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1. The motion of a gyroscopic pendulum whose point of suspension is
subjected to the horizontal acceleration components Ac and A has been
studied by many authors. It is well known [1] that if’the nutational
motion and damping are not considered, then for small angular defections
of the pendulum axis from the vertical, « and B, this problem reduces to
the solution of a system of linear first order differential equations

. : ml

oo — kgl == — k4, B+ kgo = kA;, k= (1.1
where g is the acceleration due to gravity, m 1s the mass of the gyro
housing and the rotor, and H is the kinetic moment of the rotor of the
gyroscope.

In the usual statement of the problem Ar and A_ are assumed to be
given functions of time, and the analysis of the system (1.1) does not
present any fundamental difficulties. In some problems, however, in addi-
tion to the horizontal components of acceleration of the suspension
point, the vertical component of acceleration A; can also produce a
significant effect, and all three acceleration components are randonm
functions of time.

An example of such a problem is the study of the motion of a gyro-
scopic pendulum on a ship, where the presence of heaving causes a random
displacement of the pendulum support. A similar problem arises during
the study of the behavior of a gyroscopic pendulum carried by an air-
plane, as well as in a number of other cases.

For problems of such type, the following system of equations of motion
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can be written considering the assumptions made above

L

@ — kg (14 = Ac)B = —kd,, B—~{—kg<1+—:r—;1t)a:kA3 (1.2)

where A§‘ A_ and Ag, and consequently «(t) and 3(t), are random functions
of time.

With the presence of damping, which can occur as a result of air re-
sistance or forces of viscous drag at the support axes, the system (1.2)
changes into the following system of equations

(1.3)
o — kg 1+ »:,— Ag)B—nf = —kd,, § i ke(1+ % Ag)afn s ks

Here n is the ratio of the damping coefficient (we assume it to be the
same for both axes of the universal support) to the kinetic moment of the
gyroscope rotor f,

Yhen we introduce instead of the real functions olt) and p(t) the
complex function y(t), the above system can be written in terms of a
single equation

YO & ikg LAY (17 =V, @)+ W, (1) r=a+iB)  (1.4)
Here

Ihg = o (1 --in), 0] i AL (1.9)

LR R

Vilt) = o VO +all (0], Wy () = s (W (1) —nV ()] (1.6)
1

14 nt

Vie) = — kA (0, W= kA, Y@ = 1.0 (.7

Without damping, the solution of the problem can be obtained from the
solution of Equation (1.4) if n = 0 is substituted. The function y(t) is
random, and consequently, the solution of Equation (1.4) reduces to the
problem of determining all laws of distribution of the ordinates of this
function. Even with conditions of normality on the random processes Y(t),
V(t) and K(t) this problem is very complicated. For the purpose of
applications, however, it is sufficient to know only the mathematical
expectation and dispersion of the angular deflections a(t) and p(t). Tt
will be shown later that the moments of these functions can be determined
in general form for any system of random functions Y(t), V(t) and "(t),
and in the case when these functions are normal one can obtain simple
computational {ormulas.

Since |y(t)] =d(a? + p?) gives the Jeviation of the axis of the
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gyropendulum from the vertical, the following quantities are of direct
interest

M [« (t)] = Re M [ (2)], M [3(t)] = Im M [y (2)] (1.8)
DiyO|I=MI|r @) —{MIr@®)]1} (1.9)

and also the dispersions of a(t) and p(t), which can be determined from
the formulas

Dla@)l= LMy @)%+ LRe M [y2 (1) — (M [« ()]}

1.10°
DB =2M{|y(t)|*1—3 Re M [y* ()] — {M [B ()1} a0

2. Lower case latin letters will denote the mathematical expectation
of the random functions denoted by corresponding capital latin letters.

Let

. _ o u(d) Fim ()
T@=00+c = GonTyaT @.1

where 5(t) satisfies the differential equation

6(t>+igk1u+Y(t)}a(t)=V°(t>+zW1°<t> (2.2)
VW) = oV O+ O W0 = W (O —nV° ()] 23)
while the functions V°(t) and W°(t) are determined by the equations

Ve =Vt —v(t) — s 1Y () —y (O]

We(t) =1 (8) —w(t) — —_ ¥ (1) — 4)
O =1 (@) —w () — 20 1Y () —y )] (2.4

Equation (2.2) does not differ in appearance from the original Equa-
tion (1.4), however, at its right-hand side, it contains functions which

have a zero mathematical expectation. Let us represent the random func-
tion 8(t) in the form of a sum

