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accepted for p,.fl:,] i.cation, 5tabi_lity and Appl. ied Analysis of Continuou.s Media
(wLtt_ I).C). O]agul_}u)

I,l,{themati('.a]. nl_)delit'q% of SHS pr-)c(_sses", accepted for publtcatt_on, Proc.
I_l_t'l Co_lf on SI!S /\]ma..At.a USS _ (with K C; Shkadin_'ky and V A• . _ _ _ i ..... _ . . .

Vo l p e r t ) .

"Stab ilit:v of piano, wave _.;,:>]uttons of conlpleN Ginzbur'g-Landau equations",
accepted .for publJcat, ior_. L2t!.i.!r_t........A__t:)..jk.......tJ.£LL.[__.(with V. A. Volpert).

"N<_n]ocaI ar_iitude c:q_ations in reac. t. ion d.i. fiR.tsion systems", accepted for
p_blicat, j(_n Iq:_tlctolv, ,_r"_¢tColnt',,lt:,:_ric, l_;_] Dy.namic._.; I 1.992 (with V A Vo]pect:)

"Non] inear dy_an, i c::; nii ce] lul ar t l ame.:_;", fi!B3:kJ .___A..p_p]..bIat:l_. 52(2) (1992) ,
pp. 390-41'5 (witt_ A. P.,,'_yJi..'-;s;).

"Combt_st:ior_ _;'.'_ttl_,,s].,; _[ ,"_poro_._s iayel:', accepted for p_.)bl, ication ..C,p__mJ.2.......
):_.:;.':_!......£und_._.'i'__%,'_).(witl_ F.. Shl<adi_s_l',y. 6. Shkadi._,_;l.,aya and V. Volpert).

"Se ].i ..r'omi>.act:i (>_1or e>:pans ion i_ combust:.ton s;,,,nthes is of porous 1.ayers",
accept:(_d ft, l: pub] ic:,'._ti on _(i:£!!l)2-._S.'_qki....._K__!_..'.]'_e_?..h...(with t(. Shkadinsky, (;.
5hk,',dir_.'i;k;-_v;_ ;_nd V. Volpert:).

"Two--front tr:._,v_,li__g wave,s i_n flit:ration combustion", accepted for
t,ubllc;.ttion Colnb. ScJ. a_d "['ech. (with K. Shka¢tit_sky, (;. Shkadinskaya and V.
Vo]pe r t ) .

"Sl;_wly varyi.ng f_ltrat:ic, J, c:ombu._tion v:ave.,.;", accepted t!or publication,
Furo. J. Apt:,]. Matt_. (wi.t:h 1'I. Eooty).
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vc;,:-_C:_E]'OI1S__r: :'._".:.i. _ :" _"" ' P< :I ]i.'I _:, ,:':,:_ 1:>__;:; tr,::,:_sie_tl)' .stat)lT? il'lt:o a regiorl ',d_!.ch
would cL, rre_;:.or, d l{:) i_;:_I,:::,!:,ilil'," i_ ti_,:., ,.,l...'_,:.]y _;t:.:ile. (_Re c()rlsequerme oi[ or.:;:
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t'(_;:: _:::T _: ''''' _ i I ':' 1: Ii _':<I:1r_¢I' _S( {! S" ''' ::' lt _ i ]'1 I :_ , ' _i' _ ) ;:t_.l:tl)'t.Jf.,'_lllj' Ct(_EC'I':[.t)e receD.L _JXl'i,')_-lT',_l_iI;I"_t_'7[ 1
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: r::.',,.:',,: il_,:, t:!._:;t: :f r,:,_ i_:..';_c:.i,'{' _; t),'._',,In(,i,.l ,,;a!u_s below the crit:i.ca]
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:,_{lt!.:'_.i_,,'_ _t_:; <?I t:}_,." :,',:::,'ill _:'..'¢_]",'( " _' ti:+, i:_i[tl!'c::_lC'.d :.st:at':', _L,e. t:O t+hC-

Y'.:',<::,"tl.:i]_#:, t',I",i,,,P:_I i:,)', ::_:,t;.c:. !;: (,if' li(}i,i.iIIc.:il" tii"l,i].VS;i.':; Wt' cal_:ul, aLe the
{''_i:" [ } ] {{ : tl {i(:_ , f 't'[.' ]_..[['[1"_ { " :'> ' ,' { = '_ ( ', I ' [ : .1 (7' ' :' ¢. l ,' [q _ *' ['ik' "})I".'/_),:i_._({ t i "_a_', 'il)_..l'i Sl/lt {:_'.i.ll_) ['Y()I'lt. , li ]:'1

u¢i(ii ',. '(,n ",,,',: d, !r_c;:'._ t _: _.' ;:_;_3','1 ', .:]] v t.i,,:_t 1.:]_,_ r_le;.lr/. ",'eloc:fl:_; of: (:the o';c i. 1 l,:_to?'),
./

._.'_ :,'.:, ,'., ;i ,,.',:l i_,. _ [._:_ - Th,' _:_._,_d7; r_,.._ : i\,e-d ff,__.;;\'o pr'obleul for a l:orl..
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'; <:::,,7 ',:: I::_ ....4 i'.."_ :i:!: '_J' i,":,::,_ i,' 1,:i:.t_ ,"i,..,',,'). 'i')l,.l_-:.',w_:, are ab],:, t:c_ expl,:in
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[+__:_!L_.))!.'!£:.3_".F._._i_t.b:t!b..'..t!._!.....EVc L.O2!5,.t)./:.;.....t::)..:'kt;.e..;/ - ']']_c :.,(::,_'()_,:t_ Fy i,,__ck:l ii1/: 5 o_ re,: l:,t_+:,._,.l _i."
,,_.:l:!.:li,." _"_].,,.lt_'_ i:: :.ttidj. od .'_.:, ;_ [_rc, l"t_.m (;! _,,;'_cl;iv.,/ l.,fttvl,(',:it:[(_t:.

i.!:2._L::._;_'_...:(t/:u;'..._:"__ i,--,:_:::, .;: (_,t_: _-+,lc ,ii 1 l,,.c -.n_i¢:l e_:_c_L:io_:::; and apR; i,"at:i(,_:_; .-

::i.:,.v"_v i_(.,:"_-1)._ ' i,_::_:; _:,_t A_:v_,l,t_,'.:;c:; }._, ld :,,t tt_e M,_th¢,;+,ttic:s P.e,_earc.t_ (]er_t.(:l+
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',". F,.:_-"c::t. .,'..,,,..';:_.i,.m.ic 'i,:_,:,_;, N_'.w Yc, i'l., 1980.
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+ ' ++::,:',."!+],:" !;+"li,'+ ':+!ii Jit:-;t-:',l'(l_."_ /':.t 'ht.'llitt':; ]':.+I+eLiCS i.'; st:+udt.ed. The

::,.:,_,_+.,, I_;; _.:.:i_it._T n,tt!,.il,.iicitv, ,:,:,1 :it i:; ._.;ho',4t: that a ,;ut.tab].u choice off

1+:_:':,+',+,.':,."¢.. ,: ,,_ l,.,+_: t,:, ,_+_ tl+bit-.j',-_vi].,, , ],,_-+:t.P tt:ttnb¢,t- o[: so]ut:.[or::_.

,,,e+...m_i.",),;:,tn<_de] (let:i.\;"edby M:_t:l.c<_w:;l:.y

{' ..... ] :_:'1"1:'I}:':_')2"::1:_' " : 'I )1: (11 ] t m : ' t (' ;' ' t t ' _I ' st_:i.)ilit.) :,f. ;_ uniforml), c':_rved pr<.)p,':_.!,at::t_i:_
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' _ _ _ : 1: i _ :: ' i _' 1 '_J'':+_1_it'2: f:'_" _1_(:'fr''t':ti'+';g+'U''+tC:'rtI::+_t_ Crit:i.<::,'._l.value R :4her:c

' +,:' ( I .:._ [ ,.';: i ',+,:: "1( ,q ,:+T,. , ..:,.?(:,. ,'l, (1, ])(: l'LUll.Jzit:[or:.<5 of: {lh(, _.tl:l: [!o12m [t:oFlt: E_.\r(llv(:_ t2o
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...... ',t.('_:. l,tt+iol:._+:u+.:dof l+x:,,btnl?(uttldar.y
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+ 'r'', _ [ t : [ ): : , ' i '1' :m + ' : :: ...... + l I ' ...... " t ([' { ' < + 1.< J('t)+; I

.................,:.:!....I." _.__ i:_.+ _V:._,(.,o_.':;(.:.<_l__I_':_t.i])le rnixt:tit'e V,,

" + ;''_1"''r_'::':+ ":':'':'':"')'''I:::'':I....+_+_+:''l'':'.':':'''t'''t'bV I''l::I':I':"_'vshv.-- " +''r_:dSivaShinsky f'Oi'

,'it,:!++:',.::+...,.+,+,:i:+?:.++++,:+"::;_:::':I_¢)',.:t_+('i',:i::;t::r+t,:'(:[ +: pu l::+at:ing f:]ame frottt- irt

,.',",;_1.:4::"i ,,+:+!,:-,;,.. ..:_,],,, ,..,,<,.,'(_.":!It:.:li,'.,+'+(.)|_(_-.:._tt:]_Al?'_:hc:,ltjt.t+...;I'oact[ot]. bJe show

'1 .,: '}.,:,+,,.:.-_.,:.!+_:;i:,+:,I :vis, <_ ,_:;,_ + im¢.... I>eri<+di..cl:>ilt.trcat:i.ortfrom a

::_i) l':_':':+:t'"' [ '1 : ) _ ...... + ¢ ' t _ + _ ', + "} _ '1 ] _ + tr _ " t ': _ _ :': + ' I * ` " ' +' : _ t ' _'+ i : +:_ t : t-- 1 '_ t" _ l ' 'f ' _q I[ S; t:Lt. lll)¢','l+" I. O.XCO+e(IS i-1

t i :: :" ,I ".',.:_ ! !:_ ]. ' I.,, t:ll_'[_],'_ll(:'Il+Ol'It:I)(_<"Ollt(:'.+..;l..It£.¢.;t:,:),l)]_(_ alIcl
.." (,

": :' ::') I"+"/. ","i !':'_:; ''! ' ' ':,,,'),t (:ii! ('','(.'li_','(: _ (, t}_(.+p._/:.+;nt:.!r:g,s t:,:3t: (, .

