
\fAO. )t4.,,\f . gi orL-!,L[f

l*i.f LSdJ,,,A

6J*UTJi.l

{,:l:s L-p.-p)-bJ e5 (.r-..rt(;) r'*+ -! +S;.g13*- d'? yn.i'r 6**-
c^b..bt t4 glra ** O,l JIL ;"lrr ..:"-l (rt(i) -&t .57;- f-+ .! **

.)*€ a,JlL,rcv

4.,t!.

-f-* .;*", d.r.la \ *s 'fr3;}.d.:r.:"-l € d) a5,r*[r-rlr,+"^^.o g;l*;ro..9rr!*

t C-3, r*,!.r \ Ln'U nS sr*.:-l gS- ."rrL.* d) L1r-4624-it,r1"^y,;*l
;52- .1e- 9 .r:1, stf gL-l't^;- y;t ?a-tJr tf- o*t e1s:t * Oi )l dnts

)b q.;"L; s*.tJi'-rl.2fr ="p 
,ii* s >-J*rsr g' -& E) Gt)* V-3t,*'j-,p.e.>

A,i-:-,,r !.xl :.1. cSl..!* .J$r{-,,rj;f of 'Ke1o af c*l .r&+ eiJl .J-S,r- *;r: ! ir..)
..r^i dilat- ...rolc5r--r; f^ Jt+r ! af .\r L butr:. jl .s2t}:ii .',L, '"a*+b .pt*d bo?r-

*rf-r;|,r. ! L-J-rl g"ttr y sl .eJ l.r* I, J ,sl+r-y aS s b;;- r.;iUJ lL ul-r.,, !
gb.rr-r ."r: Jl&; t ,sn_f :ef r* *(a J:l g*tr * .c-iUi ,tt\.s us) g3.1

9d 4.r 6i-;lst' y.,r, (L -trrj..+ * lr -,*-.rL^'-Lr+, .ur-T,r- lji JL;: or l5 dJ+
gu o* qx qfl+t J5.t' *;-i\ 

'# 
q*.rn b"sy P .,$: gl:r, -[1'2] l"uI,r. l"r

6ry g-rs o*.rtl-r t*t -J51.3- cS2- c*l 3'-Je. 6+ty {i"* 1i aS oal,:*s*
,s sl-r tlry € \sy st,a-c-r* rl y1 a5,r.bL gl: rr ..r** L 1 Jfu . r* € t)lte b-,.rr.

;t-at^aU -u.5 rSf 
"i-L 

!i €st )sf sr.r*l 5 .,ii-r: )Jnd f a?r.:) .9&U *-*

d."- !i & qs, to;T ,rei esjlr t.oatr-r. €e *c* 2114 ;L,,Sl 1-YL .1L,". ,:-l-:

.JrL.* cytr rE;[;ial^aU3 .ti,S.", c.5-,-

aS rrlr :3ry3 JjS*-! Jrl C;4j4))) .r*,"r'pa.,ji:4;-515 +\*1.#;*l qg; k*

,l pl-rSrr Jels..ia.;l '9 
di* ;al.;; .r*e JLr tf*;'-;l (J'l,|;*.} L J.-'';; S*e'



.:*l ,r>rtiJ" #;* ** )tf i:rb ry,19 6 cS-r+ .f+sJ.,, 61L; u t"l L AI L9 c*l c-l:

.l*lrtS* qr_, o-rl-trr! 6

(16)i':r;s.

4l> &J"3"3r ,r--r[5.$3 r& g..,"- '2,cr* rlt2 .c.*l S _rl.r,, csL*L;r d;{rl)r; S

: ,Ra", sin(d - wt) - u,

: Iiucos{d-et). (17)

,l e url l4 -l S < 0 ,r^r, .u ) Rtt ;,>wl g( "i*,rlS.i 9^cr* ;l,r-,;t5; .i.c # aS .'JL -r,
.+"i'rt S:0 rs,.r.

