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Ij\.t the pres~nt time, the problems of the existen~e of th~ ·new 
' ( fifth) force [1], are ~videly discuss~d [2];tlie~e are so~e preliminary 

·· results of obseryations of ne~vJcmg-;-range forces in_ lab~rato~y con~
: ditions too [3]. The general origin can exist for these problems and . 

results. _: · · -_ · · ,,,,.- · · 

. : · Below. we consider an •inter~sting 'theoretica:1 possibility to .i~tro-
• i duce quite a "ne\v, C unknown until no.;, specifica:lly quantum type of 

long-range forces acting between systems wp.ich consist of several:..el- · 
ementary~partides, e,1chha.:ing no this property. It is just.composite. 

. systems that,generate these -forces inasmuch. as every particle· that; 
composes these _systems J:ia~ not thi_s property. It is ·important to e~~ 
phasize that the new type9f interaction f; generated only by objects 
with n~r{fixed ~pins only.. . '.' . ' .. -· . . . . .' _· . . -: 

, -2.As it is1known, a Lorentz 4~vector field A; h~} fou;_polarizations 
. · and can describe states with .spin is'= O and 's ·= l. T~ fix spin·;· one 

should introduce some auxiliary co~ditions ; __ -Specifically, -i~ electro--· 
· dynamics it,is the LOreiit; conditiontightly-co'nne~ted with'thegroup• ', 
ofgatige transformations ,· , ) . . \ . 
• -~. "';' •• C • '• • ' •, ~- • •' ~ 

/. . ~ 

,· 
A; .=} . A~ == At+ 8;cp. 
~ . ._ ', i' /, •, .· ·•:' '. I' \ 

(1) 

~ 1 However, <~hen spin is riot fix'ed, w~ can adon a 4-v~ctorwith trans~ 
, formatiotis of the f ~rrh · . . _ __ > _ , 
1 • • A' /VA · , ' i =; i. j, 

.• ~here then1~trix L} isa,second r~nk tensor fiel~ w_ith J?et(L})/ =l 0. 
Undef this· cor'i.dition the transformations (2) forrri c1; group. It is 
important to note that transformations (1) and (2) do not commut·e . 

• . . __ We should clarify' the·,rrieaning 9f the new group _of transforma
ti~ns thaf"mix" ,the states with spin one and zero. :t:J~w we ~eed an 

- . .-• '-'. . '. . . I 
additional constraint on ,this group 

~ . . . . . . ' 

,<. .k l ·•. ·. . . 
··- 9klL; Li= 9ii, · .(3) 

that -__follows from -tlie invariance· of the scalar. product ( A; A) 
A; Ai gii uhder'the transformatiOJ!S (2), where ii is -' · . -_ · 

, ... _ the Minkowski metri~tensor li = 9ii = diag(l, __:_1, -1; ~i). 
·•. '• ~ ,• , ~ ,\ • • • ' • ~ • I ' 

,\" '-. 
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Let us investig~te the well knowi1 Lagrangian 

. , 1 ·.· - . 
··· L - --8-'A -8iAi · -. _. ,- ··- 2 ,.' J ·_•; ... •,-

,. - ( 4). 

·, its being invariant with re;p.ect _t:o the transf9rm~tio11s·.(2). i To this 
end we shall redefine the operator of partial differentiation so .that 

• , .·'. • - • •• • • -· ·-~ • ' ! •• ~ ••• l _,;_ .• • ~· 

I .. I. . . I . . '.· 
D;Af = Li(D;41). 

!: 

. ,.,, (5L 

it follows froin (5) that · 

' ·.· -.· .· .. , . . ~-kl 
p;Aj =;= f};Aj+H,jk9 At, .(6)'. 

·where Hijk·is,a t~nsor,field oLthe'third·_.rank ctntisymmetricin\wo 
- in~ices (Hijk~ :-:-:-Hikj), with the law of_tra.nsf,ormation ·--~ ,. 

