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he problem of a gyrostat motion in

a magnetic field with the Barnett-
London effect describes the motion
of neutral ferromagnet (not initially
magnetized) in a magnetic field, which
is the rotation of the magnetization along
the axis of rotation, which is magnetized
along the rotation axis in the rotation [1].
This effect is called the Barnett effect and
is characterized by the appearance of the
magnetic moment, which depends on the
angular velocity. A similar phenomenon
appears when rotating superconducting
solid at fast rotation in the magnetic field
(the London effect). The mechanism
of magnetization in both cases due to
various reasons, but the motion equations
can be presented in the same form [1-3].

The motion equations of a gyrostat
with variable gyrostatic moment in a
magnetic field with the effect of Barnett-
London have the form [1]

X =xXax+Aoxax — Ao+ ax X

XBv+sxv+vxCv,
vV =VXax. ey
Here we introduce the notation:

x = (x,, X,, X,) — a moment-of-momentum
V), v, V) — an
unit vector indicating the direction of
the magnetic field; A = A(t) — the value
gyrostatic moment A(t)a; o = (a,, o, 0L,)

body-transmitter; v =

— constant unit vector; a = (al_j) — gyration
tensor; s = (s,, S,, §,) — a constant vector;
B= (BI_/_), C= (Ci/_) — constant symmetric
matrix of the third order; point above the
variables denotes differentiation at time.

A case is examined when

5=(5,0,0,a=(1,0,0),a=diag (@, a, a,),
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ON THE THREE INVARIANT RELATIONS OF MOTION’S
EQUATIONS OF THE SYMMETRIC GYROSTAT

IN A MAGNETIC FIELD

B = diag (B, B,, B,), C = diag (C,, C,, C,).
Then from equations (1) will get
expressions

(% +A+Byvy) =0, 2

Xy = (ay — ap)xx3 —
— ayAxz + Byayxavy —
- Biayx vy —s;v3 +
+ (G —Cy)vyva, 3)

X3 = —(a —az)xx; +
+ ayhxy + Biayxy v, —
= Byayxyvy + 51v, +
+(Cy, = C)vyvy, “)
V1 = ay(x3vy = XpV3),
Vo = 41X{V3 — yX3Vy,
V3 = apXpVy — Xy Vy. &)
Equation (2) allows to specify the
first integral of (2)—(5)
x, TA+B,v, =a, (6)
here o, — an arbitrary constant.

Define
equations (2)—(5) as

invariant  relations  of

X, =by +bvy,
X, =Cy+CyVy,

Xy =dy +dsvs. )

Equality on the parameters of

equations (1) and invariant relations (7)
co(aby —a,0,) =0,
dy(ab, —a,0,) =0, (3)

b()al (d3 -G _BI) -
—a,d,0, =5, =0, ©)

The problem of the gyrostat motion in a magnetic field with the effect of Barnett-London is
considered. It is assumed that gyrostatic moment depends on the time. The conditions for the
existence of the motion equations of three invariant relations of a special kind are defined. These
solutions of the motion equations are characterized by the elliptic functions of time.
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b()al (d3 -6t B1) +

+a,c,0 + 5, =0, (10)
ds(ayby + aycy +2a,B,) —
—aib(c, +B)+C—-C, =0, (11)
cy(ab + ayds +2a,B,) —
-ab(d;+B)+C-C, =0, (12)

are the conditions for the existence of

invariant relations (7).
Consideration of  the

a,b,—a, o, # 0 leads to the relations

case

1
2 _
v, = y X
€y —dy
X (BV: — v, +k —d,),
1
2 _
Vg =— Y X
€y —dy

x[(dy —c, = BV’ +a,v, + ¢, — k], (13)

V= a (B —agy, +h —dy)... o>

o [(dy =, = BV + v, +¢, — k] (14)
Function v,(t) is found from integral
K dv,

WO \/(Bzvlz -V, +k _d3)m

-

[(d;—c,- BZ)VIZ +opV, +¢, — k]

0 (15)

which is reduced to elliptic integral in

—t-t

the Legandre form. Thus, v, = v (1) is an
elliptic function of time. According to
the formula

_by(2a,—a,) _ B

A Bra
a, 81(31 a,)v,

29

PHYSICS, MATHEMATICS AND CHEMISTRY




PHYSICS, MATHEMATICS AND CHEMISTRY

GISAP

A1) is also an elliptic function of time.
The other variables of the problem
v, = V1), v, = v(t), x, = x(t) (0 =1.3)
can be determined respectively from
(13), (7). The above functions describe a
new solution of system (1).
To reduce the problem of integrating

the motion equations in case ¢2 + d2 # 0
to quadrature we introduce new variables
0 and ¢ instead v,

v, = cosb,

v, = sinBcoso,

v, = cosOsine. (16)
The equation
Jq sin0d0 _
b\ 4al(c +d?)sin*0 - F2(6)
1
=§(t—t0), a7

is obtained for the finding of function
0 = O(t). On the basis (16) one can
determine a function (t)

o) =@, +
F(0())

a2 +d? sinb(t)

The functions 6(t), ¢(t) in (17),
(18) can use in (7), (16) to obtain the
dependence main variables x,, x,, x,, v,,

(18)

+arcsin

v,, v, from time. Because of the structure
of formula (17), all of the functions are
elliptic functions of time.

Thus, in the paper, we obtained
conditions for the existence of the
equations (1) of three linear invariant
relations of a special form (7). Two
of motion

classes partial solutions

equations, which are expressed in the
form of elliptic functions of time, are
specified.
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You, young man, of course,
want to know what cybernetics is, but
obviously do not want to listen to my lecture.
The general theory of management and
communications you can learn
only if | slap you strong.

Norbert Wiener
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