cJL grlr.r,r3,lrt' S < 0 c*l sin(/ - ut) : 1 I &y *.:-l u : fir,,' a5 .rJLr.r
.Sr*;:0:3rJ,,r. ag (17) pt grbl2 j:Q:wttkrlz

S .rltz tf J* ":+ L (17) sr't tc^.- 6eJi* 2>.rfl ..:*l u < Rlr .sL,r. j! .t Jt
* * ti . +i.r !::d) tu d-tfu y {jalrL'rY! r r .r-_r5i;; rlS. rl:rr, l*Of rl,

V-e_tit, (18)

q -r,Jid ,-h.ri (tZ) g;o-r-$o.L g;loaJ:L

5:.Rr^.rsin*-u,

S*: -Sr*r?^;cosry'. (1e)

(r

s+

eJrlr- .f.i ! F'5,srl,rJ,.st+ .rT;) L S: S -l r*,*( ;g* ;Lj a* *.',* pJ 6aJ>V;l;Kl
,'4!!|J.f t:; ,J;lra ,,Saht)ae J"r*lrrr,

t (ffi) + gQnsinut- u) + c,;(/iosinrl - o) : 0. (20)

.)j dJ> rF,.r .,T tSlr: =l*.t Ll c*l ;bt* J**!,a, g;al.rt- .(1 aJ.:t- ul +-Sl
! ,-rjl+ ,,,* : 0 4-baj jH.,.!r) 9 rr:.ol sir{.," :: ul@N) a5 d = d,. 6laJ2^J -2t -tas ,p}
4l ,l u.y^a al ,: .!) : 0 aS c*1l4 (20) J.,-JL.r"r qgraJrlo rl c'.p,.o;T ,>,.9 : ll cos C'.

6 c*l JL q b9,-2n -\- ir*l .lj.i,./ ,9 : 0 cJL o'-l -t: .T : *" t:/4-roL,r. c.-ti 1r ,*1

_,tSi' .gcgla3[ s.r-,- .rb t? J3 t = r c i: B sin f, 1U* + ,^q9t 6lrab g:-t f^ *"-"rtS;
.-t-r.r;16; C rls€t' *3-rtf*i cJ*;,lrr .srs*!.*lt+, q



+-'t"

\ii $a: a1 J-e$.i.ii" gt-r:, 4 &t" 1 6 *1}raa )y -f c$ r\rf^ : \ ,fir
."!:ttt'

n5 -u-i..-o.-J*r J * 
"l 

,s-9-, Lrieid) ."t5.,- ., J.i L ,F .yrJ+ g+Lf, UJ-"-;.:

-+;*' Js*;l u-.r gal a" ..r5,r, t .i.J L s&-> 71,.;S .g3 rrl-u :eay e92l .ia Jtt;r*
.ta] -u pb. \AYY JLr: (o.r"tsrJ b,y 66laf* + >J,et JU. oJ:l .:;Ju.csla;.g

c*l ;L.! l-r.S*,acr-..u*.o gI;Yl65Li" +lt .5; ,56.i,11,62, 'S* t- 13* g,.lrt

.J.i .{5U ll.i* i.,,1 ql-rt ,* eL [4J -,r ,r'? Jt* * .6rty -*i,s L r.e-reln ,fu ,l,tS g ,
b6T e *ii,!rr,!ra p t+ b,r*- +*y,51.[5] ,;*l ,,u, J- -lo, cr&> n €ak* ,iV + bT-fe
t*;T cr,r<^A d;+,r*, tU;:l **, f'ot!- 6..:t+ .r"l! ,A;;. 6** n 

'Sa ,gll.u.l, ,92,

+*r* Jl t" J$ta fh;- 6,s'J*b , ql^urt, 62, l.o.r*- ,$l .:.i-rr. e t ,,-i^b n f -," -tt
..*ts [6Jrr.r,rly.r L bJU* ;ral,'l ut"4 g*! Sr:*.r aa ,r;lp_ra! to;T

