
outside .the source of electric field,, the term containing div. E 

" - < - -

was 'omitted in,.the derivation of (7). ,'.T:b.us~ 
. ,, . ' ~-' \ . --? -T . . :: 4 ' ·, 
IJJ. ___ 11f .n \ ·(.L.l•t)· .. 
V\ - · 1 e. \ \J S .'l u ; ) · -+ L J"' . • " ·. 

r .. :. -~·, 

,.(8). 

We ask now: v1hat electric field E. should''be substitut~d into: (s}' 

to obtain term (J)? Dy ~'o~parin~· Eqs_ •. (J) and (s)-vfe 'get ,. . , •·· 

Q Us.] L"ic- ~e) ~ ~ -~ (Us ~~o) · ( El'io~ 1~ )···}\ f} L. '.(9) 

The sign minus arises here because the potential enerr,y enters 

..·into the Lagrangian wHh negati~·e,sig~; it is .taken into ~cco~D.t 
\ ,:! . •, ,._. • ' ! • -~·· 

also that VP of TS is an even' function of coordinates /7/ .(contrary 
o, r· 

to the CS case). Equatin;:; coefficients at the particul'ar ca~tesian 
component of 1J5 we arrive to . -r .-

::'.){;>>;:~·. .. ,_ __;·;\ ;-;· . -t ... cl E"' ~'lo:-:-1-e)., ... :·.::.::r•:·: 
' Q B. l---,1, _N .\·::-J.ly· \ . . . . (IO) ' ... '. L 0 . [,n d ,. . ., . t, ~ . ·_·"\ "'': .. ~. ~·,, .... ·.· , •, . ~·, . ..._ •· ·.· "'c:>JL'Ot.· ·-·· .... . 

,. .::"" OJ ;..,;;· _ ' ... 1 :~.: ~" . :;z .. ,) -::·:,; . ..., , ~ · ~ ~}. 1 

Vlithout loss of generality we .'lssume thaf symmetry axes of TS in 

both sidei··o·r;ih.is'E~~ .ax;~ ~arali~~ i~' the'··~ ·axis •. Th'ii gtves 

.Mt l·~='J..;~~~((~/8/. i As ·~~,e~Fansio!{ (6) h~lds f'o~ t~e 'i'~~g~:: ,,;' 
1i . •.,., . , •" , ' , . ' .. , '; ·, ; :· , ··: , . , , L '· , , ..-:: , ; , ,. •)' 

separations of- TS and electric -field source, one should use in · · 
r • • .. ·· - .-: .. · -"- '. "•: ·.·· -.~ 

the Liffi. of clO) the ;;;_~~pt~tic 'v~l~~~''oi- fl /J,'-4.';; 
... ,\_;;: 
''"' 

~ 1 ~ { ~~~ 4 Rl-J\i\+ 3 cds 'i'ey~' ; · -Ay .. :-- ·~- "~ ~ v. 'L s i." i e 1 rz_ ?> •• 'l'his' 
.,-., ' ~ ,· ~"""' ~''1'"'' ~' • ··: . -(~., ... ~, :-'" ' '" ·.·."'! 

gives . · ·- · ·--~ . ·- \ 1~-;-)\i~-~~-" (jf ~. ' 
·"'~- ... "\C,. 1. .ut; _'"\I"", ... n . . _ 2., 

'l.Q._ J..C.:. CJ\:~ :>Q.·-:J·-•=-·CJ_I::._.c-.-) .• -~ ... - .·H-;- •' 
-> 1..,--:-- :a':>t ' '1F. .· .. ·· <~'1. l. 't s · · a c-

• 't. .. · •. ~· )"" _ _. .r ~1,;-·, 

C X .. ::.•X:X:a::-:~XQ..., etc~). ·• _,,,,~· . ~ . ..: · ·: ... , .. -:3.h ,,:: 

It is easy_ to check that these ~qs. are satisfied ·if 'r:.t.::Q't./'l, 
,. ...... . ~ '"T ---~- ... : ..... '" 

