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Abstract. Using the formalism of spinprojectors, we propose a general theory of mass-

less half-odd-integer helicity gauge fields corresponding to the Pauli-Fierz program.
The general realizations of helicities 3/2, 5/2 and 7/2 for symmetrical tensor-bispinor
fields are considered.
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1. INTRODUCTION

In modern field theory, consistent interaction of massless higher-
helicity fields with themselves and with lower-spin fields has become one

of the principal issues. Important results as regards the description of

higher-spin interactions were presented in ['~®]. The cubic interaction for

any massless higher-helicity field, constructed in [®] includes gravita-
tional and Yang-Mills interactions. In consistent theory, an infinite sys-
tem of massless higher-helicity fields appears to be necessary.

The massless Lagrangians for arbitrary helicity were given by Fronsdal

[6], апа Fang and Fronsdal [7] using the symmetric tensors and tensor-

bispinors. The vierbein description of massless %auge fields was pro-
posed by Aragone and Deser [®] and Vasiliev [°]. The higher-helicity
theories suggested in these papers require restrictions on fields and

gauge parameters which do not follow from the action principle. In this

paper, we generally formulate a theory of half-odd-integer helicity gauge
fields which is in accordance with the Pauli-Fierz program [!°]. The

integer-helicity case was discussed in our previous paper [!'].

2. HELICITY A=n-+l/2 LAGRANGIAN WAVE EQUATIONS

The helicity A=n-+4l/2 (n=2) is described by three Lorentz fields

Py, P 2 and s, which correspond to the representations 1= (1/2(n+l),
1/2n)® (1/2n, 1/2(n+1)), 2=(l/2n, 1/2(n—1))S(1/2(n—1), 1/2n)
and 3=(1/2(n—l), 1/2(n—2))D(l/2(n—2), 1/2(n—1)). The gauge
parameter e 4 corresponds to the representation 4= (1/2n, 1/2(n—l))®
@D(I/2(n—l), 1/2n). ¢, and &4 correspond to the same representation,
but are usually extracted from different Lorentz fields.
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The general gauge-invariant wave equation is

{ Вч @аВ 0 \ ("Pi \VD bfizi сВ22 d|323 P 2 1=O,
` 0 ев» [Pss }`Y3 ,

where

n+l/2 n—l/2

Bu= 2 au(s)fs,, Pn= 2) ax=(s)ps,,
§=l/2 s=l/2

n—3/2 ВЕ
Ваз== 2) азз(s) В, >

-

s=l/2

n—l/2 n—l/2

Bre= 2 an(s)p,, Pu= 2 an(s)B;,
s=l/2 s={/2

n—3/2 n—3/2

Bas= 2 a23(5)P5,, Br= 2 oоз(s)В%,›
s==l/2 s==l/2

and

1/2all(s)—:%' (lzz(S)=—Sir:/—2—, a33(s)=£nil/T2—,

012(5)=(№№)1/2
@эз(5) == (Ші'і@_)і__п_і—_і_щ_‘)из.

Bf]. are the spin-projection operators defined in the same way asin ['2].

Eq. (2.1) is gauge-invariant if det Bs=o (s=l/2,..., n—l/2) ["],
where Bs are the reduced spin-matrices formed from parameters
a,...,f and a;j(s). The conditions det Bs==o are satisfies if we impose
the following conditions on the parameters a,...,f:

e

¥
_

(2п--1)(п—1)?— 4п%
=0 -

miv
The gauge transformation of Eq. (2.1) is

В1&
n

dw=ayO| a(n+l) Ва
,

e(n—l)
i

where a is a nonzero coefficient and

n—l/2 n—l/2

Bu= 2 an(s)B],, Bu= I ax(s)p;,,
s=l/2 s==l/2

n—3/2

Bu= 2 a2(s)Ps,.
s=l/2

(2.4)

(2.5)

(2.6)

(2.1)

(2.2)

(2.3)