6.rl;w *S et .c*l c,L,, r.9>l.r* 6.J,tu eJ rV *i )t.tt lr;l aS ;bl* )l ;i

,syJslgrJ-r"-'.b,rLr;,;l e5.;*l .iT'!.!,.l.jrnC-,8 sbl;l ,b;.ttbq-l'rJl"qsL
q* t ;3i, E V r: ;l 4a ;,Sp; 2" * 6 G): * J tl-'ry t J;S,rspg;hrgb.x*.fa
eL.,-p *5 c*l dl Jl-f-YL .,ue* Grf rrrl-&.: +\t/ ft,.1,r5r.r..../j a r.o b,:L.,

:l Glt-|rr €e3+ dr* .[4 e"it, o.,ab qn'6.r Lo-L.2 6.r.ca.7.. b $ 'Jr>,q(e7
.4-S,rS 9i 2s-rttiu.#T gtoc,L., !{i -F 66yrS ,t,,r.tb gt-o.rr,,r6r, o3lc {.roL.,



1r'
t;

7.\./\

rl,=-"1

t'l
\ t7

Ji tl6;\\^i P- 69- -l\to\, prb'4.,. :Y .!S''!

cfi"-rtS3Jr[S*i 2

* :-*d.[,r- *Il* po5 ,e.r: 4+i,. t) + L ;L;r ,Jr!l,.roi U '-id' 6als*2t Jl
, -{Jx;sii,.r--rts;, 6,g,5 r,"- .! qtt, -i L re'.r-rtS'i e -;15-ii .s' 1t*'

o5r oob *r\: or^!o;l: ,"- .S" gs.t.t& aS c*l ;T;orL* J- ''5.r '.+itr LJI

,, .g.$r-l ,t5;9* et .-rl:gn l, t;,*r*rlt u. o* Js "^:b L .*rlfu +c'* r.sorlJ'il 'rs

9T o1 ;on ,L ,l -(J;j" ,r+, ir-r-t ..r5.r+, cSt- o;a' q+ r.9- :-r :& ;"*1, ''i-''
S;!'.t tr r:-.r .:.tt* ;r;l 9 ;,*; .yT e J^! rt g!' -u',rr' ;a, *;o 9T':-.* r'i't

:: )A €rL, L;3l7 -J .5& 4,u- 3,iT +d q fu*, it^of ; 3)1ru 'u+ -;'e
yk"i: ;-,.s2a g'-l 2;og){.e .'r:.,l: 6-59t' ;Lrr*-L 'i ,r---rlS*i rlv-rl(i e eb

f l$r^ .'--rtK,!JrtS,i,,r.ili d*-.r, a5 g.-tr a;il': r--p 'c"'.; c-t-: gl ,;r.-rt('i9;lil
.t,l> gStt i "L.r, .:rb grrL) rJL +-r.ri,r"rt5ji ul* *0L9, Ii tJ';2lt 5lo7-e+V3^2;'

! !.irJ- +Sr ++.11r,.s.."*L q ,sl+c\a'|S- g.rK;*;!;l ':tr';-l 3,'3,;'raBr'; L

.,tS o,;a:*Ldi-tog*l *;a^.r *5-Jbtt 'sS u>9c*:u
u !."-..rtS-i **cr !,r--rtS-i gtS-rl:ra,u !-1t5-& g^'c2x iR Lrt5i gtS-rlr-ra

,Yl, V ,glz-lr.r> r"^ L .rartsi ';^'cr* )4a .R- - r Lr;T grs'.* 6'J'ali .rl:.,a 'f# e
r,rl> | t; ,! .r--;lSJ' -9 ;[5*i

i=,#.i.
.[-!r!-: LJiaJ:t- a;--: .(; 

".-u$ ":b ,l.t(t) -(, fr ' R' : 
" 

.grJrto t "Lf' alrl- ..1;l

,pd.rn,.*.r-rt*.xl ! J.":'L "t.i'tr.r' .r..-rft;t5' Lgtrai6' gL "$';;
,J5,- c"5e -iL*.,-L; .9er,rt(.b (\



i

i
I

i

i

L

.JS.s. y"i,: b ,\ G?L(i,: rS.* cJ,* #i* ts .s:rr\S* :y .-$i

.S.f d-,'' or;l:.S,- €y.$,;r(f

JS s. &Sr> Frt.- up; gl, .215,* \ . f
gT ! -.:-lr"r;q JLj ;r-l" t-Sr* L-rtfu.*-rtfu,,.;'ytj Lj af rf .u,L cxlJlj-.:_loS-
r;4) 4J r*,1:,.r ,s-rrtr-f i5+*t* tr L &l Jl-*- =l* 

