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Abstract

In this paper, we analyze for stability the problem of planar vibrational motion of a satellite about
its centre of mass. The satellite is dynamically symmetric whose center of mass is moving in a
circular orbit. The in-plane motion is a simple pendulum-like motion in which the axis of
symmetry of the satellite remains in the orbital plane. It is expressed in terms of elliptic functions
of time. Using Routh’s equations we study the orbital stability of planar vibrations of the satellite,
in the sense that the stable in-plane motions remain under perturbation very near to the orbital
plane. The linearized equation for the out-of-plane motion takes the form of a Hill’s equation.
Detailed analysis of stability using Floquet theory is performed analytically and numerically.
Zones of stability and instability are illustrated graphically in the plane of the two parameters of
the problem: the ratio of moments of inertia and the amplitude of the unperturbed motion.
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Introduction

The field of dynamics of a rigid body is one of
the most complicated fields of theoretical
mechanics. Even in its simplest case, that of
motion of a body about a fixed point in a uniform
gravity field, it belongs to the type of non-
integrable dynamics (see e.g. [1], [2]).
Nevertheless, it is an inevitable component of the
study of many important systems in science and
technology. An example is the problem of study
of the translational-rotational motion of a
satellite. If the last problem is considered in its
full generality, the equations of translational
motion of the satellite and its rotational motion
are coupled together. It was shown that for an
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artificial satellite a possible solution represents
motion in a circular orbit (e.g. [3]). In that case
the rotational motion of the satellite about its
centre of mass relative to the orbital coordinate
system can be described as motion about a fixed
point of a rigid body acted upon by non-
symmetric potential and gyroscopic forces [4].
Suppose that the satellite is a dynamically
symmetric rigid body and its center of mass
moves in a circular orbit. A possible solution of
the equations of motion represents what is called
in-plane motion. That is a pendulum-like motion
in which the axis of symmetry of the satellite
remains all the time in the orbital plane (see e.g.
[3]). The aim of this paper is to study the stability
of the planar periodic motion, in particular, the
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stability of vibration motion. Markeev [5] was
the first to study the problem in the above
formulation. He studied the orbital stability of the
planar  periodic motion for dynamically
symmetric satellite whose polar axis of the
ellipsoid of inertia is shorter than the equatorial
ones. But, diagrams of stability contained some
imperfections because of low accuracy of
numerical calculations. Akulenko, Nesterov and
Shmatkov [6] pointed out these imperfections.
Markeev and Bardin [7] studied the problem of
stability of the planer periodic motions in the
nonlinear setting using the normal forms of
Birkhoff. Such analysis can be performed only
numerically.

In this paper, we study the stability of plane
vibrational motions of a satellite in a circular
orbit. The problem is reduced to a form of Hill’s
equation, i.e. a single second-order linear
differential equation with a periodic coefficient.
It turned out that this equation is a generalization
of Lame’s equation of the first rank. To deal with
this equation we combine Floquet theory [8] with
the method devised by Ince for Lame’s equation,
which consists in finding primitive periodic
solutions in the form of Fourier series
expansions. Point sets in the space of parameters,
corresponding to those solutions separate zones
of stability and instability. We obtain a detailed
picture of those zones, analytically and in a
purely numerical treatment. Both analyses are in
complete agreement.

Mathematical Formulation
Description of motion

Denote by O the center of the Earth and by &'
the current position of the center of mass of the
satellite describing a circular orbit of radius R
with centre at & see Fig.l. Let OXYZ be an
inertial frame of reference, O'x;v,z; be the
orbital  system  with xy —axis along 0Q’,
vy —along the tangent to the orbit in the
direction of motion of the satellite and z4 — in
the direction orthogonal to the orbital plane and
let O xvz be the system of central principal axes
of the satellite with moments of inertia A,B and
C, respectively. Let also e, 8,y be the three
unit vectors in the directions of x4, ¥y,24 and w

the angular velocity vector of the satellite relative
to the orbital system, all components being

referred to the body system O'xvz. To describe
the orientation of the satellite relative to the
orbital frame we shall use Euler’s angle i the
angle of precession around the z; — axis, & the
angle between the axis of the body and the orbital
plane (so that the nutation angle between =z
and z; — axis is —— &) and @ the angle of
proper rotation of the satellite around its
Z — axis.