8 (t) = 6, (£) + 8, (£) (2.5

where §,(t) is the solution of the homogeneous equation corresponding to
Equation (1.4) and the given initial conditions «,, P, for al(t) and p(t);
5,(t) satisfies (1.5) and zero initial conditions. Of course,

M (D] = M5, )]+ Mis,; ()] (2.6)

Considering (2.1) and using the expression
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zw) =¥ @wde (2.7)
we obtain

8o (8) = (g + By —c) exp {— ikyg [t + Z (0)} (2.8)

t
bu(t) = \exp{— ihig (t — ) — ihygZ (L)} IV1° (6) + IW° ()] dby (2.9)

After computing the mathematical expectation of both parts of (2.7)
we obtain

M [8, (1)] = \ e~ g =) M {e—hugZ () [V, (¢)) - iW,° (1)1} dt;  (2.10)

ey~

Let us denote the characteristic functions of the systems of the
random quantities Z(t), V,°(t), and consequently, 7(t,), W,°(t,) by
E(ul, u2) and E(ul, u3). Then we shall have

M {e—hgZ () [V °(8,) + iVW,° ()]} =

1 9 0 uy = — kg ‘
= gy Bl w) b B ) ror {07 M2
In our further analyses, let us restrict ourselves only to the normal,
stationary, random functions Y(t), VO(t) and ¥°(t). In this case the
function Z(¢) will also be normal. Since the characteristic function
E(uy, ..., u,) of the system of normal random quantities X,, ..., X, is
uniquely expressed in terms of the elements of the correlation matrix
H kjl|| of this system, and their mathematical expectation x; 1s
expressed by formula [2]
. n n
E (u;, ... up)=exp <—~ —Hl,— E hjuguy -1 Z u;r; > (2.12)

il=1 1

we obtain instead of (2.10)

Mo, (1) = S
t

. . 1 s a . G -
x % exp ['“ ibye (L0t —1) — - /fl“é’"/l'n] (hrg — thyo)dty  (2.13)

0
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Here
kyy = DIZ ()], ke = MA{{Z(t) — z )1V, (1)}
s = M{IZ (1) — 2 ()] W° (1)} (2.14)
When we denote by K_(7) the correlation function of Y(t) and by

(1) and R (7). the correlation functions of the coupling of VAt)
with Y(t) and consequently of "°(t) with Y(t), and let

(2.15)
fm=2{c—nEmdn, g@={Ry@dn,  @@={RuEd

the moments (2.14) become

Fu=7t—t), ko= T?é? [Pt —t) —n@(t —t)]
Fig = 1—i 2 (@2 (8 — ) + n@y (8 —1y)] (2.16)

By substituting (2.16) into (2.13) we can separate the real part from
the imaginary part:

M8, ()] =

-\ exp (L (¥)] {Ta (1) — nu (x)] cos NV (x) +
1 (

+
+ 11 (¥) + ngs (D] sin N (1)} dr +

s\ exp (L (14193 (¥) — ngs (D1 sin N (1) +
+ [91 (1) + 19, ()] cos N (1)} d (2.47)
L =—onl+yt+ gof @] NO=oll+yr—of@)

The mathematical expectation M[SO(T)] can be expressed in terms of
the characteristic function E(u) of the quantity

M [8,(t)] = {M [ag] - iM [3,] — c} =8t E(u) when u——liyg  (2.18)
After expressing E(u) explicitely in terms of the moments we obtain
1
M [5,(t)] = exp{— o [n A+ynt+ Twl(i — nz)f(t)]} X

s {[ M 1ol — s [eos o 11 -+ y)t — nonf (0] +
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E BB+ oy | sin o [t -+ ) e —nowf (1)1} +
+ iexp {~ ml[n (d+yt+ %ml (1 -—~n2)/(t)]} X
x || M 18] + oy | cos @i 1(1 -+ y) = noy/ ()] —

w .
*I:M[mo]—m]smml[(i+y)t—nm1f(t)]} (2.19)
Formulas (2.9), (2.17) and (2.19) completely determine the mathe-

matical expectation of the angles a(t) and P(t).

