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Abstract

The problem of studying the maximal Lie symmetry of some nonlinear generalization
of the vector subsystem of the Maxwell equations is completely solved.

Let us consider the following nonlinear system of vector equations:

DE =M\ rot HL ~ DH =X rot E

Dt—%+aEai +,OH£C +uﬂ/aiz 1=1,3

where o, p, w, )\1,)\2 € R/{O} are arbltrary constants; t,z; = (o, z1,2,23) are indepen-
dent variables; E(xq,Z); H(zo,T); V(zo,Z) are arbitrary vector functions, which satisfy
system (1).

System (1) can be interpreted as a nonlinear generalization of the vector subsystem of
the Maxwell equations. This follows from (1) at Ay = —XA2 =1, c=p=w=0.

The problem of investigation of the maximal symmetry of system (1), which has been
suggested in [1], is completely solved in the present paper.

The following statements are proved by means of the Lie method [2].

(1)

Theorem 1 A mazimal invariance group of system (1) for w # 0 is generated by the
operator

o )
X = ¢(a,u) 5 — + 1@ 0) 5 — @
o n

—

HV),u=0,3,n=1,09,

where © = (xg, X1, 2, x3),u = (E,
" = &%),
gh=¢

o(x
€2 g0 2
= &y(xo)za — b3z1 + bixs + Q(xo),
o

0)T1 + b3wa — baws + Q' (o),

= £9(w0)x3 + baxy — biwa + Q3 (x0),
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n' = cuy + byug — baus + cruy + dy,

n° = cug — bguy + bius + cius + do,

1n° = cuz + bauy — bius + c1ug + ds,

A
1" = cug + bgus — boug + )\f261U1 + dy,
1

A
775 = cus — bgug + biug + YQCllLQ + ds,
1
6 A2
n° = cug + baug — brus + /\*Clu;; + dg,
1

1 A
n" = baug — baug — " Koc + p>\201> ui + (oc1 + pc)w;] +
1

&0o(zo) 1 + Qf(20) — (od1 + pdy)

’
w

1 A
778 = —bsur + biug — " [(ac + p)\zq) ug + (oc1 + pc)ug,} +
1

&00(x0) 2 + Qf(20) — (0da + pds)
w K

1 A
779 = bouy — bjug — ” |:<O'C + p)\201> us + (oc1 + pc)u6] +
1

&0o(z0) 3 + Qf (z0) — (od3 + pds)
w b

here ¢, cq, by, ba, by, d1,do, ds, dy, ds, dg are real parameters, 50(330), Ql(azo), QQ(JUQ), Q?’(zo)

are arbitrary twice differentiable functions of xg.

A2

2
Theorem 2 For w = 0, under the condition s g system (1) admits a group of
1

p?’

transformations with the infinitesimal operator (2) which has the following coordinates:

&0 = cxp + co,
§1 = cx1 + bgxe — boxs + c1xo + ay,
{2 = cxo — b3x1 + bi1xs + coxg + a9,

& = cag + bory — biza + c3w0 + as,

(3)
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Ao
1
9 A9
1
3 Ao
n = Zyug + byuy — byug + yug + ds,
A1
) . 1 (4)
nt = =y Syug + byus — baug + quy + ~(c1 — ody),
M\ A1 p
A A 1
n’ = )\—I'yU5—bSU4+51U6+ " T Yu2 t p( c2 — ody),
Ao

/ Ao 1
776 = " —ug + boug — brus + )\*’YU:; + p(C3 — O'dg)

here ¢, cg, €1, C2, C3, a1, a2,a3,b1,ba,b3,dy1,ds, d3,y are real parameters.
)\ 2
Under the condition ~—~ # — (for v = 0), the symmetry operator of system (1) is
A1 p
given by equations (2)-(4).

Note 1. The maximal invariance group of system (1) for w = 0 is finite-parametric.

Note 2. For p = 1 algebras (2)—(4) contain the Lie algebra of the Galilei group AG(1, 3)
as a subalgebra with the following basis elements

9 9
R=2, p=2,
0 81‘0’ &Ta
9 9 9 9 9 9
= - Fort — Hy—o — 1,2
T =t o, T Peom, ~ Pom, T Heom, Mo,
o 0
Ca =", © o,

Hence, the Galilei relativity principle is valid for system (1).
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