Fig. 1 Euler’s angles for describing the orientation of
the satellite

In those variables we can write
a = (cosypcosg — sinfsingsiny

—cosyising — sinfeosgpsinyg |
cosBsiny)

B = (sincosgp + sinfsingcosy,
—simicosd + sinfsingcosy,
—cosBcosy)

¥ = (cosfsing, cosfcosg, sind)

w = (YcosBsing — cosg,PcosbBecosg
+sing, Psing + @)

In what follows we study the rotational
motion of the satellite about its centre of mass. It
is supposed that the rotational motion is
independent of the orbital motion of the satellite
with uniform angular speed {1 (say), given by the
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expression 12° = %Where u is Gauss’ constant of
the Earth [3]. The Lagrangian of the rotational
motion can be written as

L= wl-w—V

1)

W=+ 0y 2

where w the absolute angular velocity of the
satellite and V its potential function in the
gravitational field of Earth. A normally
acceptable approximate form (see e.g. Beletskii

[3]) is:

Fo_ 3p -
Substituting (2) and (3) in (1) we get
l 2 F -
L= 5(-*4—?0‘ + Bgq*+Cr°)
+0(Apyt + Bqy® + Cry?)

The equation of motion of the satellite relative

to the orbital frame, corresponding to the
Lagrangian can be written in the Euler-
G+wx(6—20yl)=
3% X al — Ny Xyl

dt+twxa=10,

BrwxpB=0

Yrwxy=20 (5)

where T = l (TrI)& — 1. This system admits
Jacobi's integral

= Z )
—wl - w+—3al - a—yl-y)=h
2 2 (6)
It was noted in [4] that this system of
equations (6) of motion of the satellite on a

circular orbit is form-equivalent to the equations

of motion of an electrically charged rigid body
about a fixed point of it, while acted upon by
gravitational, electric and magnetic fields. The
system (5) admits a simple solution, which
represents motion of the satellite with two of its
principal axes lying always in the orbital plane
and the third orthogonal to it. Let the last axis be
the x —axis. It is not hard to see that this
solution is

W= wy,w =1 ,
a = (0,cosy, simfr) ,
—simp, cosy) ¥y = (1,0,0)

When s = 0 the satellite takes the relative
equilibrium position with one of its axes directed
to the Earth’s centre and another directed along
the tangent to the orbit. In general we have two
types of motion: vibration and rotation. Each is
centered about one of the equilibrium positions.

This occurs according to the ratio « =5 of

2
moment of inertia of the satellite, restricted by
the triangle inequality to the interval [0, 2]. The
subinterval

i) O0=a=<1 corresponds to the case

C=<A=E

i) 1==a=<2tothecase L' = A=F,
For the first case the satellite is moving around
the tangent of the orbital plane and the second
cases the satellite is moving around 00 .

Equation of motion
We may express the Lagrangian of the problem
in the form:

1 .., -1
L =;j-'1:__'|l_‘}'+ Q')+;CT'

+ Q[Alpys + qy2) + Crysl

ka

2

+'_T [AG +vD)
+Cys + (€ —A)1—3a3)]

(")

Casei (0= a@=1)
Under the condition i the Lagrangian is
(#F=1+¢)
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Fig. 2 Direction of the satellite axes for the case |
0= a=<1)

A L C L.,
L= ;cus-ﬁ+;sjn-5 yre
+[Q(Acos? 6 + C sin? 8) + C sin 6] + =67

C -3

+Q@Csing + 5 ¢~
Q:

+ Pl

(A—C)lcos?8 + 3cosi¥ cos?d] (8)

Now, we note that ¢ is a cyclic coordinate
where:

pe =—=C[(¥+Q)sing + @] =
Q)siné 9)

Next, we ignore g and construct the Routhian:
‘;-I" -~ H Bl
R=3 [62+¥2cos? 8]

+[QAcos?8 + CCysin 81E

ra

+[C-A+

2
Acos?@ + 3(A — C)cos® ¥cos?d)

+55 20506 — 0y) (10)
The satellite can perform the in-plane motions
only if the real constant C, =0.
According to this condition the Routhian takes

the form:
R = 3 [62+ ¥ 2cos? 8]

-

+QAcos? 6 +—[C— A+

Acos?f + 3(A - C)cos?Wcos? 6] (11)

The equations of motion of the satellite in this
case become

A¥cos? 8 — 248(¥ + Q) sin 8 cosé

+3Q%*(A—C)cos?@sin¥ cos¥ = 0 (12)
Ad+ A¥sin @ cosf + 2A0%¥sin 8 cosd
+3Q°(A—C)cos*¥sinfcosh +