For the determination of MUSl(t)P] we multiply (2.9) by its complex
conjugate and obtain

i

8, (1) | S&exp{-—-zwmi——in)(t—m~—(Me’n)(t—m—(i--z'n)zw~

— (1 i Z(E)T} V2 (1) + IW° ()1 IV () — iV ()] dtydt,  (2.20)

Let us study the system of normal random quantities Z(t,), Z(t,y),
Vo(tl), Vo(tz), Wo(tl), Wo(tz) which we number in the order of their
appearance. We shall also identify the arguments u_(r =1, ..., 6) of
the characteristic function E by the same numbers as those of the random

quantities. Then, we obtain for the mathematical expectation of (2.20)
f

1 . .
MO = 77 \\“P{‘ o [(1—in)(t — &) — (1 - in) (t — )]} «
0o

v o J
e ‘t Jdug du F(Hh g, Uz Ii;) Dusdug E(li], U, Us, UG) -

L o

s I&Z&a E (ll], Uy, Uy, uﬁ) — (Wu: ' 8 (ll]. Ua, Uy, u5)} dlld[__,
when @i —=~ oylb—in), wa st - ), wy Mg s uy == g 7 U (2.21)

Yhen we also express here the charactenstlc functions by the elements
of the correlation matrix of the system of random quantities
under study and assume that MJ[l7(t ) = (t -t 1)y we obtain

(34

M6 = };JE)—‘}-\\L\;» {—io, (1 —in) (¢ — 1) — (Lt in) (t — )] —

— Voo (1 —in)hyy (b in)Phey = 2(1 1 0¥ hye] —
—— i(l)I!/ ]([2 —- tl) —n (2t —= Z] — [2)]} {—* [(/1’31 — /tlgg) —in (}f;“ + /1'32)] Vs
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Y (hay — kag) = in (kgy + kyo)l — [(ksy —ksa) — in (hsy —hso)]l X (2.22)
X [(key — kea) — in (key - ko)l -+ i [(Fa1 — ko) — in (ka1 + kzo)] X
X [(key — kog) — in (kg -+ kgo)] — i [(kgy — Fa2) — in (hyy 5 kg2)] X

X [(ksy — kse) — in (k51 = ksa)] + @y 2(ksq -+ kso — thae —— thys)} dty, dty

When using (2.15) and denoting the correlation functions of V°(t) and
Wo(t) by K, (1) and K (1) the last equation can be written in the form

t
M |6 ()% = \ e=D v ) {A (14, Ta) cos [C (Ty, To)] —
0

Se "2

— B (14, To) sint [C (14, To)]} dT1dT, (2.23)

where

2
A(1q, Tg) = 1:)_—1,12 (@1 (T2 — T1) @1 (Ty — T2) + @2 (To — 1) P2 (T1 — T2)] —

2
+ 3 i“);z (1 (Ty — To) @2 (T2) - @1 (T2 — T1) @2 (T1) — @2 (Ta — T1) @1 (T)) —

— @2 (Ty — Ta) @1 (T2)] ?:_m,llg (261 (Tq) @1 (Ta) +- 202 (T1) P2 (T2) =
— ¢ (T —T2) 1 (T2) — @1 (T2 - Tl) @1 (T1) — Q2 (To — 1) §2 (Ty) —

— @2 (T — Ty) @2 (T2)] - i~ nz (Ko(te—1) - Ky (. — 1)) (2.24)

anl

B(t, 1) = T n 3 {200 (Tr — To) @1 (T2) — 22 (T1 — To) 2 (Ta) - -
F @ (To —— T1) @ (11 — To)] — [2¢ (T2 — T1) @1 (T1) - 2@ (To — T1) @2 (Ty) -
- @1 (Ty — To) @2 (Ta — T1) |7 [29) (T2) — @ (T2 — T1)) [202 (T1) — 2 (T1 — T2)]—

— 1 2¢; (1) — @ (T3 — To)] [2¢2 (T2) — @2 (T2 — T)1} (2.25)

-

C (T, To) = 01 [(Te — Ty) — 14/ (o) + noyf (t1) + (T2 — T1) Y] (2.26)

D (13, 1) = — 0,2 [(1 - 7%) / (T — 72) — 2n%/ (1,) — 2%/ ()] +

+omn(t 1) +y) (2.27)
From (2.5) it follows that

M|6(t)| 2] = M[|8,(t)|1+M1|8;(2)]2 4+ 2Re M [8,(2) 8, ()] (2.28)

The mathematical expectations entering the last equation can also be
found by the same method as M[|81(t)|2] . If we assume for simplicity
that «, and 3, are mutually independent, have zero mathematical expecta-
tions, and do not depend on Y(t), V°(¢) and W°(t), we obtain
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M [|6y(2)|%] = {D[x,) + D [B,)} exp [— 2no;t -+ 2nw,*/ (1)]
Re M [5,(t) 8, (t)] =0 (2.29)