But this is. just ~ co~.?_,onent of E;: Q.'l. /7 . This means that 

term (J) restoring Galilean symmetry at large distances corres­

ponds to the motion of TS in the Coulomb field. To find the 

olectric field at finite distances we turn to Eq.(4) where expan-



. -t" 

sion ~:f E was no-t yet performed~ Again ·we"require the coincidence 

of Eqs~ (J) and (4):etrsfl=-t-~~(ifs·Jfc\V._we remind 'that.:P 

is(the scalar potential of the elect'rical.field to be defined. ... 
Compare .. coefficients at. lis 

' ·. . . . .. -· ' . -,-, .. 

e .A { 1:) = 1 S ~ t~:-~·1' l. J ( fiJ£Alf~ Cn). 

c. '\ '"1 :, . 
. .J 

We keep in mind that VP of TS satisfies Poisson Eq. 
~ 4,-J "';"f" 

~ n = - d'· · J 
Its solution is 

~-- ( _! ~ I J l ;:[ 1) J\ /
1 

"j \'t-tt I - -· .0\V. 
. (12) 

.' Jl- c. 

By comparing Eqs•·(11) and (12) we get I.J=..e/fi;-1)1 that corresponds 
'"~ ·"• _i _; ~ · ~. ~~ . ·.~ . r; { 

to the. scalar elec_t:i:'ic potential of ~he point charge. Thus, term (3) 

describes the motion of. TS in the Coulomb field. There. is no,.classi­

cal s,catteririg as Eqs •. Ve_ = i:ts -='0' .. fo~i~~ .:fromia~r~g~an 

L = l.~~tf<1.L~ {. fi'sUs2.f-·g_ (\fe-tS.d ]t~Q. --i;) . -~-<~J~1

lxing: the 
l.... . c. . -r ·~ - ._.,_, ~ 

position of.the, Coulomb c_e!lter_, ('U'e.=1e-::0 1 t5.s-:.tr,:.,'t~.~ 'l, 
Ms-:: 'M ). we obtain ':i.agrai1gian d~~~ribing tJ;te scattering of . .. L ., . . . _, .,.., ._,.J 
TS by the resting.Co\llomp c~.B;7ge:. = l 'MU2 -r~.-}:f:::·fl/1 . . 
For the in~initely small TS :this reduces to l = 1 k l.f'l.... '+ 

+ 1 (lf V:) l E j~)-: E=-~il/-1'!> that:;correspondst~ the:'scatteri~~ .· 
l.( - •.. . -~ ) . ; ; :;' .. # • -

of toroidal dipole moments by the Coulomb field. Again'there is 

no cla~sical scattering { 'l?·-= 0 ) . The corresponding Schro~'ci:inger 
Eqs. 'are' . ··· . ;-._,, ·:, .. ,··., 

) ~ .. ·.::. 
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" :::--...• 

: c_. ··~ 

'>-~-~~: t~ 

_<~:' .• ·; :;¥~ -· 
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:J 

J 

_ t'L \ ~ * ~Q K \'t. 1.r = ["•r 
l\v\. t> ( ) '\' '¥) 

L" -·. ·. -;., ". h ~ .... • -f' -r -~- . .• 'l; ' .. ~- e.?:> .CD)-

~~ \ \!<- ~t.(_\7 l E )A b)\·'-{= ttf C- __,. 
.L - rz~::. 

.. 
" ' '- • • •••• , "'' • ~ • • •j • i 

They describe the scattering o:f TS and ~·by'the Coulomb :field. '-

The question arises: how to verify the 'existence of AC effect;fo·i· 

TM? One should· :find the neutral particles having the nonvanishing 

TM (and zero magnetic dip~le inoment). It Yi8:s ciaimed in ref./9/ 

tha't Majorana .O:;utririos are' just such particles.· The· second ·\vay 
is to study the' scattering of :ferromagnetic' mi6roparticles ,,: ; 

(which according to fiO/ carry nori.~ero toroidal momen't) ·by : 

the Coulomb field: 
'; 

J.Jt 

Fi'g~l. There ·are shown:poloidal current on-the.surface of torus 

and the associated toroidal moment. 
· ... 

,/'t,J: .. ': _.,...' ~.· 

~: 
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