Q%Asing =0 (13)

Defining the non-dimensional time 7 = Qf
and denoting derivatives with respect to 7 hy
{(Jthe non-dimensional equations of motion
become:

¥ cos?d — 26 (¥ +1)sinfcoss

+3(1 —a) cos?@sin¥cos¥ =0 (14)
6 +¥2sinfcosf + 2% sind cosé

+{1— a)cos®¥sinfcosd

+sing =0 (15)

Caseii (1 <@ =2

In this case the equatorial axis remains
approximately orthogonal to the plane of the orbit
and the polar axis performs small angular
oscillations about this plane so we shall use
Euler’s angle y» the angle of precession around
the z; —axis (see Fig. 3).

Now, the Lagrangian function takes the form:
A C . ... 5
L= 5 cos<8 + Esm- G-+
[Q(Acos?8 + Csin? 6) + C@sin 8]y +
"JLI] =7 u . C = 2
S8 +Q@lsiné +5¢-—

2'[ 4(C—A)cos?d —2C +

-

2 4-3(C—4)cos?yYcos?a (16)
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8L

Po =5, = cl(+0)sine+o|=c,  (17)
and we get the Routhian

J‘IJ] " .. - - H

R=3 [62+2cos? 8] + [QAcos?8 + CCysin 6]y

Q° _ .
+? [C—A+ (44— 3C)cos-6 +
3(C — A)cos*ycos?d]
+52(205in6 - C5) (18)

“Then the equations of motio_n are: _
Aicos?@ + [CC, cos8 — 2A( + Q) sin 6 cos B8
+3Q7(C — A) cos?@siny cosy = 0 (19)

Ab + AY?sinf cosd — [CC, — 24Qsin 8]y cos@

+307(C — A) cos?Y sinf cosd — CC-Qcosh
+07(44 - 3C)sinf coss = 0 (20)

M

[0

Fig. 3 Direction of the satellite axes for the case Il
(I=<a=2)

__And in terms of the non-dir_nensional time _
1 cos?8 — [aCycos8 — 2(y +1)sinB cosd)a
+ 3{g — 1) cos® @ siny cosy =0 (21)

g +1).':'351'n€cc_:56 -
(aC,—2sin@)y cosf +3(z — 1) cos®ysinf cosf
+{4—3a)sinfcosd — %c:cns@ =0 (22)

The equations (14), (15), (21) and (22)
describe the motion of the satellite relative to the
orbital frame.

Solution for in-plane motion

Assume that 0 < & = 1, by backing to equation
(14) the in-plane motion & = (0 is described by

27

¥ +31l—a)sin¥cos¥ =0 (23)
Integrating this equation we obtain
PFI4+3(1l—asin?¥ =h (24)

Where h is a measure of the energy of the in-
plane motion. We will show that the motion is
classified as follow (see Fig. 4):

-

lp’

o

H
) 5o |

3 2 1 0 1 2 3
4
h<0 no motion
h=0 equilibrium
0<h<3(1 _E) periodic oscillation
A

continuous rotation and

h>3(1-9) the direction of the
4 rotation determined by the
sign of the initial rotation
rate
h=3(1- E} separate the zones of

oscillations and liberations

Fig. 4 Phase portrait for in-plane motion
zero out-of-plane inclination

assuming

From equation (24) under the condition
(O<a<l)

(25)

¥ =+/h—31—a)sin® ¥
and on separation of variables

a -

=tvh f ar

f W1 —kjsin® ¥

ki==(1—a)

h
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If [ky|l=1,0h=3(1—a)

. 1
we define vy = —
4

w(7) =sin~?! [1'15n [\‘.-'3::1 — )T, vy J),

() =vhen(3(1 —a)r,vy) (26)
if kel L h=3(1-a)

Ty T) = a111L+x ht, 11_)

(1) = +Vhdn(3ht key) (27)

For second case when we study the in-plane
motion & = 0 and £, = 0 then
¥ + 3(e— 1)sinycosy =0 (28)

wi+3{a—Dsinfw=nh

W = i\_-"}z — 3z — 1sin?y (29)

[ dy =,
J —_— = i‘\".’!J at
{1 —k5sin-

1'}‘" lka| < 1,k = 3”{1—1}
T)—a1*1L+x hT, lm)
W (1) = £ hdn(3ht, k4)

(30)

1

1.
14

if lis| = 1,h < 3la—1),v, =

(]

(1) = sin™? [1'35?1( 3 — Dt v, J)

W (1) = vhen (x.-'S::ar —1)T,v; :I (31)

Studying of Vibration motion

Stability of in-plane motion

The linear stability equation w. r. to & is

g +[F+1+2¥ +3(1-a) -3(1-a)sin?¥]g
=0 (D=a<1) (32)

8 +[w?+1+2¢ —3(a—1)siny]gd =0

(1<a<2) (33)
Let w=.,31-a)r and¥ =amw).