27

The source constraint Q2/=0 is given by the operator

n а(п—1)
Q=)o (Bu— mfiu—m—‘ [343) ,

where

n—l/2 n—l/2

Bu= 2 an(s)ps, Bue= 2 an(s)ps,,
s=l/2 s=l/2

n—3/2

Bis= 2 a2s(s)B;,.
s=l/2

In the present approach, we first derive the wave equation and then
find the corresponding Lagrangian. To obtain the Lagrangian field

theory, we have to find the invariant bilinear form consistent with the

given equation. In case of (2.1), the corresponding bilinear form is

~~~ d -

о—Нфа ффа

which gives the Lagrangian
-

— „— „ —
2..

.—

L=pißlll+a (41Bizp2+W2B211) +__(_n__‘_7l_l_)_fl___T
T

(2n+l)n*(n—l)e
( P2faspstpsPaipa-t-

-+'—еі"Ч_>зБззФз) .

Here BijEVDfiij-
The Lagrangian (2.10) is invariant with respect to the following

transformation of parameters:

a—a, b—>xb, c>xc, d—>xd, e—ke, [— М,

where х апй A are nonzero coefficients. The transformation (2.11) pre-
serves the gauge transformation, but leads to different source constraints
and bilinear forms. This transformation is equivalent to the following
redefinition of Eq. (2.1). If Eq. (2.1) is denoted by Q=o, then the trans-

formation (2.11) leads to a new equation

Q-+ (v —1) M2Q+(A—1) ПззО==o,

where Ily; and Ils3 are projectors which extract the representations 2
and 3.

The other transformation of parameters is

Б—>Ь, а—> ха, с-» хс, е — хе, а-> №, {—> М,

where x and A are nonzero coefficients. This transformation extracts a

subset of equations corresponding to the same source constraint. The
transformation (2.13) is equivalent to the following field redefinition:

\ — ф--(х —1) oo+ (A —1) Пззф.
The redefinition of field variables was used т {!* 5] to obtain the

Lagrangian corresponding to a given wave equation.

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)
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The general structure of higher-helicity wave equations given here
is a natural generalization of the helicity A==s/2 case discussed т

[2]. It is possible to verify that all higher-helicity wave equations should
have the proposed structure. '

3. THE SYMMETRICAL REALIZATION OF A GAUGE FIELD

The half-odd-integer helicity A=n-+l/2 is usually described by the

symmetrical tensor-bispinor а.. The field corresponds to the re-

presentations 1=(1/2(n-+1), 1/2n) ® (1/2n, 1/2(n4+l)), 2=(l/2n,
1/2(n—1)) & (1/2(n—l), 1/2n), 3= (1/2(n—l), 1/2(n—2))®
®(1/2(n—2), 1/2(n—1)), ...,

(1/2, 0) ® (0, 1/2). In the gauge-in-
variant equation (2.1), only the three first representations 1, 2 and 3

are used. The components of "~ that correspond to the lower

representations (1/2(n—2), 1/2(n—3))® (1/2(n—3), 1/2(n—2)),
+, (1/2, 0)®(0, 1/2) are free. Therefore, (2.1) has for gqg!*» the form

b[šu ЦЁШ dg 8 Wi
24 CP22 23 Ya

1—V o
0 EBgz f[333 0 'll)š 0

0 0 0 0 VWa

where the field фа corresponds to all lower representations. Since the
lower representations are free, Eq. (3.1) admits an extra gauge in-

уагlапсе бу==фа.
The field -, иsцаПу Баз ап additional restriction ‘уруббайиния==()

(n=3). If the wave equation is of the form (3.1), no additional restric-
tions are required. Imposing additional restrictions means that the

equation for pM does not have the required structure (3.1) and
