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1. Quantization of the linearized gravity gives an evidence about the importance of
physically motivated assumptions for the small metric - tensor components to be neglected,
which concerns with the existence of gravitational waves in the conventional understanding
of this problem.

Gravitational wave in gravity theory are considered as quantum excitations of weak
classical fields. In this context, the construction of a gravity quantization scheme which
is adequate to the problem of elementary excitations is important. From such a point
of view the relativistic operator quantization method(*) with an explicit solution of the
constraint equation [1, 2] is distinguished among the large variety of gravitational field
quantization approaches [3, 4].

2. Consider the action for Einstein gravity theory

S = [ v—gd'z. (1)

Where R is scalar curvature g = dety/—g g""(r); g*¥(x) is the inverse of the tensor
guv(7). In a weak field approximation
Guse = Tup + Baw, o <L L (2)

The variables h,,, (r) discribe the linearzed gravitational field, and pv is the Minkovski
metric tensor with diagonal (1, —1, —1,—1). The Lagrangian then takes the form (up to
O(h3) - terms)

. 1 N
Lz = E(hp.,u h’Ul/ g huu h’p.t/) + hyuu(‘)nuaohpa = h'“y.auao‘hua
L™ (hoo) = hoo(OkOihxi — Ophy;), (3)

L™ (hg) = —200hoi (Oxhai — 8ihj;) —Okhoi (8:hok — Oxhoy).

This action contains constraints which introduce a transverse structure
SL2)

=0= Al =0, Al = 0,hpi — Orhy; (4)
(5’7,00 ; '
with the corresponding Pqu?;t.)ion of motion
8L , p
e 0= doAl = 0;(0;hox — Ohoi). (5)

(*) For brevity this method can be called "minimal”, because it is concerned with the quantization only

of minimal number of physical degrees of freedom remaining after the explicit solution of a constraint on the

classical level {1],[2]
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On the solution of the constraints (4) (5), Lagrangian (3) reads

. 1
L(2) — éaf‘h,m/\(ik | )3, b, (6)
A(’A‘ ‘ 17”’) s (S,k(s”” + (S,](Sk,” m— 0_:;?16[.-7” . al\zﬂ' 611’

where the projection operator A(ik|lm) can be considered as defining the distance in the
space of dvnamical field h,, orbits with respect to infinitesimal gauge transformations
h,“- b h,k ~+ ()'AA -+ Gkh:- (7)

From Lagrangian (6). canonical momenta is obtained

prs = A(rs|lm)Oohim(T) (8)
which obey the following commutation relations
[h./,,,(.r)‘ Diss (’y)] = A(lm|rs)(x)b(x — y). (9)
The energyv - momentum tensor is obtained to be svinmetric amd gauge invariant
]l‘[‘l) == (')“h,,\.A(_il.‘i/m)t)i,h/,,, - ;—r]w,@”h,-kA(’ik[lﬂi)@ohh,,. (10)

[t does not represent a full derivative and gives rise to a set of Poincaré - group
generators in which boost generators induce and additional gauge transformation of the

dvnamical tields

N : . . , 1 1 .
i| Mo, /r,.q(.r)J = (wod; — x;00) A(rs|im)hin, () + (Or = pis + Om —pPri).- (11)
A A
This additional gauge transformation leads to a time - axis rotation that ensure the
relativistic covariance of this manifestly non-covariant quantization procedure.
The bacie in this apace can be defined as
A 8 — < _.a
A(“"“”’) = “akSlm oy
a 7. b gab
ex Alik|lm)e;,, = 8% (12)

e =0, ab=12

where P, is the three - dimensional projection (()})gramr
Uk

Py = (b = A 4 (13)

3 [ :
Prk = C?(’.?, C?PMC}I{; == é(‘!ﬁ’ (de =1, 2v

Thus. the relevant polarizations are found to be
el =elel —elel, and €2 = elef, (14)
and for the independent physical variables
h® = Eka(ika)hlml (15)

the free two - compouent scalar field Lagralngian is obtained
L) = 58"!7,"6“17,“; (16)
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hence, plane waves are present in the excitation spectrum of the linearized gravity theory.

Therefore. minimal quantization of weak gravitational fields reproduces the radia-
tional - gauge results together with corresponding additional conditions which are in fact
generated by the equations of motion for the nondyvnamical fields hgg and hy,.

For the original theory (1) without anyv additional assuinptions about the fields
minimal quantization consists of excluding nonphysical degrees of freedom through the
exact solutions of their equations of motion (constraints). However. the coincidence of the
linearized expansion of the action obtained with the one considered above (in the naive
linearization scheme) is by no means obvious. the reason being the distinguished role of
the Newton component ggg. Thus, assuming that condition (2) concerns only dvnamical
fields h,., we are forced to consider also components h, as small variables because of the
constraints, but no restriction is imposed on the Newton component hgg. In the minimal
quantization method, a component hgy is considered as a classical one and assumption
hoo << 1 [5] is by means motivated because we don't know the strength of the Newton
potential the gravitational wave is interacting with.

With the help of the relativistic operator quantization method the theorv of lin-
earized gravitational field is formulated in a manifest relativistic - covariant form provid-
ing its straightforward quantization with same transformation properties of the quantized
fields with respect to the Lorentz - group action as classical theory. The Lagrangian (16)
obtained describes an unconstrained hamiltonian system.
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AP DUNG PHUUNG PHAP LUONG TU HOA TOAN TU TUONG DOI
TINU CHO TRUONG HAP DAN TUYEN TINH

Nguyén Xuan Han
Khoa Vat ly - Dai hoc KH Tunhien - DPHQG HaNoi

Ap dung phwong phéap luong tu hoéa toan tir twong doi tinh cho trieomg hap dan
tuven tinh ¢ gan ding trirong véu. Bang viece giai chinh xac phrong trinh lien két dé cho
thanh phan Newton qua cac thanh phan vat 1v khac ching ta da thu diroe Lagrangian
(16) mo ta he gom nhirng thanh phan vat Iy doc lap vdi nhan.