Using (26) and (32) we get

141y + - -

I1—g)

— + '21'135?1: (w2 )+ |8 =0 (34)

In trigonometric form with sin¥ =1ysinf

o G dg
( —1' sin?
);5,

1'1_: sin fcosf ,— +
I

1+ T 2vf sin®

=cosf)6 =0

(35)

==

This equation can be transformed to hill's
equation as follow:

Letd = gf
5 nt2f
" 16(1-1F gin?f |
+ R — =0
g :+3':+3'.'Ecn:|::,'3' (-] +avy, Bla-micos B § (36)

B 2=e0)[ 2=

visin? f)

When  w =./3{e — 1)t and @ = am(w)
then use equations (30) and (33) to get

5 1
PR L et 2visn*(w,v,)
i al:."l =10

i ) (37)

We will use the same previous method to get
the trigonometric form

siny =v.sinff & u',": x-".?zcos;ﬁ’

dd
'1—1"5111 -5‘,1 5 — 15 Zsin feosf —

dp? ' T dp

+{vi+———— —217sinl g

S 3w —1) - .
+===cosf5)§ =0 (38)

Transform it to Hill's equation
3f sin®2f

. 16(1-13 sin? )

gt o 9=
2+evin-slcoazf+avy, sla-tlcosf (39)

BlE-1)[ 2~

vagin?f)

28
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The equations (36 & 39) are periodic with
periods 27 and 47 and depend on two
parameters{e, 15 ). In the following subsection
we deduce the equations of the boundaries
between zones of stability and instability in the
plane of those parameters.

The stability of vibration motion

Using Floquet's theorem we will study the
stability of equation (35) both analytically and
numerically. For simplicity we write the equation
in the form

( d? 5‘
l —_— _,|_._
d 3
P Py dad
Vs gin 8 cos
‘1 ﬂrﬁ
(b—2visin® f +dcosf)8 =0 (40)
b =1+t * 2V
o= T —_—  , d=—
1 31l —a) _%_.-3::_1_{{}
and equation (38) in the form
(1 2 ) d*e
{ v3 sin? ’Ia;’a’
o
1"5]11 Scosf—
L]
(by — 2visin® § + dycosf)6 =0 (41)
. — 2 1 s . Zvg
1=vit 3a—1) ' N = Fat

The primitive periodic solutions of equations
(40) and (41) can be expressed as a Fourier series
in one of the forms:

Odd 2 periodic solution
6 =3 —gAnsinng (42)

Substitution this solution in (40), yields the
following recurrence relations for coefficients 4,

d d 5 .

?211 + | J -4+ 1.' )hn ;.*'13 - ;‘1'1'11;_ =0
a, ., 72V, o8, 9 5,
Eh:"‘ b—94 - )313+Eh;_—§1'1'z15=ﬂ
Forn = 2

For the second case, using (41) gives for
coefficients A, the recurrence relations

dy | 2,
:__r1_—l—1' V-8 +5 Ay —viAz =0
A, a :a. d, 3 5,
AL+ -4+ vidda+— Ay —Sv Ay =0
ﬂ‘_-_l \ 7 2N ‘_ﬂ-_l \ ‘_g 2,
Th:'i‘ J1_9+_1'n)' +TJ"1;__;'1':_1'15=0
Forn = 2

n(2n-3) dy |
_T12“2n—2 5 Aan—1

(1 2 P D o 2 g I5"1‘1 ;
by —4n®+ (2n7 — vy Mg, +— Aspss

(Zn+3) ., B
——— VA5, =0

')

