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. KNEADING THEORY AND BIFURCATIONS FOR A
CLASS OF DEGREE ONE CIRCLE MAPS; THE
ARNOL'D TOMGUES REVISITED

.____"Tn__;1'. In this __aper we intcoduce tlle k_leaclill6 theory devel-
o________ t}_' ._lsecl�  a_ld hIa�osas  iIl l3I to Jescrit_e _irurcatiu_as ror a
ge__eric fa___iI_' uf _inlodaI degrRe ane cil'cle Illa_s __a{I preser__ing
ur ie_ _ t al io I_ c i rcle_ hun _eolllo_' pta is___s.

l. INTRoDucT_oN

Tl_c_ In�__  J,,(._;) �  _ + _7 c_n he seea_ as lllc sll_cr__usitian l}r two

_JI_y___ (_r ______ c_F tll(! c)_('ill_tor_ yrter tl_c _Jt.I__'l- I__s _lo_le t_ll_ as{'ill_tin_l.
Tt_(_ t.c_l'I_l '_L_ _ EU, l) 1-('_Jrcsellts tll_ r_tio uF t,tlc t-rec_l_e1__il!_' l}f the t__'o
u_'c: i I lyt ()_'_,.
)_'tl_ __ Iu is _n irrational numIJer the _notioTl (_F tt_e sy_ st,e_Tls is callcd
___u.__ipc_r_i_rlic _llLl iF u1 is a ratiol__t n__lnl)cr ttlcn tllc n_utio_l is callcd
JI_riorlic.
TIle I_lorc _rl_cr_l __l__

(l) _b,w(_) = _ + 'w + - _'i_l(2__)

___l_cre ._ _ _ an_ (_, __) _ _+ x_ ___as intrucl_lc'e_cl t_y _rnol'd l4J to st_lcly
ttlc_ betlaviou_- c}f tIle 1__otiun c_F tt_c systeln __'tlcn a I_oTl-linear term is
a(l_lerl. TIlc_ r(_.__lltant _an_ily of m_ps h_s ).)ce_l us__d to stll_y somc
__al+iet)_ oF fc_r_'ecl systt!nls wI_ere tllerc are two _+aln_eting _rccuen_;ies,
rur c_aln__lc, tIlc casc uF a sin_lsoicIally driven _enclul___n.
Dc__ellcli_lg _}ll th__ r__nge oIl b, the famity of l__a_s have _i�ercnt  be-
Ilavio__rs' _vllicIl I_as b(_RIl consider in tIle Iitcraturc (see l_J, El 1l, _6I, ll5I
_JIlcl _9I).

l99l _(alhemntics S_bjRct Classi_cation. 58F03.
Key uJords ond _h7'asRs. Dirilrcatiuns_ circIe nla_s_ rotation i __terval anJ symbolic
cl.t' I__lnics.
Tl_e a__Lt_ors has _eell partially supporLed u1_der DGYCIT Brants' num_ers PB93"
08GO and PD_5 -lUO_.