'.:::.+.+b.:_.......:...').'.:'.:'..::2.:_........':.':::':J.::,.t::2t.J'2_.!...!.:,.::__(::./::A 1 irt<:,,-_r.+-_t..;tbilit:y ana'l.ys£s is;

,,;.;:: ¢: ,, : :,,: _;_., ,', t:::,il: .::::_t_t],:.l it..), o[. ;_ :ior:,:,:liabat. i.(" dowrlwald-
i': ,:,_,:',._.i_ :. i,+_: ..;_,f.,, " f],,_,.,,. [;_ i:.: ._:[_:,,,.,,_ t:ituI.: .i.[ t.he m_le,:.'utac weight, of t:he

:,.:[:":, :, ',.,.,,t,::+"J ,,+,(::'iet'_ti,,, <;:_:,,I.I.,t.h(.:_an incre:_so i.n l:,3at:: loss m_y
:, ,:i.,_ :....., d,.., t ,,-,i> :'",.:',. !,,_: (,f ;,:: ,,::i,!?,,,+t.i,al[v .<:;t.,_bl(-, il:_mo (i.e.. a F_.;tne_ which
i :.... ;: ,:r..!(: i_. t }:: !!,'JC:I_((- 0_' )_'/11 ]()5.:'.,_:'._.:''_, ,



L!i_,_,nva]_o'; c,* t l_o t>,kl:er-Pla1_ck o_<,.at.or ;_i_(1 tlle ap_t, oac|l to e_:lut.libri_un fox:
_!__i_i2:!!]!j.5_s)__ !yf',i_Z.!ti_:.!Z.L..i;!!......!_j_,L,.]_J.'i - We _.',,:Itsi dc _ the motLion o[ a Br owr_t.an particle.

:irt an inf:init_:., poter_tiai tfi<,l.d. Tt_e r_tt,:, of approach to equilibrium is

do t:orrni ,cd by t}_e ._.;ecov_d eigoYrva]uo of ttlt-_ stati.onary Fokker-Planck operator.
Th,._ i.',_':e_._;e ot t_is eJ.ge_v,'_.iue is lhc-, t,'.;pected tinle fo_? ttle potential well.
'TI_: ]_,ight c-f ti_e ]argest potontia], b;_:zTier is termed the. activation energy,

and t.};e _.igeu\,al.ue i.s cc,lnf__,._tod a:_vmptotica]ly for large activation energ[es.
/q_p]ic,,.,tions t,_ the c,,lc_.]_tioz_ ot ct_,l_tical reaction rates and ionic

colld_.lcl._t_cc, in c'l:",,:t;tly; aY,/, _i \'_) ..,

.!L'.L_J_::_LtJSZ__v..:....i_._L...!!...t:.d-_U/!!fL_.i-__L::)b.j_I_L:I::_'_!._>.!:f!.!:iL:::AL!:i!_.J2J-_O3JcL_/L.Ii_____._!_e- We emp 1.oy a mode 1. f o r
,"_:_ edge.-"c'oled fl;_' flame t,urner to ohtai_ expr_:ssions for the fl.ame speed,
I:lalnv-_ t:._.;l_l:,eraz:;._._e, ._;t_ldc, l!f dist-a,,_c_, a:.; wc.,]] _:_ the quenching di_stance for a

pl.:._l:_e f].,'_.me fr_ntT, l:;'(,r ;t _.7,_vc_l-_sta_:-.lt,ff di.:;t-_nce there is a low- tempera t:ure
as; well as a t",igh.-',:oH_p_rat_re solt_.tio'.'_. We sl_ow by a linear stab:fifty

cr_,".,._,,,:;is oi t::ho i,l,'tne f:ro_t that tl_c...., lti_7i_ t:on_l,erature solution is _mstab]e
',..'}_,,II tl;c, I._cwi:; ilt:Int)e_' i.{ .....,; ,ffici_!,ntly l ,', tr , c,g atrld tl_e i_f]ow veloc:tty
s:_tCi.,.':i_:.nt]'; 1_.,.'-.";; {l_g,n *I_' ,qdiab_t. ic tj. amt speed. We also show that this

i;_.s_::_.,}:,.i]!tv i._-'. tT|lo typ*:_ t.l_;it will ]ead tc) a 1):ifuz-cating tt.me-pariodic sol.utJ.or_

,h:,scribi_f.; e_ pu].._;,:_t ",,_g IlaHl_.

k:!:_'..eL!C2U___,"?.Z_'.:.._..:!..!.-..!J_t.LE_¢;__(2_F_.I:'jI)..L._J.{._i_!_L;._L-!', a t e .s A pe r t:urb,_ t i o_ mo t:hod i,_ used t:o ob ta :i.n l,

_; _'_,,,,; cla_:;,_; _,f. ]',,..c_odic ,',_tions for the I_onI_i_ear vibr,'..:_tions of rectangular
,..;,:_st.ic F,lat(,,,. 'l.'l_c, ,t\'n,'._lni,: ",'ot_ Karyn_ pl.ate tl_c,c',ry i.'; used in the analysis.
!'c_17.i,-,di<, soll.,_t_i()l_.,:, l_ift_r'cate at: t t_.,.:-,narura[ fr'c, qut_r_('ic_.':; of free vibration of

,])_ i:i_c,,_',,ized l._l;_t(_ t!-_cor'y. 1."h_.; new solutions bifurc,._t:e from these peri.odi.c.
:.:,:,it_:._,,z_._;. 'l'}_._s th<_), aYt., stiate:; of s.;econdary bi. ft_l:'catiol-l.

"']!_-,c, rv and APt:_] i,',:_t::i_,__:, _:f ,_'i.r_gular. t:'ertu_.b,'_t:ions" .... (.;onf Proceedings,
c)i,<._.:.,,.,1 £ach, 197,1 , 1_!.. 3] *_-.345, td. '.Q. Eckl_E:t_:_a a__d E. M. DeJager, Springer
1.C_'I_._.C_, f,_ol.c-:-; i_ ',.!ziti_'l_t/:tt:ic:s; ¢;942, S!,ringer Vel:'lag. ::

=

;5:2.i).!..J...(LI.....L__il.!.2.!':-;.:.__.U:L!:__.5._',.':....._i!__:).s;_r,__t_:._.3'2.!)J._..2!___a__:! :_t a b t c, s t:.a t ,._.s a s b i f u r c a t i o n p h e n o ,ne n a

Tt,,e fr_rrn_:_i:io,_ c_f _ydc::r'17>, , ._:;tc.ady. :;t,atial structures in rf-heat:.ed p].asmas
i11,-'! 'ilE_','(-: Tllce(.'i:_t ,:.!1)}(_ Sl..._il. (';:; .i .% ::;l.tl.C!J (_Cl aS th,' de,,,elopl_ient of an instability of
the so'.l._'t:ior_ <,1 tl_e r,._,,:"-*i¢_ ....:!iffusioz_ equatior_s for the plasma species.

.}:']a,;_:_a--:.;p_:.cS._.,.::; (_._]{,,:_ r,:,_ts, i,)_s, ,and :netnstable atoms) source functions are
;,ivc,._, in t,::_-_::e; of t.i,,:, ,.:.]c:,ct_.c,n e,_erg,., dist.ri.bution in .strong el.ect-ric fields
AII,,t c:,i {llc VgilTi,:,_l.q coll.]is'loll _.::_(_,,:s; sect:io_t:-i. Methods of two-time expansions

. . , _..t; 1.() (' a Lt (?.:._,, bitTtt_.<c_t !or,, lheol-V _,_-{, u:4_ " lcul 1: the normrti, f!orm states that:

l:;i.f_'cat._ t.rom ,he _,n.stg_b!e uniio_:,n ,.:;teody s;t.ate for straight and t.orotdal
t_t};c,:... 'I,h_. ,-',iuttsoi. rta t d,..,,_s;.i._;'¢ v_,,i,,_tion:; give the di_;charge the appearan,::e of

• '"'_ .. pat;t ill +g]_,',,*:ing :,._:,l].._; ,::,f L..'._':;. _i._; t, ,_,,t'lnatiot_ is analogous t.o the
_orpi_,_ge_e_is; t.ourr:i i_, _:c_._-tain ,,'i_em.ical re,'._ctJ_ons and biological, processes.
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S t:o a c',y__._,r2ct_ji! kL.!;:J.a __2:Li..__,D2__..!)3.9ct_,'._$!_q.:/../ic2.2._.j_)(2.n_t2j_.ikl___f,[_..a_!nk!._t2r__,:2.._;.:ga t i o n -- S t e a d y a n d
p,.1]_;_!;.if1_In()_.iOSO_" f1:_FI_C.'pr'()pd_7,zItioI1Ihl.'(KlPh i-iI>Ye!lliN.edcoII1bUstlb]e 1114xtU]L"e..... . . {.) -.

are stud_e(J for t:lie c,_se in wl:lich t:,tl(_ f.lame [s chara,'te_'ized by tt_e .,.;equontia]
proch.,.:,-ior_..... and deF, l(,t:it._n of' a .signifi.cant intermediate species. We employ the
me ',-l',,:.>d o!" l,_tt:ci_(:d asyn_f:,tot:ic exl>ansJons to &,cive a model va].id for large
ac_:ivattou (:-llergie.;, and st,ow that ,:he pulsating solution is the result of a

,._:z'perc:-:i t foal tlopf bi ft, rear £on .from the s t:,:.,::tdily propagati.ng solution (which
}_comes uns_-a!,]e.). :[ltru_lgh ,._ no;til inca,: bifu.t'cat:iorl an.al.ysts, we calculate the

p_,.lsat, ion amp]._ t:_._de and (_ther charactert st .icq o[ the flame along the
bi furc'ar.ed 1._rallc.h. lt .i,_; shown tl_at the average t:l_ickne.ss of the pu].sating
f].ame, by whict_ we me..ni the average e[fe.cti.:ve separation distance between
production and depl._,t:.ion of the int.e,,mediate species, i.s greater than that
pvedicte,.l by a st:eady.stat.e t:llc:ory. It_ addition, we firm that the mean

[,r_,pagat. iola speed is lt:'ss tt,an that of the '_teadily propagating solution, but
t:t_at, tlle in._.;tant-aneou.'.; pc:ak ",:oncentlratior_ o{. the intermediate species i.s a
consta._t equal to .it:::.; :;t:eady-st;lt:e vi_[ue.

'I'l:'a ve ] ] i n_g_3:L_]\_'_':, a 1oi_j:-JOt.L_.[-;LqPt:LtT_9..__._!_])tl] sa t in ,.g_fl ame - A di. ffus ional.- therma 1
model descr_bi.ng the combu_;tion (_f a premixed gas is considered. We show that

c._ unifo,.ml.y propagat_ir, g plane flame :is unst:able to two-dimensi.onal

disturb;_nces when the t,ev_i.s number I, exceed a critical value L . We employ ac

nonlir_oar ap, a]vsis to si_ow ti_at: for L > I., two types; of solutions bifurcatec

£rol;_ t:he unif"orm]y prop.'lgatii_g plane f!.ame. A linear stability analysis of
'he bifurcn*:ed st:ate:-; shc;w._; that: the tr,'._velltng wave sol.utions are stable and

the f,u]sat_n_:, celluiar so lvltions are _mstabie. Our analysis also shows that
lhe average speeds of r',le pu]sating so.lutions are less than that of the
,lnil{orm].y pr'opagat_._g t)]al_e f].ame.

