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1. If a given body 1c :ub’lect to the gravitational force and carries

rotating masses {(flywheel or a liquid circulating within multiply-connected
cavitles} then iis motion is described by Equations [1]

4 %‘?— = (B —C) gr + Aor — Agq + €373 — €51 (1.1)
4IL== . ( 123 1.2
=T ar | ABC ) (1.2)

Here e,, e,, e, 15 the unit vector passing from the fixed point through
the center of gravity of the system; vy,, vp, va 15 the vector in the direc-
tion of the gravitatiovnal force, the magnitude of which 1s equal to the pro-
duct of the welght of the body and the distance connecting the center of
gravity with the fixed point; \;, Ay, A; are constants characterizing the
ciclic motions; the remaining notation 1is as usual [1].

The integrals of Equations (1.1) and (1.2) are

Ap® + Bg® + Cr* — 2 (ey1y + ea¥a + esYy) = 28 (1.3)
Mpt+rn+ Be+A)u+Crtrdra==F (1.4)
LAl ol e (1.5)

The ma.s dlistribution within the body and internal clelic motions are
characterized by nine parameters 4,R,0,0,%;,xz2,%; and two of tie bnree
quantities e¢;, €., ¢s, connected by the relationshlp

el e e -1 {1.6)

The general solution containing 15 lndependent parameters (here are in-
cluded the six parameters characterizing the initial conditions) is unknown,
and therefore the generality of each particular solution will be determined
by the number of independent parameters retained in 1it. Zhukovskil [1] gave
a solution of Equations {1.1) by constraining the system parameters by three
condlitidns, namely, he assumed the center of gravity coincldent with the
pulnt of support. His solution, consequently, has 12 independent parameters.
Withi the three additional conditions Ay, = A, = %3 = 0 , the Zhukovskil
colution yields the Euler solution contalning 9 parameters.

With the five conditions B = C , kz= Ag- O, e,= e;= O we obtain from
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(..1) and (1.2) the Lagrange sclutlon, containing 10 parametcr.,

Recently Sretenskii showed two more solutions [2] and [3]. The it
Sretenskil solutlon generalizes the Gorilachev-Chaplyydn solution and con-
tains 8 parameters, while the second generalizes the Hesn soluslon and con-
tains 11 parameters. The present study gilvec a uclutlon of the probliom
cosidered which contains 10 independent parameterc.

2. Let the center of gravity be in one of the princilal planes of the
changed momental ellipsold e,= O , then in view of (1)

e, = cosa, e == Sin Q& (2.1y

Leaving the parameter A, arbitiary (subscript 2 is omitted in thc fullow-
ing), we subject A, and 1}, to condition

(2B — €) My sina = (2B — A) Azcos a (2.2)
By means of a new parameter v this condition is represented in the form
A, = (2B — A) vcosa, Ay = (2B — C) vsina (2.3)

We will seek a solution for which the two components of angular veloclty

are constant p = p, and r = r, . At the same time the flrst and third
equation of (1.1) ‘establish the dependence of vy, on g 1if

Po = VCOSQ, ro == vsind (2.4)

and this dependence is
Ye=v@HA—Dg (2.5)

As a consequence of (2.1) to (2.5) the integrale (1.3) and (1.5) yicld

1= (H$ 1B cosa— VP = (BT V,Be® — v o — Bolt sina (2.6)
Y3 = (H <4 YyBgY) sina + V12— (H 3 Y/;Bg®? — v* (A — Bg)* cosa
H=1n(Acos’a-+ Csinta)— E

By substituting Expression. (2.1), (2.3), (2.4%) and (2.0) iute the sceeond
equation of (1.1), ¢ 1s definded as an clliptic function of time
q
d .
t=—n S - 2 (2.7)
VT2 —(H +13Bg? — v* (A — Bo)*

Qo

The derlved quantities satisfy Equations (1.2) and by cub.tlitvting them
into (1.4) they determine the constant i = vw(Ry + \?).

The nutation and rotation angles are found from Formulas

7, = I' sin 0 cos ¢, 1y = I'cos 0, Ty = I'sim 0 sin @

For the angle of precession we have

W _ Pt P = +FS H+1Y,Bq® (1) .
O O e Iz2— w2 [A — Bq (v}]?
0

Thus, 1n the derived solution the independent parameter:n AR, 0, T,asb, v, 4,9,
and Py are rctalned.

The particulur case of the derived solution for the condition a = O 1o
given in [4].

Two known solutions for the motion of a rigid body with a [ixed polny
follow from the found solution in cases of i, = 0 (i = 1,2,3).
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1. Let
A=A =A3=0 mpmvs0 (2.8)
We conclude from (2.3) that these conditions are fulfilled if
a=20, A = 2B (2.9)
Under conditions (2.8) and (2.9), we find from (2.4) to (2.7) that
B
p=v, r=0, m=H+5¢ Ta=—Bvwy
¢ d
o q
= VYT — v — (H + /,B2)? t=—n \
3=V q (H + ;B VYV T2 — viBig — (H % ;B

Ge
which colncides with the Bobylev [5] — Steklov [6] solution. The latter one
contains seven independent parameters.

2. Let v = 0, then from (2.3), (2.4) and (2.5)
p= r::(), ')’2=0, A1=}w3='0 (2'10)

l.e. the axis of rotation is fixed and horizontal. From (2.8), (2.9) and
(2.10) we have

=11, =1, T =Tcosg, 713=Tsing

One of the Euler kinematic equations yields g = d¢/8t . Substituting
these values into the second equatlon in (1.1), we obtain the case of the
physical pendulum.
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