.-ulL .r--.rtS-:i fa ).yt 2s Jl;,* 6_

i1-"'r:l
..:*l r : L ct &b :s t t s-;*.g- 9r rlS,i 3 i.1.. -r, l..r+l >,,r-,;t5*i # el JrU,Jt
21 6hhix9.c*l D ii:.; -&:r,,l ulS-y 6ail3",,r.rt?*b .r*--,t(.i a, .r*,rt(t,rfl
,ttdi o5."1 q a-.y t* .f,*..1J.,. 0 l, :rl*o. r 2p li ,_*.rl(; ,;ort2lsrleS 6rla,3! -:*

)Xs,. ta.;: col usirrd s?rtfu *+yU

.+ 
fo' 

,iuo at:uT
a

.c.*l L l.u,lr.rta..,T €bA.c*lrt(; !.rq;tf*i +*rgl:f S

.r-l .c*l ,S : ,asind - u i,r.al . r&LJ "g

(1)

D : [: usind dt,

D:uT,{

! L t",iT 5aJ"r{; -,{l



(2)

.r,J,r, c*r q T ,Yl* €&1.t, Q) g&1lt tl ff' sinA d, istsrUfb ! 5

Lu
u"-u-

cJL gal2: ..r-, ,r,r15'a & )9-r.o 2ls.tr..*".2&.*L u > u ,S ,;t9'.o "tlg
D: -Yu-u'-u'

;tS- ur b9'r. 66*a;.;- l.t .V s r Jl .ft{ ss) 4J l, o-.rl6-.Jo y 6a.J:t* J*r* YL

r.*-r.1 .r-.t5d

,i : A CrSS9

i:asin0- (5)

.f:&2+*, ? tttt 64 o-)so \ .tlt,-* L'^-!rtS; r'e-, o-;tS'il e-+* $ ,f b.r'
t igi

ta,rrd: H
.ree,ra r+*! (i) a;taaL!;l! 2i: 66.jKt+: oL-, + + th.,t\ Jrl)lcSrfuL

- L-rt
u.cos9 = 

-4.
crss0

,,r--,,15i -,3,-"-,[-,r-,,15-i ';n * '1*t-] cdi q t+;*tj".*g r-s>fur l.+ L "hL rr-t
c*l ,r---,1(l e .r* ,Flt $; gl:-|', ,: ,5 ;rl, ^if-r 

p rlv : Lr - v

S: -ll : usin? - u, (8)

,.:-l c.r * cl 6d* ,1ilrJb rs-ft>:

S0 : w:-: ucos9. (e)

.rl .:t-i;-13 6 t,t {t* ."r,J.rr (:,r 4, (7) ,Yti ,ga\|, t: S : (L - r)/ cosl t5arl.rfb t+

).1i.f ++++ (9) J (5)

- ": f' as: ;['{,*i' 
g - r;) dt,

d* u(L - r) [' u dr' - fu aF,

dd 
: 

,, cus0 J" ;64- Jo .""0''

(3)

(4)

(6)

(7)

(10)

5i. 3 e:elii J ,b ,r ',1 .s JJIS:tl L



4-wt

.JSs. c52- .roJr .5'_ g9-r_r\5,.1r, :f .fS-i

tano:sinh 13r (*)] ( 11)

,-r* .,;*l sr-_rlS,i,ro.. y-* tand Ll

#:,rool;'"(*)]
:Il(*)','' -(*)-""f

(12)

(13)

.r,-T,r.,:*: * y(r) ^!lt al ;l,ej llrKrl L

(14)