F)iiftisJori _cro_;s c)_r_raet:eris;t-ic _|2_o.LUJ._.JO_I:jJ._.5" We eons i_ter the motion of a

part:icle a(,t-ted orl t)y Line detc..,rmitii.:-.;l i.c f.orce vector b(x(t)) and perturbed by
randoil; fc>rce.v of xvh".,.e no:i.se tT/i_,,:_. Such ,', t)articlc., will l.eave any bounded
domain [_ in fir_itc: tiii!o. We. (.'onsid(,r t:l_c., (.'.ase where: ]) is such that 8fl

c,.),_:';ist::; of a trajc_(.tc_r)' r,_: t.r;ijcct.(_ries of" t.he system .__ = b(x(t)). T.bu,.',; we
coils[,,:ter t::}l_., (:_isc_; c,t: ,'_,1 t!Fl..7_t:a})],., l_mi.t cycle, a closed characteristic

bomldar 7 with cl'ii:fca] l,_.,int:::;, and a ce_t:er. We observe that these problems

are suc!_ that I..,i._.;n_;t d(:_'ivab]e frc;m a potential. For each problem we derive

e:,'.pi.es.,-_io_sfor (i) the me;_llfi_rrt l_a<4:i;ag,::_time to Ofl, and (ii) the

probabi{ity distnril.:,uL:iot_oi exit points on i)fa. Our method is to employ the

Ito ca]culu._'_ to c.haract:e.ri"e the q,.i_mt:iti,e:_ (i) and (ii) as solutions of

sil_gu],'-_rly [:,ecturt_ed el.]iptie bout_dary value prob.lems, and then to derive

aS)q]lpt.otic repre.'-',ent:ati_)n'-; of t:I_e solutions of those problems. The results
obt:air_ed ace new and are of. :importance in a variety of applicati.ons including

the. est {marion of ..jump ii.rees (due to noise) f.ron_ stabl.e periodic sol.utions to
or:her .:<-;table solut:ions of the d,eteFminiestic dynamical system.



A s i1!_ a__K_t?_e._K_tt_LK}2ZL!._.5__U_;___12roach t o Kra,le rs ' d i t:fus; i.on .problem - We cons ider
Kramers' diffusion problem, which seeks t:o calcuLate the rate of escape of a
pattie,le from one potential we.II over a barrier, to another presumably deeper,
and therefore more stable we]l. Though Kramers i1_troduced the problem as a

model, for chemical reactions, it applies to numerous rate processes including
atomic migration and ionic: condttct.ivity in crystals, and transitions due to
noise between stable _:;tatr_sof dynamical system:!;with multi-stable states, to

name but a few, We tel.atc:the rate of escape to the fi.rst passage time from

the domain of at:traction of tile stable point corresponding to the first weil.
The first passage time is tI_(_ncharacterized vi.a the Ito cal.culus, as a

solt_tion of an e11iptic partial d:i.fferent.ial equation of singular perturbation
type.. Finally tl_i..n equation is ._;olved asymptoticall.y by methods previous]y
develope_l by the au{l_ors. _.qe obtain some r:ew results on the rate of escape,
,:tlqd i.rl actdi, tion discus;s tt_e validity of t:he various results derived by
Kranlevs.

c_,._.y!e2_.'_!L93t__z][..._j..r!i_,Jd_n_2e__til.)_Lgr£_- In a recent paper ).latl<.owsky and Sivashinsky
employed asympot:ot, ic me.tl,ods to derive a simplifi_ed model in flame theory,
from t:he general equations of. combustion. The model was derived under the

assumption.,s of (i) large activat:ion energy, (ii) closeness to similarity, and
(iii) weak thermal e×panskon, and the re.sul.ting model was associated with the
constant de_si, ty approximatioI_. In t:.hLs paper, assumption (iii) is relaxed
somewhat: and a more general te.mperature dependence of the thermal cor_ductivity
and diffusi-,ity ts assumed. The new model now exhibits non-constant density
effects. A numbel7 of so].utions of t:hemodel, representing various types of
fl.ames are presented, and tllc.,irstability analyzed.

On tl-lebirth of is(:,,las- Iso].as are isolated, close.d curves of solution

branches of non]..inearproblems. They have been observed to occur in the
buckl_rlg of elastic shell,_, the equil,ibrium states of'chemical reactors, and

or.her problem.'..;,In this paper, we present a theory to analytically describe
t]_e struct:ure of a c.].assof i,'i;olas.Specifically, we consider isolas that

s;hrirlkto a po.i_t a_:;,q parameter k of the problem approaches a critical value

k(.I. The point is rely,fred to as an isola center. Equations that characterize

t:h_, Jso!.a center ..qre given. .Tt_en solut.ions are constructed in a neighborhood
of tt,e i,_.;ol.a, cent.er, by a pert:urbatior_, expansion t.n a small parameter, that is

proporti.c, llal to (k.ko)a, with c_ appropriately chosen. The theory is applied

to a prob]em in ct_emical reactor thc._ory.

F.]../2_j1je_jzrol2aGatic_n with mt_l t.J__!_e _i__t_.__1.J.,_- 'rbe steady propagation of. a flame
throu!.,;h a pren,ixed ,:omb_stit)le mixture is studied for the case in which the
;nixt.ure consist::; c,f two di:;t.inct fuels. The overall, chemical reaction

_nt_:I_ani,..;m i.s rel)].-e:;¢_p.t:c,d bv A 4. _,,A0 + tG,P,. B 4. u B .-, I, BQ, where A arm B denote

_h,:_ fuels, 0 is 1:t_o. o>:i.dizer, P anct (.} are. the corresponding products, at_d

_,A,#A and _,.E,#p ' ar_:: stoic.t_iomet:ric coefficients. We employ the me.thod of

matched asymptotic exp,an:-;ions t:_._derive a solution for large activation
(_nergies, {n vhJc.',t_ case both chemic',! r(_,act.i_ons are confined to a thin l.ayer.
The (.'-_ma]]) Sel:aration dis.;tar:ce I-t be. tween the points where the two reactions
go to completion ,:end t.t_e propagation ve. locity tj are determined as functions of
such quantit:ies as Lewis numbers, act:ivation energies, Damkohler numbers, and
heat re].easc_ fractions. The formula t!or H represents a relative measure of
the flame thickn_.:;s in _errns nf standard parameters, while that. for U
det.ermine,_ the role of each r,,.:act:ion in the overall flame speed.



" 6

_i._jn__]i3.1_ waves ._n gaseous; con,l_ustion - We consider a diffusional-thermal model
desc._:ibing., the c'.ombustion _;f!: a prelni::ed ,,f-,a_-..,in a cyl. indi-_-ical domain. We show
that a uniformly propagati,_g ple_ne f!lame is unstable when the Lewis numbe.r L
e×ceeds a critica], value L . We employ a nonlinear analysis to show that forc

L > L various solutions bifurcate from the uniformly propagating plane flameC

The bifurcated so].utions describe pu]sating flames whose spatial distribution
corresponds to combinations of a×ia]_, radial and tangential modes. The
tangential modes are of two types, corresponding to standing waves on, and to
t:ra,,elling waves, propagating izl both cl.ockwise and counter-clockwise
directions around, the cylinder. Tlm latter describes spinning waves in which
a hot spot(.q) (local temperature maximum) propagates i.n a helical motion
around the a:.:i.s of the. cyl. indc,_r. }_.ottl single and multi-headed spins are
obt:a_ ned.

J!l,.._%_._:_12£i!$li!g.{!tior_wi,tl a seq_:c_t:i.al reaction mechanism - The steady
p_:opagation of a fla,!c, t.h_'ough a premixed combustible mixture is studied, for
the case in wl_ich t:l_e f.lalrl_ i.,_ charact:eri, zed by the production and depl.etion
of a signii!ica_, intermediate species, The overall chemical reaction

mechal_isrn is of the sequenti.al type and is; represented by A + L,AO -+ #ii,

.[ ._ _iO .-, l.,pP, wller'e A is the fuel, O i..s t:he oxidi.zer, I is the intermediate

species, P i._ the pro_luct, and _A' #I' lap are stoichiometric coefficients. We
emp]oy the lnethod of! matc, l_ed asymptotic expansions to derive a solution for
large act. ivat:ion el_ergies, i.n which case both chemical, reactions are confined
t.o a t:hin 1.ayer. Tt_e (slna _.1) separation di.stance H between the points where
tl_e two reactions go to ,:.'omp l e t: i on and the propagation velocity U play the
role of eigenv_l, ue:; and are dcta, trained as functions of standard flame
patameters. 'I't_e formul.a for: }l al.so repl'esents the effective spatial distance
measure of the f]ame t.l_icknes.,._. It: may also be interpreted as a measure of
t.:he maximum concent!"ation of t:l_e intermediate species.

]'.'_]_.j.Jl_c_!.;_c&..s"gas:jd,'nami c .di.scont [n-tit:i es .- Early treatments of flames as
f.,;asdv_an_ic disc.'ont.ir_ui, t ie.,s in a fluid fT].ow, are based on several hypotheses
and/or phe_om_:no]ogi.ca[ as_:_umpt, ions. The simp].est and earliest of such
analyses, bY Landau and by l)art-ieus prescribed the flame speed to be constant.
Thus, in the_.r analysis, _h<'.y ignor_.d the structure of the flame, i.e., the
d_.,t_ils oi.- ('hemic,:t] l'_-actions, and t:anst)ort pr'ocesses. Employing this model
to stud',' the r.;t.;7t!)i]it::_; of" :_ l)]_ane t"]ame, they concluded that: p].ane flames are
ul_conditional]., u_s_;{l:)]._, Yet i)];_ne [],:_lnes are oi)served in the l.aboratory.), • .