contains operators Вза апй Bs. which connect lower representations. In

that case, the wave equation has the following structure:

ЬЁН аЁіг dg 8 Pt
21 CP22 23 Y2 |V O

0 ePa2 f[333 £ B3a ll;; 0.
0 0 0 — ^ра Wa

Eq. (3.2) is gauge invariant with respect to the gauge transformation

(2.5); however, it has no consistent bilinear form or Lagrangian. To

obtain the consistent bilinear form the term gfBs.p. has to be excluded.
The extra gauge invariance &p=l, requires the elimination of AB..}a.
Therefore, the equation with additional restrictions imposed does not have
the correct structure and should be modified.

The gauge parameter eq* M- includes besides the needed represent-
ation 4 аlBO lower representations (1/2(n—l), 1/2(n—2))®
D(1/2(n—2), 1/2(n—1)), ..., (1/2, 0)@(0, 1/2). If the gauge
transformation is presented in the correct form (2.5), no additional
restrictions are required. The additional constraint ypef*:-Hai=o means

that the gauge transformation does not have the correct form (2.5).

4. THE VIERBEIN REALIZATION OF A GAUGE FIELD

"

In the vierbein case [®9], the tensor-bispinor field pMYrW is used.

The vierbein field is symmetrical in indices wv»...v, and satisfies

vophYWr-Ww=o. The gauge transformation is OYHVe-Va=oWe's"a, where

the gauge parameter satisfies y;š-*';š-—-—v-n=o.

(3.1)

(3.2)
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In the higher-helicity case (n>2), the vierbein realization is more

economical since the vierbein field corresponds to the representation
1,2,3 and 5= (1/2(n+l), 1/2(n—2))D(l/2(n—2), 1/2(n+1)). Now,
we proceed to show that the vierbein realization is equivalent to the

symmetrical one. The general equation for the vierbein field is the fol-

lowing:

The gauge parameter g% corresponds to the representation 4 and the

general gauge transformation is

1P

b=V| %2PBzesÖll) У
(1363481,
а«Вые,

where aj,...,04 are to be determined by demanding the gauge in-
variance of Eq. (4.1). The gauge transformation is related with the

spins 1/2,...,п — 1/2. In the spin s=n — 1/2 case, we obtain the fol-
lowing algebraic equation (['3]:

n

Т’ЪЁ a 0 0 4

b c 0 g аэ |==o.

0 00 0 0

0 h 0 0 @,

(4.3)

Since a and b must be nonzero, it follows from (4.3) that h=o. By
demanding the existence of the consistent bilinear form we obtain

g=o. If g=h=o, Eq. (4.1) has the form (3.1), where {,=ls. There-
fore, the vierbein formulation of helicity A=n+l/2 is equivalent to the

symmetrical one.

Next, we proceed to discuss the equations for helicities 3/2, 5/2 and

7/2 in the symmetrical realization and to illustrate the general consider-
ations presented in previous sections.

5. HELICITY 3/2

Our general formalism is also applicäble т е A=3/2 case, it we

set e=d=f=o and c=2ab in (2.1). The massless A=3/2 was pre-
viously treated in the formalism of spinprojectors in ['6]. Here. we

display only general results.

The general massless A=3/2 wave equation has the form

Õpyrpr+ ( —]/Eš— — —;— ) д’умур`-- (—y—'š — -—2- ) VRO

+ ( —ž—-i—a?b — —Ё—;%Ь— ) YHlpy°yvp¥=o.

(4.1)

(4.2)

(5.1)
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This equation is invariant under the gauge transformaton

1 ( ]/š )W= !e — — L2 ) vrd eбун == О“е
i

14
а

у*доу?в

and gives the source constraint