J;S{s. c5.2. Ub .(, fi-rKi Y.Y

. $.*,5_* c4b .gglr,*e[ *-* ) 
" lb a; 6loruls g-t-r -,[it 6 r.* r-eS

;l,:-l .rrtns rt(* ;t(-rlrr1

R: R(icosr.rt * jsinc,.,f). (15)

j+ s+,;tS-i -i ug ,o grojlJul .c*l S : ft - r Lo;T 6.-r..6.rt5.-rb,,'., -: r ,r-,rti& 9l(.rl:r1



.x.S.s"':5-r- or,Jr .t-l-, .L-rf(.;i, iis.i :A 
"[5-i

1rc il_e> s J-t- ,y V r r" dp t Jr , Jl.i4 f+5 c?st l-t 1\a q;ts2l>cS! rstl+ YL

.t't*t -r-: YsP * 6J-i* 7 .'l.-$i.r itil 'q -uL1

,9 : .lJcos tl. * d,

r!.t: \b"*e. (21)

y* t Jsl *--gb-, (21) 3 (19) rl orU-i-l L ..u,..t .5-;5 e 3 d .:*l r' * re s t x t. &s
.t)€ l-u;I glrl ,;, ditral:t- \ e t i

d : ella'cos.9.,

. 6w * e,l?rr; siu 1';"- Iicos U..

,r,i.r..:-: +5 qlt 9.Jr 11aqr' J1*;pt

i+ota,C.6+r,;2d=0.

t22)

aJ;L ,aJsL Jr ;rl-J- li

(23)

;ral ,96tlS6L L 'gJ.s" vl3'. il3,r- \l-s"o'!5")b 'aJ;lo '7\a 4sv1 c*r a' gf"
.r*.is+ co.: * U gly tlsi-:) .:l-:r

(taovi" +\/t*t'r1" 4
!,p,: -t (24\



.jU.s". +.er-' L 5 .u:.-r C$v;:Y\$3!*:^ *.J:" "S-.r\"j, gr-: a5 ft 44i :1 .-f5,:;

..\:5,.s" "-j$ !_fr,rr"

nlrT ;t Jl,-& .d -+ 0 ;L, iiij5 ! eo .-r*i*^.o Jr- t$-b?dr"l q;.rrr" ..g*r"J- ,-r-*r
.J5rr. J* t : .r'" J+ : {.- g* C Vb" C*l .r*it+ r'* T.a s .? x V. S,*S pi

Cltof y"Jrd 3

o;i a- eJt- \.f
,.o af *:*l Cl*.r9 + t J *t-r- ."r*.o,rs)DYlUi-rL;"'ib gb,.L er-s o-t> * # ubS

sr . )*e. $+1[ udt g;4,1,r,1 a or! y' cli eLJS cU) .,t . J5*. ..6i- L ,:- .f../+ go;! ,511

..url;r!i +*l;*furS,J 45 65$ {A*b\lg;3t** +tL.sb.r"! g)-t oss o* oJi*J al
;l rfL Stt ojs a* a5 ;J:. 'rt.;d 1 ;fS;rr {r}a{^. ..;*l ur;,- rr *J d"k o{l

.J^*,.1 f.6 * c^!* f n,: or! e* 45 drrl b .:3,*,r. .5-"rS9 ,r>.,;,r. -r*"-r

J-aJ c.Jj.)t4 * aS ,rL;-. Le c*l *t* p*lrl .,S.{ dL-trr or!r.o **2,.t,
.,.*r**lt .o,bi eLK;*t,t 1r,>,s-r* g l,^i+ +*l ;6 .:jL.r a: r/6 g*21, ur\r-o 4,;,o"

r: -ucos(})

rS = usinc. (25)

.uj.r. c*, *0(t) :r(*) toeJrL ir*l;l



.,ri-,7.s. .:*. elal 6 ,ggt\ r.r g;19;a* sLsl'efr,*ii,u ;Y .|5*i

r(tj : 6 - uco$clf,

p(ti : ta.'o rn(-*il) Q6)