"I'o overcome thJ::; di. t ti"ic_lt_y, others have attempted to improve on this mode].,
general_[:: through pil_.,l_l_l,',l_o]o_i%i_a] assumptiorl;-; to rep]ace the assumpt'ton of
col_stant ve.]oc[tv. It_ ltt_ t,rese_)t work we take f]ame structure into account
and derive an (i_q,,.ation for tl_e prOl:,ag:.{tio_ of the di. scor_tinuit.y surface for
arbitrary flame sllapc,s i_, ge_eral, fluid flows. The structure of the flame is
consJde::<d tc, con.._-:ist of a boundary layer .[.n which the che.mical reactions
:_cct.tr, locate-cd J_sJctc: a_ot:her b,..)ttdnal:y ]ayer in which transport processes
dominate. We <,mp]oy the. method of m:ttchecl asymptotic expansions to obtain an
eq_ation for +,i_e ,::vo]ut.i.o_ of the sln;_pc,. :_nd location of the fl.ame front.
Malching the bou,_d:_ry ]a':e_' :-;ol._tic,ns to the out_ct gasdynamic flow, we derive
t.he appropria,:e jt,m F, cor_di.t.ions across the front:. We also derive an equation
for the vorticity pro<luted i_ the flame, and briefly discuss the stability of
a p].ane f]...'._me, obtaining cor::ections to the fol7n'lula of Landau and Darrieus.
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The l:i.fetime of osc:i1.[ato£y, sten_alS!states We introduce a method to derive

e×pression:._ for the d:[sbribution p of lai:ge fluctuations about a st:able non-

equi.libri_,_ st.eady st:at_,, and for tile transit:Ion rate from that state into

another stable state. Our method is based on a WKB type expansion, The

_xpression for p has a simJ.lar form to the Boltzmann distribution, wit..h the

energy repl.aced by a function W, which is the solul:J.on of a Hamilton-Jacobi

t:ype equation. For the case of staat.1 dissipation, a simple analytical
approximation to W, in terms of an act.ion increment is derived. Our results

are employed to predict various n,easurable quantJt:ies in physical systems.

Specific.ally we coilsi.d_:r tl_e p_ol._]ems of the pl_ysi.cal penclultml, the shunted

Josephson junction, and the trans_)o1.'t of charge density wave excitations.

The stendv l,t.lvningof a solid p,_rticle - We. consider the quasi-steady burning

of a carbon, particle which undergoes gasification at its surface by chemlca].

reactions, followed by a homoge1_eou:_ reactio_ in the gas phase, the burning

tale M is found as a function of the gas phase l)amkohler number D for the
g

wlm].e, range 0 < d ,.'.m. The monotol_i.c M(D ) cur.'ve, obtained for relatively
g g

very hot or very cold par_:icles, descri.bes the gradual transition from frozen

abrupt and rho M(D ) c_it:ve is either S-shaped or Z-.shaped. In the former the
g

l)_rrling is enhanced at j.grlition while in the latter it is slowed down; this

depend.,_ on Lhe re].ativ_ import:,'_nce of the two competitive surface reactions.

At e×t.inction, the _'ever'se is true: bu_'ning is slowed down in the case of an
S culrve al_d i._.; enhanced in the case of a Z curve.

_t_abi...]_.i_. and 1)i f_u_:cat:_c__ in a m_d_llated Burgea:s s$i.,.qtem -. The stability of the

t-:ull state.: _:_:r a _c,,,_l. ir_ear Bul.-gers system i.s examined. The results include
,"i) r_n energy esti.n_ate for global st:ability for states involving arbitrary
modulation in time, a_Kt (.ii) _nal',/sis of the bifurcat_ion from the null state
for slow modu].at:ion,,::. For the slow modul.atio_s it is determined that the

amplitude A(r) of t.t_._ 1)iti_rcated disL,.trt-,ance velocJ, ty satisfies a Landau-type
equat:it)n with tirr!e-depr_d,:_nt g_'owl:h rate O(r). Particular attention is given

to periodic and quasipe_:iodJc mociul.ation.s of the system, which lead to
al_a]o_-,ous beha_eio.t - ,in 0(r). For oath oJ7 these oscillatory-type modulations,

9
i, i.:__ fox,rid t.l_at A"(r) lt;_:-_ t:h_ same long-time mean value as the unmodulated

,.,_sc,, implying no al teration of t:he final mean kinetic energy. Applications
to various i].u.] d-. dy!_an!ical pl_enomena are discusse.d.

P,a<,tii-LL_i (2.!1/ c:9_Eli .t:...ii4>,'j...Ji;L_.2__.'.03!!_.gLL! d_L._I2!TX,_.J_)'.2!n_s" - An inc i dent mode p ropa ga tes

down i_ two-dinlensic)__al. ',.,'ave guide unt:.[] it strikes a localized obstruction
wlnich create.q reflected and tl'ansmi_;ted waves. The numerical determination of

these waves is diffJcu].t because Il_+:_classical radiation cond:l,tion does not

_,pply for an i__fiinJ,te wave guide. In this note we derive a sequence of

"]ocalizc.d radiation coi-,ditior_.s"which can be applJ,ed a few wavelengths away

froln the scatterjn F object. 'Fl_ese conditions allow us to numerically solve

the HelInho].tz eq_iat,io_ on a finite domain.



F" >]o_t']_l_, _"_' 11i,lit _m' n _olilucle lriqc#olc, to nurr,,vlca]]_ solve scat:t:erln_,_

l];.i2.['.'J ,_]]]..'i - A xJumer:i (, _] m_:,t:.},o(!, for s.,lv ing l:educed wave eqLtat.i c,ns J.s present:ed.
The: t:cchnique is bas.ic,;_,lly a re].axation sciieme which exploits the liatiti__ b
_mpl. itude princ:iple. ,\ modified ra(l[at:i_on condivion at 'infinity' is also

given, 'F.i_o met:hod is t:.e_:_ted on 1-_,,'oniodel, problems' the scattering of plane
sha].]ow war:ce wa',;e's off shoals al_d the :-;tattering of plane acoustic waves off
_ _.;:._:,_d-soft cvli..nch:..r ill!bedded betw,'._eu two h.qmog(:neous but different ha'if
_;',"tces Tt"_=: l_u:i_t-:,r{ca] solutions e×tlibi.t cr.)l"lTect refractive and diffractive

: {.f(.cts at moderaLe .freqt,,:,ncies.

.tz....';_=t:Zf._;)_,!_A.t.._k._.-_J?rL!!£_;:.._[.....t.L_.n.9_'..L_gTow t h .. A _,t o _:.t.la s t: i c. mode 1 for tumor gr ow th i s
<J£:l.-iv(.£i ,7_s _1 diftusion appvoxinlatiot_ o.[ a cont::inuous time, density dependent

},_:-_nc!_ir_F; T,]:_,,'ess, wit:i_ L" (;on_pert:s growth law as a. deterministic part. For
Lll¢ d.[ff:.t,:;io.tl process, tli_e condi, tional pr<t_a.l:_ilitic, s of extinction, reaching a
.si."_:: C, a;-,-I do._l_l.._,_g,, are. colnput:ed aIonz [, with t:l_e expected, time of these
e',remt:s. 'I'i,e l,.:_st._]t:s _:'(' _',l'VC:r_ iAI t._.,l?_,)ls o[ Jnt:egra].s which are evaluat;ed by

num_-.,_.ical m(,t.l_ods th;_t _.ccc,_nt. for the ].ogarithimJc singuJ.arity introduced by
t:l_:, Gonlpe, t.q i!,rowt::h law. When t:hc v,_ciance of the branching process is small.
c,,.)_T_aredto t:l_e, determ[n.istic term ,.;impl.ified asymptotic expressions are giver

_sin!:, methods that ar_; modified for the Gompertsian log.arithm. The result:s
:_ve used to find the probability of imp];._nt t.--_ke in .l.tmiting- dilution assay
experJmc:nt:-_ ar!d the plobabi].ity of a tumor becoming det::ectable in

ca rc _.nogenesJ s,

.}"LFf)5t;__2!;£'j3t__0...!.... 9.:i(!.tLn_..tLt2.[d_t i,:._ns for t:t_, 2.. dimensio_al flow of a micropolar fluid .-
The st_:ady, inc_nlpres:_;it;lc flow c,f a m.ic.rc,po].ar fluid in 2 dimensions is
-o_:._],.]¢,ved, 'r'_e Oseen ] i._ari.z_t:ion of the con'.ze(:tive operator ts introduced,

:_"_rl t};e a:L.:.,_ociatc_.t p_'ob].em for the [ttrxr!;_nlcntal solution .is formulated.

So]_._tion ot I'.:he tktt!'"],_met!i,'l], i)rol,lein is; obtaine,:t i.n ax[)lJcit form tlt](]@.I" a
certaii_ r(.stYict ion _,_ t:i_e, pt,v,:_{cal,...... parameters of the problem Uti].ization of

t.he i,_l,tame'nt:,r, 1 ::',o]Lltjol] in the l[lV(,.e,[:j_:[..atLion Of! general flow probl.ems is
di sc.u_;y;c_d.

{j.AL_'.gS_t.{.E.g_).U.Lr..!£Y.._.':i!5.OJ_J....._dLtrn_(Ag.rY!l;h i c: unc e r t: a i n t2£ .- 'l.'he c o n s t an t e f f o r t
hur,,,e:-;ti;_g of a rez_cwahie biol.ogical resource .is considered. The single year

clat_s T_;p.uL;._t.ion grow:_; logi.stical.ly :t._ the absence of harvesting and is
pert._rbe,::! by .':._mal] demographic stochasticit:y. The asymptotic behavior of the
expect,:_d e:,:t:.:i,nct_on times a_d expected harvest yie].ds as well as its
c:o( .rfi"Jellt Of val-],:<tl-Jorl, are computed as iLlllCtt. OllS Of." harvesting effort.

i,,v_amica [ <,rs ems driven tW small whir:.(, noise: Asy_mpt:ot:ic analg_.i.s and

,,.:.o.:..i_D_A:..o[,..,-;[:_. i_, ._7,_'(..: Note:i; in Mathematics #985 entitled Asymptotic
Ar:,:_iVSi.s LI, e_tit, ed by },. vet' l-kl..,:;t, Sprinf;c,r Vet:lag 1983, pp. 2-23,
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Di.ffusion acro._;s characteristic boundaries with c.ritical points - We consider

the problen_s of the effect of smal.1 white noise perturbations on a

determi_,istic dynamical system in the plane with (i) an asymptotically stable

equilibriun, point or limit: cycle and (ii.) an eqttilibrium point surrounded by

closed trajectories. ']'llemean exit time and the distributiort of exit points

for eacll problem is determined by so]ring s[ngularly perturbed elliptic
boundary value problems in domains with closed cha_facter:istic boundaries with

critical po:Lnls. Uniformly valid asympt:otic sol.ut:tons are constructed for

each ._f the prob].ems. For the asymptotically stable equilibrium point, the

metl,od of matched asymptotic expansions with the integral condition of

Matkowsky and Schuss is employed, A method of averaging combined with

boundary layer an,i]ysis is used for the problem of an equilibrium point

surrounded by c]osed t:.raj(,.ctories. Tlle influence on the solutions, of' the

critical po_nt.s on tl_:,bomldary, i_s exhibited and explained. An application

to the phystca] pe.ndulum is given. Fina]ly, our results are shown to be in

c.lose agreement: with si,inflation:;.

I_g_ition of a combustib]e half.-sEa<_2.9.- A half-space of combustible material is

subjected to an a_:bl,trary energy flux at the boundary where convection heat

loss is als(:) allowed. An asymptotic analysis of the temperature growth

reveals two conditions necessary for ignition to occur. Cases of both ].arge

and order unity Lewis numbec are shown to ].ead to a nonlinear integral

equation governing the thermal runaway. Some g[obal and asymptotic properties

of the integral equatiol_ are obtained.