дд]!‚і._._;:_( l+;/—bõ' ) dp'YpYuJM=O.

The invariant bilinear form is

-—1 а\ -

PP= —P" —

4 ( | —

b )WM\’”YV\P".
Eq. (5.1) follows from the Lagrangian

L=—y
!

+ —Pudpyhpr+|—— ®) ( $

p (
2 Y 3 ) (Puo" YWY +-puy*ovpY)

| :
+: ——l д° —

—Е—- _Ё. b

9
(

]/š 4
) “PuY“aprYflP”

by varying it with respect to the conjugated wave function уи==— фи—
— (1/4) (1 —a/b)pvyyu

:

The transformation of parameters (2.11) а— а, 6 ->хб, c¢—>xc 15

equivalent to the following redefinition of Eq. (5.1):

— ]

Qu+i‘4—— Vi Q¥=O,

where (5.1) is denoted by Q"==o. The other transformation of par-
ameter (2.13) b—>b, a—>xa, c—xc is equivalent to the redefinition
of field variables

— ]

pp+2— va

In ['7] the following A=3/2 equation was proposed:

OpyPrp" — My p¥=o. (5.8)

We see that, as compared with (5.1), (5.8) corresponds to the choice of

parameters a=—}’§/2, b=73/2. Eq. (5.8) corresponds to a subset of

equations with the simplest gauge transformation

Spr=dre.

The equation with the symmetrical choice of parameters a=b=~—y§/2
used in supergravity corresponds to the simplest bilinear form Ypt=

=—up* and can be obtained from (5.8) via the transformation (5.6),
where x=—l.

We have discussed the procedure of redefinition for the field equation,
since it is required in the higher-helicity case when we do not have

spinprojectors at our disposal. Then one must start from the equation
of type (5.8) and modify it in order to have the correct equation of
motion and Lagrangian.

(5.6)

(5.7)

(5.9)

(5.2)

(5.3)

(5.4)

(5.5)
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6. HELICITY 5/2

In ['2], the helicity 5/2 case was discussed т the same formalism.
Here, we present the general results and comment on them.

The general massless A=os/2 wave equation for the symmetrical ten-

sor-bispinor corresponding to (2.1) has the form

1 \ 2 b 1 \2

доубуи*-|- ( ——— )Z Oy, + ( ——— ) 2Yo+
Yo+ 3 o=y

2. ab b\ 2

+ ( .*3дд |
9 4 6у5

1 b b dN+(—-A PL)os+
| 18 8 6})5 6

l b b
+ (I—.B —н —) одд

9 4 375 3

1 / 3ab e+d
VLa —

+(Т+°’s_‘+[1 )печдауцео ,

where 3 indicates the sum of n terms which is symmetrical in free

indices.

The general gauge transformation is

6¢“V=§o“BV——l—(l—£)22'o”YVY ее—6 За
P

l ( ЦБ) 2 Y 5 (e )— —
——— u PVL. ——| a— — v 0 0 —

6
1+

3a
ЕУ др'\ € +

12a Зі,
1 т]д дру Yo€

1 ( Y 5 Vse ) ‚

3
\!—

73а Розар / I*дое?

and the general source constraint is

1 Y 5 1 275
0 pu___( ____) рп___‹ —————)ÕGU РИol

5
\! — ‘ар

y*ÕpYol
5

-— V yps*+

Y 5 ( d ) | 1( V 5 = ¥5d |—(——l) yy —1 I——4+—B диЛер==o.Тр \зр e —F !
—3 зщ)д]р" 0

The invariant bilinear form

-‘ , V..—-.— »ILV
l a &

PP =P! “‘—3—( 1——1)—) Proy?yopt—

1 ( a Заа \-

— 2 —— v

12
+

b be
)PP

(6.1)

(6.2)

(6.3)
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yields the Lagrangian
— a ] — —

L =wuvÕpy'p"*+2 ( —— —) (ФводРусу°"--Рируддауов) --

_

j 5 —3
až 2a 4 \ —

+ ( ————-— ) PupY?OvyYopoH-4
2 35 9

l 2a а2 27а?] — —

+ (л—+_""'L ) (Puvd"y'pPp+Y*pduyvp"") +
9 375 4 — 208

e P L)Gaa+(
16 ——40 e 80e2 AA

The transformation of parameters (2.11) is equivalent to the following
redefinition of Eq. (6.1):

1 2

Qo (r— 1) 3 yhypQ@b (Bh—x—2)n"Qp=o,

where (7.1) has been denoted by Qw==o. The transformation (2.13)