~ . . ) - , ' ,... .~ . ' --- ' . '-, .,_· 

iI;jk'=-=, ·. H;117:Lf1:r;: +}11~L}D;L7/:,· . (7) 

The; simplest._way .t() proof this expressi~n. is to consider tli?in·
finitesimal transformation L; _= 8} + Uj dt; where in accordance with 
(3) []ii = ~Uii, and_to insert _(6) and (7)into (.5). It is not difficult to 
verify, that . - , ; , ... . , - . - - , . , I -

. . . .. [D. ·n· ]A .. . \ a· -lmA· . :· . , . (. ) 
, _ ,: _ i,. j . k = ijk/9 - mi·• · .·· .. .. ✓- • 8 _: 

;' . . . · . .'. 
- · where 

Gijkl ~:aiHjkl,;·ajHik~ :+H~k~Jljn;9;.ri --:-Hjk.;H;~/9m,~; . (9) 

is tlie ·strength .. terisor 6£ the:gituge· field H;jk; Fr6n~:, (6), (8), .(9fif 
.followsthat the Lagtangian invariant wi~h re~pect. to the transforma- ~ 
tions '(2}has tlie·forrrr - . . - - - . - - .. 

--~ =~!·n'A-DiAj .:_:re~-- .-Gijkl -
2 

. • J , . 4 i3kl _ •. (10) 

By making use·of the variatiorial- prin~iple'~ith· the Lag~angicin- (10) 
. it is not. difficult: t~ derive in✓ariantequitioris•·of:-mot'ioi-/. It. is •. clear 
that all expressions -in.eluding the operator.• D~ a~e ~ovariant under -the 
tra~sformations_ (2);-but this is not tm~for,trarisformatimlS·(i). ,_ 

i 

1· 

As. it: is seen, _the \'ector field Ai. in one· case JJlays the role 'of 
. a. gauge·field ·carrying iiiteractions -bet'ween charged particles but ii1 

- , - - . • . I , 

other cases it generates a new long-range field, which would be.called , 
-the torsion field. The most important conclusion· that. follo,vsfrom 

-. the above consideration-is tha,t partjcles\vith a fix~d spin'cannot ge,~-
ei·ate a torsion field: _The name "torsiori fi~ld" is used for the following 
reason:' :As it is known, _in General Relativity ,vith Riema~m geofo- -.· 
ctry as a ·geon1etrical frcime\\'OI:k, a rnefric tensor' is 'connected ,vith -
gravitatioi1al forces. In a rnore g~n-eral Riemann-Cartan-geomdt1:y [4] 
there is ~n-~dditional 0 tensoi; quantity called the_ torsion. Since this . 
te~'sor is-of the sarric ty1:>'e asthe tens~r oJ spin ang~lar ri1omentum, ... 

.. - [5],·the s~ggestion has be~1i put foi·,vard,that particle.spin~· play.the 
'role ofto;sion'.ficld sources. '· . ' . _-__ . _ - -· . . 
- , -'1~d~~d, _in a set of para1~~t.erscharacterizing ptopetties ofelemen

j 1 .- tary' particle;, only the mass' and ~pin a.i-e· fonda'ii1enta(and_- can be 
- . interpreted as " ·charges ,, which aTe connected- with the 'geo1;1et~·fc~i' ' 
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-. , 'propeitiesof: space.:.:.tiirie, However, there is-a principal differen~ebe-
-'. •·tween' the~e two notion·s.-•·A ~tr~ss ~tei1sol'. ofina.ttefis i1;ti~natelv' coi1-

., .nected with a diffeom01:fisms gro~p:[6] ~vhich;i~-igi'oup of si:i~c;-time 
sylhrr}etry Gene~:~rRelativity and detehi~fnes the forrn'of gravitatiqnal -
inte,ractions [7] ;but for'the, tensor.()f spiri aiigular ll;?mentum theariaJ
ogous gro1ip of syfumetry 'cannot, be· sho,~n:, Henc:C one. can doubt a- , 
possibility fo co11struct a theory of" torsion_ forces "on a. s_im1;ly f~rmal 

- -.leveL-The example considered above ofthe vector fi~ld, sho,vs that. 
physical systems withfixed spin cannot generate,-tl1e:tor~ion field. li1 

. other words, the spin in contrast to the ene~gy-1~1o~n~ntum is not t,he 
-.,, charge." that generates. somefi~ld. Jt is not .~-c:cidentally thai our_ 

· experience does not-indicate ai1y traces 0L"forsio1i forces", when we 
- deal :with ~ystems whose spi_n is fixed. . . . 

i To de~elq1/a consistent theory of long-range "torsion foi·ces" we 
, - .. - - - ~ . . - . .' ' 