End-tenlI_erature control in a lo!)_grod . The problem considered is that of the

t:c,lnper,lture in a semi-infinite rod with the control being applied in the form

of heat flux at- t}_e near end, ']'h(_objective is to keep t:he actual end-

temperat:ur(_ close to somo desired value over a specified time interval, without

exce._;sJve use oi t:he heat flt_x (_olltrol. The optimal _'control is taken to be
t:hat:w]_j_(::}_mini.mixes a given performance ir]dex of quadratic form. It is shown

that a necessary and suffici.ent condition for minimization of the performance

index is t]tat:the optim:._] cotltrol satisfy a certain Fredholm integral equation

of the second kind. The existence of a solution to this integral equation al3d

its various properties are determined.
P

P,_l't_Irbed bifurcat:{on of s[ationar_ striations in a contamin,_'e_d _n_onuT]iform

lj!.J,2_.._.m_a- A cyli.ndrical, weak].y ionized and collision dominated neon plasma can

be described by a system of nonlinear, parabolic reactlon-diffusion equations

for the e]ectron and me tlas table atom axi.al densities. The equations exhibit a

bifurcation from a uniform to a striated state at a critical length of' the

p]asma column, The sharp transition between states predicted by the theory is

: in contrast with the smooth tran.<ition observed in experiments. We apply the

theory of singular pei'turbation of bifurcatlons to show that small

i.nhomogeneJtje:, in the plasma, such as those caused by nonuniform heating and

contamination, are s_lfficient to qua]it:ati.ve].y explain the experimental.

results. We observe that a stc,ad.y, axial magnetic field in the plasma can

also produce a smoot{, t.r__nsitJ.ox_.

0,1 f]ame st_,r_tch A .!,.e,ler_l J_x, ari.al_t: expression is derived for the stretch
e::perienced by a f]ame due e.ither to its motion or to the: no_.uniform flow of

gas tt_rough it. This e:.:t>res._i;ion is given in terms of the local fluid velocity
and t:he shape of the t!.lalnr._ front:. St)e('Jfic examp].es in which the flame
stretch takes a s.i. mp] if led for,n are discu.,.-:sed. Some remarks are made

: regardi.ng the re]at.ion between the t:I,l"ee di.stinct properties of flames'
-: st:tel:cb, speed, and t:el_l.._er_tt_fe.

3
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Thermal and shot noise effects on nonl.inear oscillators - The effect of

thermal noise on the dynamic behavior of physical systems has been a subject

of c..ontlnuing interest for ma_ly years. For example, thermal fluctuations

about stab]..e equilibrium states of physical systems are weil-known to be

described by the Boltzlnann distributioLl. Furthermore, systems In which

multiple stable states can coexist exhibit transitions due to noise between

those states. The transition rate from a stable equilibrium state, which Is

inversely proportional to the lifetime of that state, has also been discussed

in the literature. ]._latrate has been shown to be one of the form f] exp(-

AE/T), where E denotes the activat:ion energy, i.e., the height of the

potential barrier that must be ovel:come in order to escape from that state,

and T denotes the noise level. The dependence of the attempt frequency, _], on

rbe parameters of the problem varies with the particular problem under-
consideration.

Of equal [i_t:erest.are questions of fluc.tuations about, and transitions

from, stable nonequi].ibL:.ium steady states. Indeed, a considerable effort has

gone int:o calculating the d.istributiorl of fluctuations about such states. The

distribution of fluctuat:ions may be characterized by the contours of constant

probability density.

In a previous publication, we showed that for the prototypical problem of

a ].ineariy dnmped forced physical pendulum at low temperature, the contours of

constant p_.obabi, lJty densit:y are equivalent to the family of steady-state

phase spac.e trajec't.oz-ies of the deterministic equations of motion parametrized

by the d[ss.ipation coeffir, ient. In the preseut paper, we generalize those

results to include noi11inear oscillators as well as state dependent

(nl_.11_:iplica.tive.)noise.

F]a',r,es in fluids' their ir,teraction and stabilit_.y - Viewed on a

h?'d_.... . " ,_uovnaml.cal scale a fl.ame may be considered as a surface of discontinuity
,,.;eparating burned from unburned gas, Unlike earlier treatments, the present

study accounts for f]._imest_uet.ure, i.e., accounts fol: the details of chemical

i_eactions and transpo['t processes, and their interactionwith the fluid flow.

A model, including the effects of flame stL'uctu_'e, is derived in coordinate

invariant fo_:m, lt consi:_;ts of the li.ujd equations, to be solved on either

side of the flame, an evolution equ,'ition describing the deformation of the

front, and jump condJt.ior_s for the fluid variables across the front. The

mc,del describes the dynamics of flame fronts including their stability. In

])articular, we study the stability of both plane and curved flames, and

discuss the ei£ect on stability of flame front curvature, heat re].ease, Lewis
numb e _." :-_n d P r an d t ] _lmb e _7.



.(jL!.._h a s e t ra_ c;] e n t d i f t u_; i._LD_.i_.!___j_r.c.?I_.]{?..L__.._!O__.gci ;____L,LLLi._211.__2_.cJ_col__.lt-mst _.__.O__l-- By
suppress ing the l:e],:_xat-.t.oi_, pr'oc,:_ss of. Lue-i vapor acc.umu].at-.i.on through the use

d 2of -l_tw resu]ts a_; tl_e :i._it. la] competitions, the preseut study isolates gas-
phase tr:aus[ent.- di.ff,._.s.ion ;_:_ t:lie only t._,anstent prc(:ess during droplet;

v:iporizat:ion ,'.:li1d coln'btt::;t.i<,I_, an.,.t the_eby successf"txlly identifies its .l.nfluence

on th_., b_,.l.k droplet gasifi,:.'.at:[oi_ cllal:acterist.ics. The cases of pure

v-_porizat:i.on and f].aine sheet: com]_ust, ion are analytical.l.y solved using
Ferturbat:i.on mett_od:.; alld title matched asymptotic exparlsion technique f.n the
timtt :_f f.he small g,'-_:;-to-liquid d_,nsity rat. to. Resul.ts demonstrate that
tran.,.;ier_t di. fftt,:,i,or_ euhances the vapo_izatiol_ and burni.n_] ratt,s, reduces the

f]_:Inefro_t st,'._deLf _at_o, arid e]evat_,s t.he fl.am_._t:emperature. However,

c,at_t:ral-y to ptedict:ion:_ _i previous st:udies wl_ich have inadvertently included
f',._el \'._._pov a,'cumulat io_, these tr;_nsient diffusion effects are very sma'l.1 so
l.:]_:_t ;;as.-phas_, (It_asi-ste;_dil_::,ss is indeed an adectuate and useful assumptLion
fo_: tt,,.., mod('].ing of .'::ubcritica] d_":,l_let coml_us;tion.

___? _!_.]_)_L_,.f.__L__.... .__t_2_.]L.L.!..J.![y__(_..]?.,.:J_..[.]_1..!2:.!2.C_,"]?.1.Lt!.;......!._!.L.._LI; ',2... t=K,'___T._s_j_.t2iojZ_f_!:' <__jn..LL,')g_n._.n a r t O_L

.iUJ-l?LL!_e_r!t..._t_l.__!ULr:L..E.U).E!2£,!2.t1..i['!.] - 14e: r e v J e w r e c e n t. a n a ].y t i c a ]. r e s u 1 t s i n t b.e
t.lteorv of ttaus_Lion __:oln laminar to t:urbul.ent premixed flame propagation, We
e:..:pl._,it t:i_e tac:t, tt_at: t.he ov.,.,rall, activation enecgy /LS large to formally

dc_ri.ve dyn,:_rnica.1, f]am(_ sl_eet models, which are t.he_ use.d t.:o predict
in,;_:fbilJtv !.lw:e,_l_olds as functio_ oi:" t:he. various paramet:ers in the problem,
at. which ,s:t..c,.ps tn tl_e trane.;i_tio_ occ_r. Employing perturbation techniques, we

t he_ (lr_;,'::ril:,e b_ .f"_trcat l.o_._ f_:om a steady, planar flame to both pulsatLr_g and
c;,]l.t_l,_v tT,_(tf,.:; ()fl t)r'_,t,c_,,at :i.o_, 'Ft_.,;_:, n_.,t_s;t-eady, nonplanar propagatt.on modes
l:eprrsent _llt.eVl_l(_cii'at(:' st_':_c's in the evr_J.ttt:iol_ fr'ore laminar to turbulent• , _._-

(1 o _iil)_ 1S' L i orl.

,q.'_i_L)_.'_i.J.a_- .2 e__E_U_/J?a .tL:_[.t!l)2L__9'_f:_.__A.l2._f_t,:_f!!l_.E..._!n___.g.!.ej_s.j. r Lr9 l_SZi__3__ga ,. t:h r' e s h o ].d - Th i s p a p e r
_]eal. s witl_ mat.hemal:ic,-al r_odel of a_l (-:piden;i.c with a slnal.], number of inttiaL

i;_t.ect, i.v(_s ]i)' l"ll_, tJ,,e ,.leve]opu!ent. of the. epidemic, satisfying an integro..

d :iLe_ent:ia]_ (:qu,..tir,r_, is app_'o:.:[mate_t with singular perturbation technique.:_,.

'l'h,-_ a_,,/mplot:lc i,._.;_lt for 1-, I.l st_ow:._; that; when t:he number of infecui.ves

e:..:,.,_:_.:as: a fi..>:c,d .'.::lli;_ll ,.,,al_e (.t_dc, p_:,__dent: of 1O) the time course of the

et.,id('..mic" is t"_x,'_:ed" ti_ t. Jul,, _eeded to pass this value is of the order O(-log

I 0 ) '

!)I_d!____j.]_)_..J...5:.f](:!....i:.[]:++t_..+2!.t_...__-L.._!_2tt__(+ALl_:_(!)_.]..'-.A_...'.-L!(+}._S2._±t.-L.oJP_._w_+tI_1L"_.L_.l!c_' + ']'h e me an 1.L f!e time o f a
',-nc,l-ast,,bl_e ,';tat:r, (,i a d,,,_amica], syc:t;c,;_ ,.lr'iven by small noise is ea].culated,

7i_t.. vcc:.:or field of t:}_. ,l'J._amic.:al sy::;t.em, wt_ch need not be dert.vab].e from a
;,,._t:,,rrl..ial, is ;_s,.;,.unc,.d [o i_ave v,_i.,:i, ng no_:ma], component on the boundary of the
dc.m,.,ir_ of at.t.r;,c_. J:.,n of i.he met;_stal:,l.e state.