is equivalent to the redefinition of the field »v

l 2 1
PP (e—1)3y(ЗА —к — Э)н

The gauge transformation (6.2) is related with the representation
(1, 1/2)@(1/2, 1) ех!гас!ей from e*, therefore, the additional constraint

voe?=o is not required. Indeed, if we introduce

ВЙ== ЕН —

i
4 YHype?

which corresponds to (1,1/2)®(1/2,1), the gauge transformation (6.2)
is expressed as

2 ° — /5 2
—

o= 3iy — (2E41) woe

1 ( Y5 .. yse )ва ^

TR STRL eAR / e

The simplest gauge transformation

20
—

2 ] 2

õp= D gre¥= 3e—

T У д“у“уре?

corresponds to a=—2 }’Ё/З‚ e=3f. The equation with the simplest gauge

transformation and source constraint corresponds to a=b=—27s/3,
e=d=—3

2 2 2

OpvPps —3 Iy— ®v+3 voo+

| ]

53MRy—

—дга 0

and yields the Lagrangian, which was previously obtained in [7]

(66)

(6.7)

(6.8)

(6.9)

(6.10)

(6.11)

(6.5)
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The equation given in [!7]

APy—37 Oypoo =0

corresponds to a=—2Ys/3, b=7s/3, e=d=3/2. This equation 15

invariant with respect to the gauge transformation (6.10), which is

usually written in the form &ypwv=3jo*e¥, y,e?=o. Eq. (6.11) that

corresponds to the symmetrical choice of parameters is obtained from

(6.12) via the transformation (6.6), where x=A=—2

] 2

w—— (Z vwo*+n"o9 ) =O.

The derivation and analysis of some special A=s/2 wave equations
for symmetrical field y* was presented in [' 18 19] Н gravity 1$

coupled to spin-5/2, the theory becomes inconsistent [!9-2!]. Besides the

symmetrical formulation of №==s/2 the vierbein formulation is used

[® 9], but the vierbein formulation results in similar consistency problems
as the symmetrical case. As demonstrated in Sec. 4, the two formulations
are equivalent.

7. HELICITY 7/2

In this section, we apply the results obtained for A=3/2 апа 5/2, 10
the helicity 7/2 case. We do not have the general expressions for spin-
projectors, therefore, we discuss only one specific case. Since the known

realizations for the symmetrical tensor-bispinor field " do not

satisfy the conditions outlined in Sec. 2, the corresponding equations
and Lagrangians should be modified.

We consider the equation given by De Wit and Freedman ['7]

Õu.u,u,: 0р'\жрфд‚дддд — ž Очурурскьи,== ()

This equation is gauge invariant with respect to the transformation

dwu,um,:Z du,guzu, if ngpu,=o.
First, we find the correct gauge transformation corresponding to the

representation (3/2,1)® (1, 3/2). И we denote the corresponding gauge

parameter by e*v, the simplest gauge transformation is

3
—

3

Õpi—D Miplili= D Ogbi —

1 8 1 3
— D7 OMytay ePly —

T ®) д“л)!че?).

It is easy to verify that Eq. (7.1) is invariant with respect to the gauge
transformation (7.2).

Eq. (7.1) is not the correct equation of motion since the additional

restriction yoy??;==0 is required. The field" corresponds to the re-

ргезеп!аНопs 1 = (2, 3/2) ® (3/2, 2), 2== (3/2, 1) ® (1, 3/2), 3==

=(1, 1/2)®(1/2, 1) and s=(l/2, 0)& (0, 1/2). The bispinor represent-
ation 5 does not enter into (2.1), therefore, the equation must also be

gauge invariant with respect to Bp==ls The general structure of Eq.
(7.1) corresponds to (3.2). If the superfluous terms are eliminated, we

instead of (7.1) obtain the correct equation of motion