,jal:to -e.r 15 c*l al -&t "L ..(; .r*.rlT cd) AJ;*j l, r@j 
"a* 

g;J;t* f"lt.r- t +j- ti

|"t5,,*- e_t L (zil

- -cottr d0, + r(fl):4ext1-dr:otcr) Q7)

.{,r. c*, e, T taL;l-,|3 c*l r(") : 0 .ri*r,r. e C .>L; d .fL;
d

ucos(}

*,-I;.fr"t: c,l!;, glr',.r 'r:*,s. i-rl4.r* 0 ,T ;Vrr> 'S c*l.ro QG) S2: d;aJrt*)l

*t -b \ &-F* 4+1; arl ,;*l g5* .*lo*^;r- *J* rft" ,tt a^i; i+brg Jtu2./ la

Jt .*.*t.*,i, .'.r! c,!! 9:3ry 4g g&"Xt eS;l -lh. orlr',*L a;.*t 4"t *q J
-;t 3 +*l jte J'p ':J* jt";l ;!i,al^ati 'r;*:rs. fib ! c'Li o.ir: f.-.s.e .Jitl J.i ':!i gL

.>rl.r r3}* ,gtlsi- 0 ao ci.r. .i*l

66l4rt;^s..r*|..:Ji "!,,s 6 o)3ryr..rb:) ; i* *5 c*l oI-&, .J;o)t-,oL .(3

osl> -p -l.r-9,*.r- .S..-yf Jz.ii 
^5& 

>r2o*rfi, &li; --9,;rL;,lr.t -a*5 dt,t 9itt'0
.)3DLf .(.1+ *l {:itj of c}L f/4r u cosa t"o-"" li ur*lt b,9s-,

d:r
,r

(28)



.1 gb"r"L €s,S,.rulr9:iY,or!a* rS4+5l -s=rfS a)LlYlg;JLr' 'JJ'el''-
.r.o"r-,F nf N ia t't? q (26-28) .5LoeJ:L,r: c*l i6 'Jr'l'li ,-L.ii' g;.,# A*

r(t) :

0(t' :

T: (2e)

.c*l *,i- q&r-r Sr U ,.'tr .r,.t oU at

l,o*jbrlx 4
R. P. Fe),1rpat Surol,g you &7e jolczrtg Mr. Fayrr,rnurt. \,\r. W. Nr;rtotr & Ctlrnpanv,

r98,

G. S. Rarrgarrut]n Wh'g is art, unt's triul sttu,i,ght? ptoblem,s oJ pur$ttit. Resona:rc.:e

(1ee6) 74.

E. Luc:r,s; ltlouvelles Corresporrdance Nlathellatique 3 (1877)

H. Brocard; Nouvelles Correspondiuce L'laiherna'ticlue 6 (1880)

A. \\ratton. D. W. Krr,-{on: Arml,gti,cal aspects of th.e N'h,ug Ttroblerrt, Aner. J. P}r;'s.

37 (1969) 220-2'2t.

F. Behroozi. R. Gagtlol; c,gcli,cpur.s'u,it in altlartc, J. N{at}r Phys. 20 (1979) 2212-

2216, T. Rich:ydsoll Non+rtnt,ual caqttnres i,rr, cgdic pttrs'Lt'it, Annals ol N{atheura,t-

ics and Artificial Intelligence 31 (2001),127-146, T. Ric'trardson: Sta,blt: pol'ggons of

cycl.ic pur.sui,t, Alnals of Nlat]reuratir:s a,nd Artificial lrrtelligent-'e 3L (2001).1{7-172

J. A. N{arslra,ll. NI. E. Brgutke, B. A. Frzurcis Fornr,ation o.f teh,id.r,s irt, r:yclic

pursui,t, IEEE Trausactions of autotnatic controi 49 (2001) 1963-1974'

d1'-ucos(zi/i/)t,
I an

tin(r/,\-) hr | -;-.*\../- ,--- 
\d," _ ot.os(r/N)t

Li \.

;*r(r-AJ'

t1l

Irl
L'l

l3l

t4l

t5l

t6l

l7l

") Feynttan, 't) Luca-t

uPV -.lL"l