;'j.ii_!.>.t_2-...i09 i_;:!_._'_J:i._!.__.U.]1:._..._.'!.?..JJ.___L.JL!l!i)._::._:r_o__yi:'.].J...,?_L2e._L!_t__tz.._2_f_:f_._tLh..fL__b2s t e.r e t: i c J o s e p h s on
j./d.g).!.;.k-__:.q.ri- i,_e c:,),_.sid,:. _ 1.1,(., _;c_n_bJt!(!,d effect of shot and t:herma] noise on (i)

I:],, _ staLi.,.,na_-,,, cli,_..tr.it)u!.ic,_ of f.luct:uations about the nonzero voltage state of
nn :,n,rlel-4,,_.I_t,,,,_:t h.,,st_,v(,ti,: ,_o:-;.:_I_hsoll junct:i.on and (ii) the noise :induced

tr:,l:_:_it:.j,__r. _:ate frr,_,_ _.I_,.: _o__:(.,',r,:, vol. t,:_ge to the zero voltage st:at:e, We find

t:l,at. _}1,:., dist.rib;._i :.,:,,_ i:..; .,,o_svlmi,,_.,t:ric' in [t_at: the po:-;i.t:ive voltage

!'],_ccual. ior_,.; ar_:_ ;m._r,, l_r(,!,.d)l,, _l_,_ tl_e ,!egat:ivc, c_nes. We also find that the
(.Yrtll,(-;i_]Jf)Il I_ILC.U ,"i."_' ],'-_:)',C'l? (}12111 f. [ l() E; (:! dllt:_ [2() [heKlllaL noise, al.one,
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il'-_r?j!_i__t-j._21!E...J].!:.gi_!12.t.{,z'.fly_ii..,l._JJ2_!:i_J.!J_!....__t!_,i...!.=,__2_[--.__t3__ t:e r e t: i c J o s (-.'.p._!{!.p_n_j un c t i o n
i..u_jLtced_.bv!.',.._k]_f:__j:r_.!'!_k.Ji.ed_fj.!o_t!]_j.>_,_ - We post:ulate the existe.nce of se].f-
generated l.;orma] cul:r'ent:: st_ot noise due t:o the long-lived voltage fl.uctuations
in a hysteret:ic Josephmon .]tmction. The resulting low temperature transition
rate::: o_tr of the (zero ro] t:age) superconducting .'_t-ate are much larger than
t.bos_!: arising from ,)oscptl_;c,n noise, alone. Excellent agreement with
experiments is t:t_cn ,,_ct:ieved at: al. 1 temperat:.ures, removing the need to invoke
macroscopic ctu_ntum t:unne]ing.

'I'l,erma]. activation f,'om the f.tu×oid and t:he volta.__._,t.a_t:_e=s_o_.f DC::S.OUIDS - The
probability del_sity of tt_ermal fluctuations about different types of
_oIl,equilib.rium steady st-ares of a DC SQIIID are evaluated by generalizing a
tect_nique used be!7ore for the fl.uctuations of a single Josephson junction.
Probabi].ity densitie._ c,btained for 10oth "running" and "})eating" modes are used
to calcu]ate t-harmal activation rates as well as the various branches of the

I-V characteristic. T}_e results are compared with t:he experiments of Voss et
,'.,]. and good ,:.J_;reement is found.

,j..n__,_'!5<y12t_tot:Jc the.o<f of deflagrations and detonations I, The stead X solutions
- Combustion waves propagating lbrough ,u reacti.ve gas are studied in the
p].ane one- dtme,_sional _-,, g ometry On a length scale large compared to the
d:iffusion length, the wave.,; ar_: t_eated as exothermic discontinuities in an
idea]., nonreactive gas. An asymptotic theory is developed which yields the
steady structure of the waves in s;impl.e, analytical form. The theory, based
on limits of large ,qcttvation ent.rg, y and small heat rel.ease, treats all
possible defl_grations and detot_ations.

P2oQ3z_a_g_?.2i__D_.flames and their stal_il[t._y - Viewed on a hydrodynamic scale, a
flame may be considered as a surface of discontinuity, separating burned from
ut_burned gas. Unlike earlier treatments, which ignordd the flame structure,
the present study accovwts for the inter_c:tion of the fl.uid flow with the
transport processes a_d c.hemical reactions occurring inside the thin flame

zone. Thus we derive, _ rather than prescribe, jtunp conditions across the flame
front and an equation for the flame speed. The model., derived in coordinate
invariant form, describes t:he dynamics of flame fronts including their
stability. Particular attention is focused on the stability of curved flames,
which r:eveal.ssome cl_aracteristics that do not exist in the corresponding
analysis of plane, flames. Due to the stabilizing effect of curvature,
disturbances of circul.ar flames grow more slowly than those for plane flames.
As in the case of. plane flames, when the mass diffusivity of the deficient

reactant component is sufficiently snlalle.rthan thermal diffusivity, curved
flames can be stabl].Jzed. Finally, in contrast to plane flames, the effect of
viscosity on curved flames is comparal.,l.eto that of diffusion and is

destabilizing. This dep('.ndence decre ses with increasing radius of curvature
and disappears entirely for plane f[alnes.
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Secondar_i bifurcation in f.i.ame _.p![oI?..L_gati___o__ - A great deal of work has been

done in attempts to explain t:h_:,transition from laminar to turbulent fluid

flow via successive instabil, iti.es, as a critical parameter, e. g. the Reyno].ds
number, is varied. The successive inst:abilities are associated with a

sequence of b_furcat.ions, each generating more complex spatial and temporal

patterns. Recently, similar att:e.mpts have been made to exp].ain the transition

from laminar to turbulent flame propagation via a succession of bifurcations

and their accompanying instabilities. In this sequence, the steadily

propagating planar f]ame loses stability t:o successivel.y more complex modes of

propagation such as cellttlar, pulfsati.ng or multi..periodic pulsating flames.

In this paper, we present two recent results of our work in this area.

First, we conslder t"e transition from periodic pulsating to quasi-periodic

pulsating flames. Then, we consider the transition from a stationary cellular
flame to a pu].sat_ng ce.].lu].ar flame. In each case, we characterize the

trat_sition as a secondary (or)_igher order) bifurcation).

On the stabil_ty_of_12]ane and curved f].ames Theoretical studies on flame

stability have genera].ly been based ol_ one of two approaches: (i) the

hydrodynamic model which accounts for thermal expansion due to combustion but

•I_glmres flame structure, and (ii) the d_ffusional-thermal model which

considers f].alne structure in a pcescribed constant density flow thus ignoring

thermal expansion. The present study is based on a model we derived, in which

both thermal e×pansion and flame structure are accounted for. We find that

ali.hough p]ane flames are unstab]c.: to disturbances of very large wavelengths,

as predicted by the hydrodynamical, model, there exists a critic.al wavelength
i>el.ow which p[acle flames may be st:able> when dlffusional-thermal effects are

incorporated. The bourldary betweell stability and instability is determined by

the Lewis n,lnlber Le, representing the ratio of thermal to mass dlffusivities.

].f Le exce+-_ds a critical value I_e*, the pl.ane flame is stable. Otherwise it

is u1_stable and the flame takes on a cellular shape. "In the case that thermal

expansion is small, t.he stability boundary reduc.es to that obtained from the
difft._si.ona]-therrna] model. We determine the effect of flame stretch, thermal

e×pansion, Lewis number and Prandtl number, on stability.

_i___!.j_2.period_ic waves along__/3_pu].sati_lg_t!i_ig_l_%ti _. front in a reaction-

dl. ffu_;<[o_ svst.em - We consider a system of reaction-diffusion equations for

which there exists a solution wit.h a uniformly propagating front, and from
which solutions describing a pulsating propagating from with periodtc

t:ravell, ing and standit_g waves along the front, bifurcate supercritically, We
construct a i,.u]satJllg propagat_l G solution brarlch, which quasi-periodic

travel, ling waves alon!.,..it:sfront, which co_inects the periodic travelling and

standing wave brancI_es. Thus tl_e quasi-peri.odic, branch arises as a secondary

b.ifurcation from the _miformly propagating solution. Our construction

jnvol.ves a pert:ul.'batior_ ana]ysis .i.n the. ne:i.ghborhood of a certain degenera_ e

point: lr! parameter space, wt_ic]-i we ]dent:i_fy. ].'he stability of the various
branches is investigated.
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oi diffusion over potential barriers, e.g., ct_emica], reactions, baseed on the
noise activat:ed escape of." ;l part._c].e from a potent.is], wel.[, is considered,
K_Tamers der.ived escape rat:es valtd for i.ntermediate and large damping and in a
separate analysis, for small damping, In the :;real.1. damping limit, Kramers'
[ntermed._ate result reduces to the t::I:.arlsit.ion state rate wht.ch doe:-: not agree
with the small damping -r'esult. A new escape rate is derived that is uni.formly
,;alid for all w_l.ues of. tlne damping coefficient, The new rate reduces to
Kramers' results in the appropriate [imlt:'s and, in particular connects
Kualners' intermediate and slna]l damping results.

.c%f._J.!_t2tct:[c solution of tl_e Kranlers.-1,_oy_al _(-_uat_on and fLrst-__z3.s__sag_e, t:im_s for
Markov j.!_m_lll_]_rocesses - We cal.culate the act:-ivation rat:es of metastable states
of genera], on_-dimension_i Markov jump processes by calculating mean first-
[)_._:_;.,;ag.,ettvaos. We _:_,mploy methods of s;ingul:lr pecturbat.iorl theory to derive
e:-:pre:_sions for it,est rates.;, utilizing the full. Kramers-Moyal expansions for
(:l_e forward and [_ackw,-_rd c,pevator's in the master equati.on. We discuss various
boundary conditic.ms fo_ the f.[rst.-passage-.time problem, and present some
examples, Wp _..115;o(l i.5;c.tl .,.:;s; the validity of various d:iffusi.on approximations to
the master equation, and ttLe. i.r limit-ations.

Acou.qt:ic co_tL, i_._.(._.f f.J,,l_!!f?_.5." in the 1.imits oi. large activation energy and
s__,::_ll Nach number, the f",._11 equation:-; of reactive gas dynami.cs are reduced to
,_ simpler set: wt_.cl_ i.a appropriat.e for studying acoustic interacti.on with
slender tianles. The: model is used t:o study the interaction of a pl.ane, steady
flame with a normal, l}, i_mident: acottst:.ic wave, Explicit ana l.yttcal expressions
are c,bt:ained for the reflection and transmission coefficients, and, in two
i[_mit[_g cases, for tl_,2 ac_usti.call.y induced di.sturbance in the flame speed.