...§liould have systemswith indefinite spin_. It n\ight be.expected that 
such system's will_ be i·eally connected .by forces absent for elementary · 

-padicl_~s;· · - · · . ·. . · - _ · _ -. _ . 
- Let us_ consider .the simplest and probc1;bly most realistic system 

--. of that kind. Two cl1argedpa;-ticles :vith spin li./2 in;the 'general cas~ -
compos~ an object the total spin of wh_idf runs ov~r two values, s =, 0 . ,· 

--
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and s ~ L The object, as a whole, ~an be described by a c~r11plcx 
vector fi~ld 11\, an'd, as whole again, generates the '\torsiori. frc.ld" H;ik· 
The total Lagrangian · ·· - ·· · · · 

,! . I .. . 

:··. ·. ·,;.' -~ •,,· m2c2- * ... I !, '.'.kl' 
L....:.. ..::...D··'·· D1

• 1•1 .:_ -- 11,. 11,• -· ··--c; .. ,.1G'J ·. · 
t'f-'J,_ '. ·:If/ __ I 1i2:. Yt_; '; 8 ;-_l)t.; . 

l • 

(n) 

. is invari~nt not ~nly' ~~der. Lorentz trapsformations'. i/ ~-a~xi' !)l1t also :_·. 
uU:de1Jransformations (2t The corresponding eq'uati9ri of motion ca11 

· be \Vritten in the form·. · · · · 
·~ .... 

··a· ai~,. .,.kaiH.' · · .. -'•JH. -. a·t.,"'' 11 -1·1'°"1:1 o ·- - (·12) 
i / 'f-'j +_If/. _. ijk_+- , ijk .- 'f' ...... ikj . , 1/'t ~-- , , · -. . 

' . ' . . ' . . .. '. 

·:a.c•ijkl'_H'" c',i}tm. ·+'HJ 'G·' ... ' _:_ c.•jkr 
i ,· ~ _, t.m · ·, ·., - t,"11'}, 7 tJkrn. -l-~ , .. ( 13) 

'where ..:. 
'. 

5ikl ~ J\ai?jJ~ +ffi_lm1P~) _c_ ;1(fJi1fl+::lJJ.k.f;ip_;,)+ C.C: 
- .· .. J ' ·- .- - . -. " -

(14)' t; · 

'is theJensor of spin a~gular momentu~ of tli~ ~011sidereci system., ' 
; Using 'the' ,;ell kno~~. r~les one can get from, ( 11) tl~e gauge Jn-';' 

· -~ariant ·expr_essions1 (~r ·the energy:::-,rriomentum. tens~1:·and · Current A-
. ~ector - •.-.··::-: · .- · ~ ··' ': · · ··· · ,-·. : · -·: •_· · ·. 

. . • * . · : k. ' · · · ,.. , k/ni ' · · . 
_Tij = D; 1/Jk Dj?p +c.c; + Gik[mGi .. :' +g;jL, .. · 

~. ' * ··,,r- ... ,. ,; * J" 

j; -=;=:i( 1jJiD;1/Ji ,.:_:1/Jip; 1pj)2 . 
- ' . . . " - ~ . ' ~ .( . 

(15) 

:, \:~ (H>) 

. \~here L is th~ Lagrangian (11 ).; . 
_, : Thtls, we hav~ sho~n that· ,/~ystem o,f t,v<> J)artirles wi'tli.spin li/2 ;> .' 

,can generate a newtype of for~es whjch disappea,1.:)ipo~·decay of~h:e 
system. :. . / : , - • . · · · · _ · · : · ·.· ·· · ·· · . ·--:. · 

1)' 
.,]. 
\{> ~ 
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then .. the vector·. field · V; =· Tii l{i . will satisfy·. the equation 
·.O;( J:gVi) == 0. Integrating this equation .W~. obtain· the conseiva-· 

tion: law. However, the. Killing equations · i~pose~. sev~re constraints 
on the gravitati~nalpotehtials. Thµs, we s€ie tliat in gerier~l case the 

- Killing equations haven~ solutions at aH and there·are ·no conservation. 
laws. ·This result allows us 'to understand why th~re . .is ~o constant · . 
ci inter~ction • of m~tter. fields ,with. th~ gravitational one similar: to 
the el~ctri~-charg'e e and why the Newton gravitational constant G 

. do~s not enter int~ the eq~ations·of matter fields; it is .. impossibl~· to . 
"s\vifch on'' _or "switchofP' .the·gravifational field.· .The latter does 
n~~ admit theexiste~ceof the gravit~tiorial scree1.1: ' ... _; . . . 