ﬂ-’ﬂ—l)—l
_ft' —l,l'l'nnn _1+ 2

. L, 2n+1)2-2) N
+| by —(Zn+ 1) 5 V1 lAn+1

d: ni2nt+5)+2 o,
+T_21:_,,!_: — . '1':_2'1:“_3 =10 (44)
Even 27 -periodic solution
Substituting
8 =3, —gBncosnf (45)

in equation (40) yields the recurrence relations
for coefficients 5,

. d
:._}.J _'1'1_)55 +;B-_|_ =10

- - d -
dBD + :._}.J - 1)51 +?B: _'1'1_53 =0

. d 2 d 5,
1'1'BE.+_—15’1 +{b—4+157)5; +—B- —3¥wB:=0

d_ 7 7 g
SBa+ (b=9+507)Bs +3 B——1'B—G

29
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Forn = 2

ni{2n —3)
_fﬂll B""“_"‘ + B"" _'1 +
(b —an? + (2n? - 1)1'1_',15‘:_,1 +;Bgn_1
ﬂ: 2n+3) B
')
nzn-1 -1 d
- VWb t5Bnmt

1y Bn,._: =10

s (En+DT-D)
—(n+1)"+———— |Bams1

(46)

niIn+s)+2 4
+1'1_Bin—3 =1

d
+:BEH—E -

And in (41) leads to the relations
- d
—vyJ)By + _—;'5‘1 =0

(by
- i3 3y d‘.l =
dyBy+1by — 115 +TB: —‘1':.'53 =10

5 dy . - iy 5,
‘l'a_TBE.+TB-1 +i{by —4+v,)B; +TBS —;1'515’;_ =0

dl "1 ? 2 d'l g 2
2B+ (=9 +5v2 B+ 5 Ba—SviB = 0

Forn = 2

ni2n —3)
_—‘1'_Bﬂ“_
3 2
+:"= —dn? 4 [:'2’.?1: — l:l'l'g:}B:n
’PJ.I 2n+3)
2

n2n—1)—-1 . a'1

d1
2 Byyn—q
dq
+? Bopsq

V2Bypen =0

)

i , - :jj2n+1}-—7} ,

’1_: ﬂ+l)_+% - Bﬂ +1

. “lﬂ'ﬂ—-:—
+T- B:ﬂ_: L] Bﬂ“_a =10 47)
Even 4T -periodic solution
Substitution a solution in the form
6 = Ty=oCrcos(n +2)B (48)

In equation (40) vyields the recurrence
relations for coefficients C,,
d 1 7, L5 5 od, 7 .

[J +?_a_1._§11 )CE+ I"E11 +E)C1—El.l C;=10
[d+ —? )c +[_: )C +5 Cﬂ 2 ey =0
2 16 /70 3T 16 78

Forn =2

(2n-5)(2n+1) , d
- Vi Chog+=Cpy +

. 16 _ 2

 (2n+1)? (2n+1)2-8 .
(2n+102n+T

+E € — TN G0 =0 (49)

and for second case the recurrence relations

Forn =2
(2n —5)(2n+1) , dy
— T:'_C."!—: +TC“_1+

(50)

Odd 47 -periodic solution
Assuming such solution in the form
g =

Y=o Dnsin(n + )8 (51)

and substituting in (40) yields the following
recurrence relations for coefficients D,

‘oood 1 7,
[x,’_J—E—E—g‘l'{)DE.-l'
.--d 5 5 ?
2 , g 1 2

[———1' )D.;.+[_‘u—a+§1'1 )D1_

a’ 27 5
+ED:—E‘1' Dr-—':l
Forn

2n—502n+1) . d
— 16 '1'.1 D,,._: +ED -1 +
o (2n+1)° n+1)°—-8 .,
bh— 2 3 | Dy,
+5 Dy - Bttt 2p, ., =0 (52)
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While for the second case the recurrence

a4 1 7 -
94 — = :i - Egiff ) fjc +
clq 5 . 7o,
dq g - 1
‘?—Em:)ﬂ.}+[;ﬁ —+§1'::ID1_+
dy . 27
jE— ff: -—'1E§1J: fjg =10
Forn = 2

_(2n-50n+ 1}1I:D LB
2tn—-27T 5 ¥a-1

16
 (2n+1)? (2n+1)2-8
by — 2 + 3 vy 1D,
d: (Zn+1)(In+7) 4
5 Dnsa - ViDnia =0 (53)

ie

The systems of equations (43,46,49,52) and
also (44 , 47, 50, 53) are homogeneous infinite
systems. The boundary curves can be drawn by
solving the determinantal equations. We shall
study the stability and instability zones in the
plane of parameterse, Yy  Whereyis  the
amplitude of vibrations {vy > = sin;).