Solutic_n of Kramers-MoiO.l_ectuatJons for 12robl_ems til cI_emical_ tL.h.__ - We
derive _symptotic so]utior_.s of Kramers-Moyal equations (KME's) that: arise from
master equations (ME's) for stochastic processes. We consider both one step
processes, in wt_ich the system jumps fl:om x to x + e or x - e with gi.ven
probabilities, and gelmral t.r;_nsitions, iii which the system moves from x to x
+ c.._', wheFe _ is a random variable witi_ a gi.ven probability distribution. Our
method c.-,_'<pl.oi(:,._ the smallness of a p_irameter c, typically the ratt.o of the
.j_u-np size tc: the ,c;yst:.em size. We __mploy t:he full KME t:o derive asymptotic
expansions ior the stationary dc:_sity of flucttmtions, _:_s well as for the mean
lJfet;._m_._ of stable equilib_:ia. 'Fires: we treat fluctuations or arbitrary size,
i.l_,cluding large f luctu;ati.ons. 2I_ addi. t_on, we present a criterion for the
vc.'.]idity of ditf:_._sjott ,-tpproximation:; to nlaster equations, We show that
diftusion theory can riot: ::]_ways be used to study large deviations. When
di.f fission theory ]s val.id our result:s reduce to those of diffusion theory.
E:.:ample:s from m_croscop_c chemical, ki.netics and the calculation of chemical
ceaction rates ("Kramer':_" models) are discussed).



I:_

.Co:,!.t.3:_.!._,.)_.t'.:!_..L!.:.,'..2.'!3_:'-:__..t.._.:,.5.::__!....t....%.____.]..]..V3_..:.__!:..__!.:._W:_..{.2o___D_lE.,E _.:(, proi_c,'sed a r_on I inear

control mecha,,,i,:m _,:_ r_::duce, flame i__._t.a_.i].Jties. /_n instabfl:Lty associated
wi.th t-he forin,',t.]_:,¢,c,f ce l]t.:!ar fl,,n'_v:-,is k__own t:o occui: when the mass

d:i. ffusi\'J.t:V :;f t:I_e d_'fic] _,'nt ro;:,ct:ant: i_ a combust:ib'lo mixture fs sufficiently
l:-_rge: than t?le h¢,,:.it d,:,if_,:;J\'itv of tl,e lil:[xit_le. Tl_c4 transition f_rom the

.'4',','_o(',_.hfi:ol:[:*o th¢ ce] it.i]_/",;t.];t.tct_J,_;ecan be ai:alvzed by deriving an

c.vo]ut:ion ,:.quati,,r_ fol t l_,me front: disturba_ce.,.;. Tills nonlinear equation
dope.nd._; on t:l_e po_jti¢.,_l P, ,._I t:he elaine, which fs a functton of time controlled
_. II-_e,.::_derly:r}gpYe.<,_,rli-,,dfiow _'(,.v .. . . . .... ,,':, consider both linear and time-periodic
!!:.:_:c't ions.; R(t) a::d .,st:r,v¢ tl,,,t:, the trat:sit :ou t:o c.ellul.al: structures may be.
e: ti:,:_. c<._n_i.der,._lIv dc,l,?ved or el i.n!:t_,_t:_.,cl.

)i._:.,;!.:;.:J ./2:!.:UL>2........Ii,! E.:.::3.U,Sj_ f.._ ;3.L?_J...i..'!_:I.Z;!,?...tt_.t !1:.f:..:-_'..' ",.J_: >.xl:!......¢..t..{:;.___.!.:.cd..!Pt:-.i.F::.!jl___ b t s t a b I e 1 a s e r w ]..t ]:
.... W,.., ,,t:t,:l,,, t l:_, ._;e,:liclas,_.;ical. equat:ions for a laaer with

,i :aat',:r,::,}_lV ,'d.):_<:,_i:,,-r i.l_ t}_e :',:'U_-li(+ld 2il, i.t., a:;suming homogeneously broadened
.,.....:...cv,_.:_ _.._t:om_, .i"(';.r a _,et of l_.:_ram:,t:e_.,:, where t:he system displays opt-ical

...... ., a_d _]me-l?eri.(_dic ::;oi,trio, na. tri t:he first part the bifurcation

di,,gral:' i,:_r ._t:a:ior_ary a:t,'i t?_ ,"i,'_dic :,o.[ut:ion,_ i.:.s obtained by numerical
inte!,:_'.ut, lc,_ 'f,,'o -'i.fferent c :la,,,: ::;e .,.s oi:;stable periodic solut:.ions arise

:._m,al:-amp]it. vi,:,, ._._ol_._vi(.',_._; and passive Q-swlt. ching. We obs,:_cve hysteresis
dom,:_]_.,._: involving ',_p to t.l_ree ,_;o].,.._t::i.ons (.,;tat:ionary and/or periodic). We atso
d_:;:u..,5:; :l_e ,,,,_iidit v ._f qeme .'._t:,",nda_d al::,proxl_r_."_ti{_n:; and show that even in t:he

,:ai:,:-;c,_,:<:,of detu_',:_g _:r_el:,i',c_.,.s_.splay an impc,rta_t. role. We also discuss the

i::{l::c:::cec,f tl:,.Init:_,.'_lc_;:_di,ti.on:_,,0}_o:.:,e.symmetry propert:ies induce ].mportant

:::odifJ<:a.t:jc,::soi the l,]{::_.cation diagra:n, In t:he ,<::econdpart: we introduce an
:i]_(?r_.,':,at:iv:.:: ;.idial._;.?t:ic (-,] ill:t_:_tJol_ ::,clleme w|lic:I ;..,]. l.ows us to eor'istruct tile

smal]..a!r:p]iIude pt, r iod:c :-,olut:ion:5 over :_ear]v tt_ei.r wi_oi.e range, of existence.
W_:, rhen st:udy t?,c.:::,, .,.:;olutio:.;l_ l,eai" the }lopf bi. lur'cat:ion from which they emerge

,:an,i d(_Jve, a_,,'.::]'._ic :,.:_diti::,:::si:_i'tl:ei:' stat,i]ity. When they are st;:bl.e, we

al.::o g.i. ve t"!_c, c"ol,.dit i_>::>_ t_der ;,,t_]c!: .:l _-;,..:_c(;nd_,ry }topr'bifurcation will occur:,
!,';_,.]'t_i'' :c> q,.:,:i!;.ip,..::ir_:i_,..;:'>l.:.ItJOll.'s.

::_.::.i:i:..J.:]..'.!?.'..!;::'.......1.].:1:;::_!.'1;].!.q:..........'3;.!:':...---I?.!k:..;._¢._.1..-qf'.'':!:.'::_.:.J./;!.:t:LA_..(___!.!.).._.,2:I'ti:'aI,1.5:b istab Ie 1.a :._er

'...: t h _",:,: ,._.:a!,.'., ,:' :,:-:.: c,)::.:..,.:.!/.. 1,::_. .- [_, thr. t,_,-.ccdi ng paper we have analyzed the
l,i_:,.:rc,::.ior: <ti.:tgr;i:n <,f ,,},,.: st.c..:i,'t\' aI:,i t-ini,_-i:_eriodic sol. utt.ort'_; of the lasers

,,':,:1'; ':: .,t ::r,'fb: ,.. a!_:;,?:i:, l:; (I'.;A) ecl'_,:_.tiot_.:.;, tt(,w,.:ver, a study of the
_.:',:::_'ci_:,.e:,_al r(:.:;v._.lt:; t:,l,:,,(.lit.c_d ill t.t_e. ]i'.e.t:at::_'(: indicat.:es that, it_ general,
::?_,. col_t:l',.,] t::.:_',','.':_'..:,"17 J.'" ;_ :, t o:,,,:i.7 varying [t._l:<:'tl.,,_:_ of time. In this second.

?.:,p,: v w(. ,:._,:ilv:,:e _?,;, inl !u,,:_,ce oi t.l_i,q depc.nde_ce o_1 the b.ifurcation diagram

,.,i the 1.:;/,,. "_., ._:;t.,...... :L;,t: ',I_.. :.;t,_b{1. i_.v chn_>.!;es of slowly varyi.ng ,._teady-stat:e
."i:(:,".: ,' :,':',::, <_, _:,._: eorr, .c:,,.;_,t t, t},_..i:: bi furcat:i..,r_ ,_r limit: point:s tn the case
',:}:,,:.,,., ;,1] ::,a_ai_,<.t(-l.':; at,. ,.',.,n:sta:,_ . ]n partictllar, we show that: t:l_e zero-

{";t.:,':',:._.,it:v '.:,:.;it,, ,',,vr t_e ::..:;,i:ili.:ed r{,,l/il:_!, ii t'_"F|/ti, ll .int:erval of time and that
• h:is .,::,,.i,ili;:a: lo,: ,' _.:_ 1',_ coI,zr(dled !>_' the initial, valu,, oi- the time-
:'i_'_:)Or'a<!._!Y:t' I_: _.,.II'! ,r;l : (II'! i _y,.:,*]'l('_ :'.

::;:i ;':(",tic,,, c..f i',,_ls;,_': i:), ,:::"_<:l:,.i.{::r:il:f :,:',':Ct i,,__ fro:lt_; {r, conctep,.::;ed two-Dl_a,qe.L.:.. : .... : ................ .' ,: ...... ; ....................................... _ ........................................... _ ........................................................ a............................................... a,,,_ ........... ..-1;._,

.C.!..p:.::.:):.:r_=!i2.:.!. :,.:,:+.::',i..,J.c.v,i :,ol:]]r:_,al:st.:,l,ilitV ,,::alvsi.s to de,_:,cribe the

!,if:::'c,'.:_'o:: _.,{I,::]::,a;_.i:,/,7 ,_::<]:.,i]_:nii.:_g,:<,d:..s:,t conlbustio:x in condensed media.

',,;e _"..,::<.,l,_ _}a_. :',.,,: ._',?i.,._ ::,:_,1,.t c,f" ' .... t.i_., (].gg '_.... ',,,:i;o ..,) i_ which t:.t_e modified nm_-

::;i:',..:_:,i<.:.al,::,_.",'a'i.,_,.. ,._:,1::v oI; ,:.he:e;,cI.io_, is 1.ar,_,,.L, , but finite, and in

,:I,::}_'!:_...]::;:::!,;:,:_ q,:_,,,:,:of '}?e >i>:t,_,:r;:.:::<,It.:.;(.h:ri:_.;the reaction proc.es:::,

.,::,<-:}:,:_r,.:,:zc.ri,:_d ::,)..:_,<?::,_::::(n_,i,,::,,l.,?elt i_:_:,l>ar,:::r:et:erH, We [clent:ifv ::.;e\"e:'ai

",.p,-,:: e,: T_,;::.st,.,.:c,," .'._;,,],:t i,,, i:,r;:::, },:.._; ',,:ll:[Cl_ bii. t:rcatc, f.roln the st:eadv plan,:tr

s:,I,:72:.:_,,_-_,:::a}_o,a ):,,:t}, v ,,¢-('::..::p_rci":t;,:'aland s;:,"i[)Icfor a range M > 0

,,_ ..... ¢),

:£
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.$ingtjlar bifu_catto_ in renctior_-diffusiorL__s_stems In Modelling of Patterns

in Space and Time, Springer Lecture Notes in Biomathematics, edited by J.
Murray and W. Jaeger (with T. Erne.ux aim E. L. Reiss).