. · , ·' •Now'consider infinitjsimal·gauge· tr~n~formatio11s L}_:==.·8j + Ujdt. 
If the field H,ik does not ·vary under these·.transfo~mations; then the 

· tensor .. field Uj satisfies .fae eq~attons .· . -. ·. . . .. 

·· · .- : a)11/+Hijio\.~ .... Hik1l!.~ ='o.: : · ·t11) 

. · From(i2),(13);(1i)it follows ~ha_tthe ~ect~r fieldQ~ ~<,ii~ifjk ($ijk is·· 
·• the tensor of spiri angular ·momentum ( i4)) his to satisfy' theequatfon 
· 8;Q' =::O. Integrating this equation we get the cqn'.servation -law, as.··· 
usual>:Equati~n (17) impose~ seve~~ c:onstraints oh the'field H;jLFo;: ' 
exa~ple, equaticni:(17) is quite-integrable,· if the strength tensorGijk/ .·· 
satisfi_es th·e equatiob: Gijkt ==- 0. So, ·in .. the ccmsidered ,case; genei-'ally . ·-

. ·;peaking; ~here is :no con~ervatio,n law. ,T_h'en~foreif is natura,l _to ... 
conclude that there is no:'special coupliiigconstant (like, the electric 

:diarge) of thefields v,; and Hi;~ 'and 'the~ction:foi--t;he.gauge field . 
H·:,.: h~s the:forin ·· · . ··· · · · · ·· ·. ··, · · · 

. IJ _. , ; , . .. ~~~-- . 

..... 
·. '. ' ' 1i '.. '· .,-. '·.· .· . . . 
3_._::...L:f c,jktGijk/ d4x .. 
. ·: ... 8, J . ... 

. . It. is ;ecessar}' tosubsta~tiate now why _WE! h~~e.not introduced the , .. · 
·, special c~nstant of.interaction Einto the (6)and se,c;ond term of action 

( 11) • a~ one. does ~sually. Consider the infinitesimal transf~rriiaticms\ ., ··
of the diffeomorphisms' group· i/ =. x' + K'( x}d{, mentioned -~bo,ve.If' 
u.n<ler these trai:ts(ormations the gravitational p_otentialsg;Fdo not 

analogous _to the case-of the gravitation~l action 
.·.·' .· . ... ,·./{;3: ";.·· ...... , 

vary, i. e . . the_ vectcfrfield/(; ( x }~atisfies)he Killin'tequations_ [8] · . 

I<iai g;, .. + !Jit,ajKi+9iia1Kj = 1<j;i+K1;j .. ~o,, 

··... , S~ _;__j Ry'=-gd4x., -

JJ' I-· . , . ··. . < : . :P ._·.· ' . 
· ;' .' · · Here f is a dimensionless constant . · 
·. \ -·, ---_ · 4.In conclusion_we· prese11t:soITI_e ~eni'arks ab'out, thep~ysical mean-

ing of,the. field H;ik• It can induce relativi_sticeffects in solids .. For, 

4 · .. 5 -
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· example; th·e: theory of supercciriductivityc~1isiders ~ 'cooperpair as 
, a single particle with the.mass.·m '.::::'. 2m0 ai1d charge q = 2e, where 
· m0 and e are ·the electron mass' and charge .. Here it is assumed thar 

spin ofsu~h parti~les equals zero~- However, the pairing in.a t~iplet 
• • - ' • ~ • • • • • < • • C \ 

state is also possible. [9): · So)if we consider the electron pair as .a 
. · · system·with~.nonfixed·spin, then one can ·expect new quantum. rel~- · 

tivisti2 ~ffects. They can a pp.ear-not ~nly iri>sup~rconduct~rs b~f also 
in fei-ro~agneti'cs and chemical ph~nom~ria. We cannot reject thi~ 
possibility bef~rehand. . - . . ' . · . . '. . . . . . · - . · · 

, . . At the same time, if the ga.ug~ field H;Jk doe~ not exist, w~ have, 
tolo~k for an exclusion principle. ' '• . .. •, . ·. .· . . - . . , .. 

,' 
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