(6.12)

(6.13)

(7.1)

(7.2)
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Они:м:== д > +

l :

pypwu,uzu, —; д

6
n”'"zd 3 ——

щурфрщ

—
" Урфрба 214

s

N

'rlp'iu'z Ky2 o7 3 otyROy yp e =0

As we have seen in previous sections, this particular equation corre-

sponds to the nonsymmetrical choice of parameters. The symmetrical
choice (a=b, d=e) gives the bilinear form Да…„„„‚фщщщ=Ъ…„„„‚фи.щш
and the Lagrangian can be obtained from the equation cor_r_esponding
to the symmetrical choice of parameters by multiplying it to {uuu. The
symmetrical equation is obtained from (7.3) via the redefinition of field

equation

Qu,u,u,.._}_ .

>2IwaO—
3

5
‚Х уе

”

e+

+721i ’Yu’YDQ‘)GG:O

and results in

3 3
e

OpyPPtitats — 3T Oy pOHatts — ® ундруени:-|-
31 8 3

3 Vooo 3 Oyt3Oy—

1© { х

Tgo од et sß+ G 0.

The source constraint of (7.5) is also symmetrical with respect to the

gauge transformation (7.2)

OpJPMaMs —

‚l_ ¢

6
®) у'друсГРОИ: —

"1"
6

nu,u,apflmc:0

The A=l7/2 Lagrangian obtained from (7.5) is the following:

L=s
08

OpyPPHitzts — 3 (-I—[)
e

ддурфрщд‚_*_{р_ищ… 'Y“ÕpilJp"Z“a) +

+3\—р—
K,Ry

Y“Oxy“ypxppl‘z".-l-B (Euwséuvau,pp_i_@ppu,ÕquTP“v"”) —

_._з_—р д ъ‹:фр‚‚о _{_З_‚Ър од * ф…,2Y Ol
xY о

8
poY OxY YuP*'v .

As compared with the Lagrangian of Fang and Fronsdal [7], we see

that the last term present in (7.7) has to be added.

In this section, we have realized the Pauli-Fierz program by de-

manding that all field equations and additional conditons should follow

from the action principle. Other higher-helicity wave equations and

Lagrangians should be modified in the same way as in the A=7/2 case.

The full expressions for gauge transformations and Lagrangians must

be used when discussing the nontrivial interactions of higher-spin fields.

We conclude this section with some remarks.

1. De Wit and Freedman developed the hierarchy of generalized Chris-

toffel symbols to derive higher-helicity wave equations [']. Га the

higher-helicity case (A=>=7/2), this method needs some improvement

(7.3)

(7.4)

(7.5)

(7.6)

(7.7)
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because the equations of motion so obtained need to be modified. The
redefinition of the field equation

1
Qu‘...un —

]

.—2 2’ YHOpQP iy—

__2__ 2‚’ пц‚щ@ррц‚...ц„__о

also needs some improvement. It works in the A=3/2 and 5/2 cases, but
in the A==7/2 case takes the form (7.4).
2. In the A>7/2 case the vierbein realization is more economical, since

the vierbein field includes besides the representations 1, 2 and 3 only
one additional representation 5. However, it should be noted that the
vierbein field itself is defined using additional restrictions on field com-

ponents and, for this reason, the practical realization of the wierbein
field is quite troublesome. The symmetrical field offers a new interesting
possibility — to describe two or more independent helicities using the
same representation. For example, the symmetrical field ottt allows
to describe the helicities 9/2 and 3/2.

8. CONCLUSIONS

In this paper, we gave the general form of arbitrary helicity fermion

gauge-invariant wave equations. It was demonstrated that the higher-
helicity (A=7/2) massless wave equations and Lagrangians should be