Numerical and analytical diagrams of stability

Let the symbols 14, &. denote the (s) zones of
stability and instability, respectively, separated

+ +

by the curves 1,1 whose equations describe
25 2s+1

the distribution of eigen-values for boundary
problems of periods 27 , 47 . We shall draw
these curves by solving the last four
determinants. We classify the curves as:

N
[ 1 for even 2z — periodic solutions and
2s

[ 1 for odd 2 — periodic solutions.
2s

.
[T for even 47 — periodic solutions and
2s+1

1:[ for odd 47 — periodic solutions.
2s+1

As a first step we now find the intersections of

+

[T ,II with the liney, = 0. On this line the

2s 2s+1
equation of vibration (36) takes the form

g +[1+—"=]g=0 (54)
let l+ﬁ=m3 where ¢ is constant,
thene =1 ———— forw =23456,...
8 23 44 71 104
Ty Ty BTy T B T g

and so on. There exist two curves with the same
period one even and other odd passing through
each of those values of a. We note that the
stability zones occupy the lower part near

tow, = 0. For example, two curves, one odd []
2s+1

N
and the other even [] . with the same period 47
2s5+1

-

1:[ with period 27 at @ = —3
2s

E +
atae == and [] ,
g 2s

(see Fig. 5).

05k

|:||:| i . i A i i A ke i i A A i
00 0 M g 0 10
Fig. 5 stability zones for the case |

In the same manner as in the case of

+
(0 = @ = 1) we get the intersections of [] ,
2s

[T with v, =0to determine the zones of
2s+1

stability and instability for the case {1 < o = 2)
Equation (39) becomes:

31
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1

Ia—1)

g +[1+—==|g=0 (55)

Let—— = nwhere n(+) ve integer, then

Ie—1) -

g=——+1for n=1234 ..
Ind

4 _'13 _
315-"2 _.1215-"3 -

28

49
27

iy = _=£J

and so on. The zones of stability and
instability are shown in Fig. 6.

Fig. 6 stability zones for the case II

Conclusion

The stability of the vibrational in-plane motion of
the satellite in a circular orbit is studied. The
plane of parameter (e, 15 ) is divided into distinct
regions of stability and instability separated by

certain curves corresponding to four types of
periodic solutions of Hill's equations. Those
zones are illustrated graphically.

References
[1] E. Leimanis, The General Problem of
Motion of Coupled Rigid Bodies About a
Fixed Point. Springer-Verlag (1965)
[2] J. Awrejcewicz, Classical Mechanics.
Dynamics, Springer, Lodz (2012)
[3] V.V. Beletskii, Motion of an Artificial
Satellite about Its Center Of Mass. Nauka.
Moscow (In Russian) (1965)
H.M. Yehia, On the motion of a rigid body
acted upon by potential and gyroscopic
forces, J. Mecan. Theor. Appl. 5 (1986) 747-
754
A.P. Markeev, Stability of plane oscillations
and rotations of a satellite in a circular orbit ,
Kosmich. Issled. 13 (1975) 322-336 (in
Russian), English transl. Cosmic Res. 13
285 —298
L.D. Akulenko, S.V. Nesterov, A.M.
Shmatkov, Generalized parametric
oscillations of mechanical systems, Prikl.
Mat. Mekh. 63, 746-756 (in Russian);
English transl J. Appl. Math. Mekh. 63
(1999) 705-713
A.P. Markeev, Bardin, On the stability of
planar oscillations and rotations of a satellite
in a circular orbit, Celest. Mech. Dyn. Ast.
85 (2003) 51-66
F.M.  Arscott, Periodic  Differential
Equations. Pergamon Press, Oxford (1964)

[4]

[5]

[6]

[7]

[8]

A padlal)

@JJHJM‘}JG‘;GUM)&SQQQQ\GJM‘JU{M\M

5 geaial) daaly - pglall A0S - el ) anid

Ay s simall (B 5 Jlua Ao oliall jalll AndXill AS al) ) i) dad ga coal Gad) 13a
ase (ghlag i fial (ghlia ) acdi) ) Alaall cp il ) o siun B Lily @il zlay)
il B S Adlaal 4y gall Jgladl e £1 63 day ) (e AU Cilpiadia Ly Jualli ) i)

32