Analogously to Formula (2.23) it follows from (2.9) that
Lt
Re M [§,® (t)] = S &e*D‘ 0= {[(1 —n?) A, (11’72)‘{“2’131 (T1,T2)]v0s Cy (T, T2)+
[V}

+ [(1 — n?) By (14, To) — 2nA; (T, T5)] sin ) (14, 1)} dT,dT, (2.30)
where
A; (11, Tp) = Ko (Te — 1) — Ko (T, — Ty) + 0,3 (1 —n%) X
X Dy (T1, To) — Dy 1 (Try To)] - 20,20 (D 5 (T, To) - Do (T, T)] (2.31)

By (14, To) = — Ry (T) — To) — Ry (To — 1)) — (1 — 1% 0, <
X [@y,0(Ty, Ta) 4 Dy (Te, T1)] — 2n0,% {Dy 5 (11, T) + Dy (Tq, Ta)] (2.32)

Ci(Ty, To) = @) {1y + T2) — noy [3f (1) -+ 3/ (Te) — f (T2 — 1) [} (2.33)

D (v, o) = 01 {n (1) + To) -+ “i_— (1 — n®) o, [3f (7)) 5 3/ (Ta) — [ (T2 — 1)1}

D0 (Ty, Tg) = [29; (Tp) — @, (T, — T [2¢ (V) — @ (Tg— T} (2.34)
(Ihlpog=:1,2) (2.35)

and R (1) is the correlation function of the coupling of VO(t) and
W°(¢). In such a fashion we obtain from (2.8)

Re M [8,2(8)] = {D[ae] — D [B,] - - c*Yexp [— 2noyt — 2 (1 —n?) @)%/ ()] =
soeos 2w [f— 2onf ()]} (2.36)

Finally, considering the assumptions on the initial conditions, we
obtain

Re M [8% ()] = Re M (8,2 ()] - Re M [8,2(1)] (2.37)

i.e. we will have all necessary formulas for the calculation of the dis-
persions of a(t) and p(t), determined by the equalities (1.10).

3. Let us now analyze the obtained results. At first, let us study
the motion of a gyropendulum without any damping. After substituting
n =0 into (2.17) and (2.19) and assuming that in that case @, = v, we

obtain for tlie mathematical expectations of the an,ular leflections of
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the axis

Mia(t)) =F(t) {M[aol ]cos ot +y)t1+

¥)
t

+{M{BO]+ m]sm fo (1 -+ j)t} K () @q (t) cos [0 (1 + y) Tidr+
0

t
o {F (0@ @sinfo (1 +y)Tide (3.1)

MB@I=F @) [[M 18] + 5y eoslo(t 9 —
t

—[Miag) — gy [sinto (1 4+ ) + o\ F (W@ sinio (1 +y)7di+

0

i
o\ F@ e @eosiod +y)tide (3.2

where

F(t) = exp[ — &% ()]

Turning to Formulas (2.15) we see that for large values of t one can
assume the function f(t) to be a linear function of time since

t t

f(t)—zcﬂhj(r)dr—zﬂm,, r)dr~2t\ 1) dv —
4 0 0
2\ tRy(mdr=at—b,  a=2a5,(0) (3.3)

0

flere S_(w) is the spectral density of Y(t) and, consequently, the co-
efficient a cannot be negative and goes to zero only when S _(0) = 0,
This will occur, for instance, when Y{t) is a derivative of a stationary
random function.

On the other hand, Formulas (2.15) show that
img, (t) =¢, limg#)=c¢ as -0 (3.4)

let @ =0. If in this case ¢; =0 and ¢, = 0, then {rom (3.1) and
(3.2) it follows that for sufficiently large t the mean position of the
pendulum axis will begin to precess with a constant angular velocity
(1l + y). The amplitude of this precessional motion depends not only on
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the mathematical expectation of the initial conditions (first terms in
the formulas), but also upon the correlation functions of the coupling
between the vertical and horizontal components of acceleration of the
support (second terms). Here the axis of precession will not coincide
with the vertical, since Mla(¢)] and Mﬂ3(t)] wil]l contain besides the
harmonic terms, items of the form

CcOs

o\ [F (1) @; (1) — c;F (00)l gy [0 (1 +y)tldr (=1, 2)

v

Pl I

which can be assumed to be constant for large t.