modified in order to maintain the required structure.

We used the formalism of spin-projection operators in the form

presented in ['*22 23], It appears that this formalism allows to clarify
the general form of gauge invariant wave equations and shows which

representations must be used for field variables and gauge parameters.
Although the direct calculation of spin-projectors is complicated in the

general case, without knowing them, it is not easy to find the correct

expressions for the bilinear forms and Lagrangians.
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POOLARVULISE SPIRAALSUSEGA MASSITUD KALIBRATSIOONI-
VÄLJAD

Rein-Karl LOIDE, Ilmar OTS, Rein SAAR

Kasutades spinniprojektorite formalismi on antud Pauli-Fierzi pro-
grammile vastav poolarvulise spiraalsusega massitute kalibratsioonival-

jade iildine teooria, On vaadatud spiraalsuste 3/2, 5/2 ja 7/2 iildist rea-

lisatsiooni siimmeetriliste tensorbispiinor-viljadega.

БЕЗМАССОВЫЕ КАЛИБРОВОЧНЫЕ ПОЛЯ ПОЛУЦЕЛОЙ
СПИРАЛЬНОСТИ

Рейн-Карл ЛОЙДЕ, Ильмар ОТС, Рейн СААР

C использованием формализма спинпроекторов дана общая теория
безмассовых калибровочных полей полуцелой спиральности, соответст-

вующая программе Паули—Фирца. Рассмотрена общая реализация спи-

ральностей 3/2, 5/2 и 7/2 для симметричных тензорбиспинорных полей.


	b10720984-1994-1 no. 1 01.01.1994
	Chapter
	FÜÜSIKA MATEMAATIKA
	PHYSICS MATHEMATICS
	ФИЗИКА МАТЕМАТИКА

	NECESSARY CONDITIONS FOR EXTREMAL SOLUTIONS OF A TWO-DIMENSIONAL DIRICHLET PROBLEM
	TARVILIKUD TINGIMUSED KAHEDIMENSIOONILISE DIRICHLET' ÜLESANDE EKSTREMAALSETE LAHENDITE JAOKS
	НЕОБХОДИМЫЕ УСЛОВИЯ ДЛЯ ЭКСТРЕМАЛЬНЫХ РЕШЕНИЙ ДВУХМЕРНОЙ ЗАДАЧИ ДИРИХЛЕ

	MODEL MATCHING OF NONLINEAR DISCRETE TIME SYSTEMS IN THE PRESENCE OF DISTURBANCES*
	DISKREETSETE MITTELINEAARSETE SÜSTEEMIDE SOBITAMINE HÄIRINGUTE OLEMASOLUL
	СОГЛАСОВАНИЕ НЕЛИНЕЙНЫХ СИСТЕМ ДИСКРЕТНОГО ВРЕМЕНИ ПРИ ВОЗМУЩЕНИЯХ

	MASSLESS HALF-ODD-INTEGER HELICITY GAUGE FIELDS
	POOLARVULISE SPIRAALSUSEGA MASSITUD KALIBRATSIOONIVÄLJAD
	БЕЗМАССОВЫЕ КАЛИБРОВОЧНЫЕ ПОЛЯ ПОЛУЦЕЛОЙ СПИРАЛЬНОСТИ

	A FEW COMMENTS ON ve-vt OSCILLATION PARAMETERS
	MÕNED MÄRKUSED ve-vt OSTSILLATSIOONI PARAMEETRITE KOHTA
	НЕКОТОРЫЕ ЗАМЕЧАНИЯ NO NAPAMETPAM ve<->vt ОСЦИЛЛЯЦИИ


	POLARITON EFFECTS IN THE ONE-PHONON RESONANT SCATTERING OF MOSSBAUER RADIATION
	Fig. 1. Scattering angre as а function of frequency change, Z=oa!%w:/w, X= =A/a2w,, ©, — o;=2a!'/2wy; 1 — non-resonant case, 2 — resonant case. The frequency wo is defined by formula (9).
	Fig. 2. Direction of propagation of the active acoustic wave as a function of frequency change, o=+k;, Q, Х==А/а!”’?оо, @, —о; == 2а!/?о)).
	POLARITONEFEKTID MOSSBAUERI KIIRGUSE ÜHEFONOONSEL RESONANTSHAJUMISEL
	ПОЛЯРИТОННЫЕ ЭФФЕКТЫ В ОДНОФОНОННОМ РЕЗОНАНСНОМ РАССЕЯНИИ МЁССБАУЕРОВСКОГО ИЗЛУЧЕНИЯ
	SISUKORD
	CONTENTS
	СОДЕРЖАНИЕ
	Untitled




	Illustrations
	Fig. 1. Scattering angre as а function of frequency change, Z=oa!%w:/w, X= =A/a2w,, ©, — o;=2a!'/2wy; 1 — non-resonant case, 2 — resonant case. The frequency wo is defined by formula (9).
	Fig. 2. Direction of propagation of the active acoustic wave as a function of frequency change, o=+k;, Q, Х==А/а!”’?оо, @, —о; == 2а!/?о)).

	Tables
	Untitled