For a > 0 the precession of Mla(t)] and M[B(¢)], which depends on the
initial conditions, will attenuate with time, since the corresponding
terms of (3.1) and (3.2) contain the factor F(t) and lim f(t) = 0 as
t = o, For the same reason the precession caused by the presence of a
correlation coupling between the acceleration components will also
attenuate.

The attenuation of the precessional motion without damping, which is
caused by the presence of the random function Y(t) in the left-hand side
of (1.4), distinguishes the studied case from the motion of gyroscopic
pendulum without random vertical motions of its point of suspension.

In the presence of damping, as can be seen from Formulas (2.17) and
(2.19), the attenuation of the precessional motion will take place also
for S.{0) # 0. After this attenuation of the precessional motion, Mol t)]
muith(t)]will be different from zero.

Let us study the general character of the change of the dispersion of
the angular deflection of the pendulum axis. Here we shall restrict our-
selves to the study of Dla,(¢)] and D[B,(t)], i.e. the dispersion of the
deflections which are not related to the initial conditions.

Without damping, Formula (2.23) takes on the form

1t

M8 )] :mggSF(Tz—Tl){‘?i('ﬁ‘““"ﬁa)‘?l(fs —T1) +

a0

F Qo (Ty — To) @ (T2 — 1) -+ ”0%2_ (Ko, (To—Tq) + Ky (Te — T1)]} dr,dv, (3.5)

Under the integral sign we have an even function of the difference
1 =17, - 7,. Thus, we can carry out one integration:
t

Mifs 0 =20 ¢ —0F @ o @a (-
14
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+ @2 (T) @2 (— r)+—(j;[Kv (r) + Kw(-r)]} dt (3.6)

For n = 0 the Expression (2.30) becomes

¢

SF3 (7)) F2(v) F71 (1, — 1) {(Dz.z (T1y T2} — @11 (71, T5) +
)]
1

4—(’) 3

Re M {82 (1)] = w?

Dty

o [ R (T — ) — Ky (T, — 1)1} drydry (3.7)

If a=v, ¢, #0 and ¢, # 0, then (3.4) will grow with time, and (3.7)
will not contain any terms which grow as t — », Consequently, the dis-
persions a,(t) and B,(t) will grow with time.

If a > 0, then (3.6) as well as (3.7) tend towards constants with
time, and consequently, also the dispersions of the angular deflections
of the axis of the gyropendulum will tend towards constants.

In the presence of damping Formulas (2.23) and (2.30) still remain
valid. Since in this case, the exponents of - D(Tl, 12) and - Dl(Tl, 12)
tend to — ® with an increase in their arguments, while all remaining
factors in the integrands are either bounded or are decreasing, the dis-
persions of o (t) and B,(t) will tend towards constants as t = « regard-
less of the value of a.

4. As an example, let us study the behavior of a gyropendulum placed
aboard a ship. In contrast to [4] we shall consider here also the
vertical component of the acceleration of the pendulum support. The
heaving of the ship is assumed to be irregular. Let us assume that the
pendufhm is placed in a diametral plane of the ship at a distance x,
from the midship bulkhead and that it has an elevation above the center
of gravity of the ship (at the equilibrium position of the ship) equal

to z..

For the sake of simplicity we shall assume that there is no orbital
motion of the center of gravity of the ship and no jerking. We shall
take into account only the rolling and pitching motions which are
characterized by the roll angle 0(t) and the pitch angle ¥Y(t). In this
case, the components of acceleration of the point of suspension of the
pendulum are

A = —x, (V24 YO) 42, ¥, A, = —2z,0, Ay = —z ¥ —z (P24-62) it

E n ¢ [

One can assume with sufficient accuracy that the angles of the ship
movement are stationary, not coupled by normal functions [3]. In this
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case, the correlation functions of the angular velocities Q = & and
Ql = ‘P can be written in the following form

—#jl B .
K, (r):cf-e ki (coskjt -+ Xi—sm}»jlrl) =12 (4.2)

where Al and Az are close to the natural frequencies of the roll and
pitch motion, respectively: §; and W, depend on the character of the wave
motion and the parameters of the ship. For computational purposes we let

g, =0, =0.075 1/sec, b, = 0.05 1/sec, My = 0.10 1/sec,
Al = 0.5 1/sec, Az = 1.50 1/sec, x,=28m z,=14m,
H= 1,708 x 105 gr cm sec, mgl = 1250 gr cm.
At first, let us retain in (4.1) only terms of the first order. In
this case
AE.:zc ‘.I}, Aﬂ—_—:—zce. At:—.—xclp', aE:anr:,uc:.:O

Ze

3’(!,):-—- z

¥, V(1) = ks, 8, W (1) == kz, v, v=w=10 eih

which together with (2.15) yields

gxcz 5o \ -
Flty= [1_5”letl (coskrﬂr{- sin kggrl)J t4.4)
k22,552 (ot As?)
o {)=0, qt)=-— MiT_ e ltlsind, 1]

When we assume zero initial conditions and no damping we obtain
according to (2.17)

gEzm (pa? A7) : .
Mia)]=—— < 7\,.;;:6 e x S exp l—— ot | neHeT (cos A2t -+ ‘L}t‘:- sin MT)} x

o

X sin Agt ¢S ©TdT 14.9)

g2z, % (R + As%) ~ )
M[B({]= ——}%;cm:— —* 3 exp { —— RaT - me T BT ( €os AsT -+ %?sm ?sz)j, »

"

X sin AT sin otdt

where ® == kiz 2oyt

For the chosen numerical values K = 1,25 x 10—6. Then one can expand

the exponential functions under the integral sign in (4.5) in series of
powers of k and retain only the first term of the expansion.
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After the integration is carried out, terms containing the factor
exp( — i, t) are neglected, and it is assumed that for the chosen numerical
values ® << A, and @ << p,, we obtain

z()
M[a(t)]z~—u;;— or Mia(t)]~ —6.2.107" = —0.13"

In the given case, disregarding the fact that ¢ = 0, a regular pre-
cession does not occur, since €y T cg =0, because of the form of the re-

lation between Ac, A and A-.
(| S

When we substitute (4.4) into (3.6) and utilize the same approxima-
tions we obtain

i (w2 + D)
M@ B = M (1800 F g s (145)

Substituting the numerical values we obtain
MUY P]=441072¢ { 1.25-107¢

When we compute Re M[Blg(t)] in -2 similar fashion we find that

Re M[Blz(t)] << M[!Sl(t)'2] and since M[ﬁ(t)] = 0 and Mla(t)] is small,
we obtain for the mean square deflections of the angles a(t) and P(¢t)

which yields, for instance, for t = 10 min and ¢t = 24 hr, o, = Gp = 2.7

o
and O = OB = 3.1, respectively.

In the presence of damping, numerical results can alsoc be obtained
quite simply if n is assumed to be small, and one performs series ex-
pansions in terms of x and n in the formulas for the mathematical expec-
tations and dispersions,

I1f we retain the discarded second order terms in the original expres-
sions (4.1), then the functioms Y(t), V(t) and W(t) will already be not
normal, and all formulas obtained for the moments of the random quantities
a(t) and B(t), lack accuracy, since in their derivation we used the
characteristic functions for normal random quantities. An improved
accuracy can be achieved using the expression for the characteristic
function which corresponds to the expansion of the propagation law into
an Edgewart series [2], which takes into account higher moments of random
guantities. In the given example, the deviation from the normal law is
caused by second order terms and is not significant. Thus, assuming that
all formulas derived above are also applicable in the present case, we
shall consider only changes of the values of the mathematical expectations
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and dispersions Y(t), V(t) and W(t).

If we keep the nonlinear terms in (4.1) we obtain

(S

u

z R
ym_~§m3+@% peew =10 K, (1) - Kﬂn — K20 E KT (7))

_e‘,"‘

K, (1) = — 22K (1), K1) — — k%2 2 Ra(1) - 2ke 2 —kq, (v

Zx 422 ¢
) = ) — Koy S(f — D{ES () L Kyflde
i)
EYet, . )kxczc d [ . .
R,,(1) =20, By (1) = ——— - Ko {t) P E[Kq,(r;lfwj

As a result of the presence of the second term in the expression for
Ky(T) the function f(t) will depend on time for large t; nevertheless,
although the correlation functions of the coupling between RU (T) and
Rw {7} did chanege the constants ¢y and ¢y, will still be equal to zero
as before. Thus, the general character of the motion of the pendulum will
remain as before, only that, because of the fact that ¢ ~ 0, the attenu-
ation of the precessional motion will proceed more rapidly, and D[!y(t)‘]
will tend towards a constant value.

As was noted above, the consideration in the expressions of character-
istic functions of the higher moments of the ordinates of functions Y(t),
V(1) and W(t) does not present principal difficulties, however, it
naturally complicates the computational process.
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