Flame p rqt_tton in ct_annels' Secondary_.btfurcation to g.U_F._i_:_oertodic
_ulsations - We consider premixed flame propagation in long rectangul.ar
channels. A steadily propagating p].anar flame is stable for Lewis numbers

less than a critical value. For Lewis rmmbers exceeding this critical value a

sequer, ce of primary bifurcation states, cori:esponding to time-periodic

pulsating ce11ula_: flames, emanates from the steadily propagating solution.

We analyze the problem in a neighborhood of a multiple primary bifurcation

point. By varying the channe] dimensions, we split the multiple bifurcation

point and show that a stable quasi-periodic pu].sating flame can arise as a

secondary b_furcation from one of the. primary bifurcation states. We al.so

exhibit the phenomenon of mode-jumping, in which there is an exchange of
stabi]it), between two primary states.

Fj/.__q_le__2!9_2_fluct_lations in noi:_Y,_±.Lc_!:j.._!_[_o.r._L- We study frequency ard period

f]_uctu_tions in a P,on]inear oscilla[or ,,Iriven by Gaussian white noise. We

define tl-J_random peri.od as the random tlme between two consecutive zero

crossing by the r'andoln phase p].;me trajectory, and the random frequency as the

number of such zero crossii_g:-; per unl.t time. These quantities are shown to be

related by t'enewa] theory. We find asymptotic expressions for the means and

vari.ance.,.;of _:_;erandom p_:,_iod and random frequency, for small damping and
._:,.Ja ]I n oi:._e.

Nonlinear contro] ]n !_ti.cal blstabi]it__ - We study the influence of a small.

periodic modulation of the input field amplitude in dispersive optical

stability. When the system is initially near one of t:he two limit points in a

st:ab].e state, the addi.tiol_ of a small periodic modulation may either stabilize

or destabilize the .';y.';tem.We provf-: that distabilization occurs as a result

of critica] slowi.ng down wI_en the modulation frequency is decreased.

L\!__9l'_'.t:ic._;t_idic_s.of _ la::;(._with a satul:al)]e ab.,:_;orber- The principal purpose

ol this paper is to summa_'i:,.e r_._cent analytic studies of the two-leve]. Laser

Sat",_rable. Absorbe_¢ mode]. The paper is divided in two parts. In the first

=- pa_:t we anal.yze, the posai[)]e', bifurcations from a steady state to time-

- periodic so].utions. !n pa_:ticulat', we shall emphasize the difference between

the distil,ct b_';anches of time-periodlc, solutions. In the second part, we

investigate the effect!, of s]owly-varying control parameters. This new class

a_ of bi f urcation problcrns :is motix, ate.d by recent experiments using time-
: _.Ie p e n d e n t p a r a mc: t e r s.m

<_
=

.

=
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.]:_!._erfect bi furcatiot_ wi t l_ ;_ sl ow].:,_L:.SLKl:y.j_..g, contcol parameter - We consider a

general, cl_l,s;s of imperfect b_,furcation problems described by the following

f"i.r'st order noi3.!illear dit:fererltial equation' ._' == ky p + _(t)y + 6, where k == 1

or .-1 and p =-_ 2 or 3 are £J.xed quantt, t:ies, The solution depends on the value.',3
of the "imperfection" paran_eter 6(0 < 6 << ].) and the time-dependent control

p_.'nmet:er X(t) _- X0 4 c.t (_0 <: 0 alKl 0 < _! << ].). If #7 =- _ - O, this equation

<_dmits at: _ -= 0 a bifurcation from the basic state y == 0 to nonzero steady
states. ]n the first part of the paper, we analyze the perturbation of the
bilurcation .colt,.tions produced both by t:.he small imperfection (6 _ O) and the

s].ow vari.at!o'z_ of! ,_(e # 0). We show t-.llat.._ = 0 does not: correspond to the
t:ransitiorl bet:weell t:he two br_inc.he._ c,i!slowly-varying steady states, This

transition appears at a larger value o£' .k =.-_l" Provided that 6 is

sufficiently sma].l compared t:o ¢, .kI is an O(l) quantity which orlly depends on

"\0' i._-,, the init:ial, p.,:,sition of X(t).

Our ana].ysi,_ is motivated by problems appearing in laser physics. I.n the
sec. ond part of the paper° we show how the semiclassical equations for the

simple, laser and rho. (lj_.!-_ witti a saturable absorber can be reduced to this
sJmp].e first-order 'nonlinear equation, We then discuss the practical
ii_t:erests oi" our resu].ts.

t!jjl.s,t,_.j2!!i_f_g_#, times for j2rocesses gpverned by master eetu.ations - We calcul.ate
the activat:ion rades of metnstable states of proc.esses governed by Master

Eqtlat:ion by c_]c_l]ating mean first: pa:_sage times, We employ methods of
.'_i.n/.l,ulal perturl)<._" ion tl_ec:,ry to der:iv_:_ expressions for these rates, utilizing
the ft_lL b.',ra_e_s-!,_c)yal e:,:pansions for the forward arid backward operatoi:s in

_:t1__Master Equ<._ti.on. ]n addition we discuss the vali.dity of various diffusion
,.'_pt:,,,:._:.:Jmations to t.l_e 1,!aster Equation, showing that sc;c.h approximations are
no,t: valid in gene_'+t].

!_'7_o:i=_LC_.J..D4JJ.4r.j_£td_._t;._;'...'7.!l_L<.;:.4_...tLi_.L'1___,_.'Li_IL ujuj_._LJ.- s t___ t.[:-_J. e__..,.<dys t e ms - Th e d a mp e d p h y s i c a 1

t)elldu].t.lln dr']vc:rl t_v C',;)IlSI'I,;II1L torque selTves at:.; a lilt)del lot7 many physical .';ysteliiS
(e.g., the n_ot:ion of an ioi_ _n a crystal subject to a uniform electrostatic

fie.td, the._: point: Josepltson .junction driven by constant current, charge density
.'_'Cat-esand a st:_b].e lloll-equi]ibrium state. ]in the presence of a random

driving force of t.hermal or shot noise type there arc, transitions between the

stab}e states of tl_e p(:ndultui_. We calculal.e the steady state distribution of
fluc.tuations al)out the stable st_tes and the transition rates between them.

For tile point .T.o._;epllsovljunction at: very low temperatures we postulate the

exi,<.:t::ei_ceof. "self-generated" shot _ioi.se and obt:airx transition rates which

agree with the e:<pe.riment:al results of Voss and Webb, This paper summarizes

the work of Beri-Jn,.:'.ob,Bergman, ]rnry, Knessl, Matkowsky and Schuss,

JJje_f_Ti.Lab__iJ_i.!:.Zc_f_£,_l.ane f],llnes attached t.o a flameho]der .-A model is derived

frc)in't:llef<.,.llequat.ion._:_governing coml_u,'::t:i.orl,in which a f_ame, located near a

flalrleliolder, i._ vi_w_:_d _s a three-.dimensional surface of discontinuity in the

flow fi.e]d, Jump ¢.:or_djt. ions for t:|le fl,iid wlriables, as well as an expression

for the flame spee,.l, are c_btai_led liore an asymptotic analysis of t.:hedetailed

,,._t:r_xctureof the i.lame. The model is a'ppli.ed to investigate the linear

stab.i.]Jty of s't_ady plane flames i.n the presence of heat loss to t:he

flameholder. St ablc_ .f.lani_sexist orily if the inflow w:.,locity is sufficiently

lower than the. _:_diabat.ic flame speed, and then only in a certain regime of the

p__ramete..rs' hew.is numl:_ei:, t_eat: re]ea.<._e, and heat loss,

=
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An asx[__Jtotic theoT_y, of ]arg_?. (l_:_.\,iat.ions for blarkov j umu!!p__p.rocesses - We
prose:ht: new asymptotic lnethods for t'|le analysis of Markov jttmp processes, Tile
metl;ods, bssed on the WKB and oi:her ._-;ingular perturbation techniques, are
applied directly to the Kolmogorov equations and not to approximate equations
that: come e.g, from diffusion approximat_.ons. For the homogeneous process, we
construct at:_pro'¢imations to the stationary probabilLty density function and
,.'L

c_._,_mean f_rst passage time from a given domain. Fxamples involving a random
_,,,a!k and a prob].em in queueing t:heory are presented to illusrate our methods.

For a class of time il_holnop_,neous.,., processes, we construct long time
approximations to t:he transit:ion probabilit:y density function and the
p,"obability of large deviati.ons from a st:able state. The law of Large Numbers
is;obtained as a spocial case.

On t:he non-Markovian theo_j!f _ctivat:ed rate t_rocesses in the small friction
l=jmit - The motion of a parc.i.¢le in a ol:te-ctimensional potential well under tlne
effect of thermal no_se r_t_d (t_mping plays an importa_t role in modelling many
physical and chemical pt_cnc:,nle.na. The problem of interest-, is to determine the
escape rate from the we.li. The general, ized Langevin equation, describit_g this
motion, is examined i_l t;l_e asymptot:ic 1.imit of small friction. A limiting
backward Kolmogorov opc:ratof .in the energy variab].e is derived by averaging on
const.ant energy contottrs, and then employed to calculate explicit analytical
expre,:;sions for the activation rate,

A si!zgu_.1ar p_rt_trba_;j_(>32__roa(:h to non-Markovian escape rate problems We
employ si.ngular pertucl._ation method:,; to examine the generalized Langevin
equation which describes the dynamics of a,Brownian particle in an arbitrary
t',oter_tial force ric, Icl, acted on by a f]uctuati.ng force describing collisions
between the Brownia_ particle and lighter particles comprising a thermal bath,
Irl contrast t_ models in which the collisions occur instaneously, and the
dynamics are. rJ_,odel._,d by a Langevin stochasti.c equatiort, we consider the,
situation i_ which t-b,_:_collisions do not occur instantaneously, so that the
proces,_s is no ko_ger a Markov process and the generalized Langevin equation
mtlst be employed. We comput:e expressions for the mean exit time of the
P,rownian part:Jcle From the t>otential wel.] in which it is confined.

_(_._._;_!._13.g_.3_1a _.27...c.:t-._..}:if!);__:izLg.!.l_a '___.IZr o a ch t o f i r .ut I2L_SS__!fe___t i_nje__s f o__r_Mark ov j_V_!_ZP__
j_?C!2.._.2.f-_i!e_5-W_ in_r_<it_(.:r_ ._;ingul. ar perturbation methods for cons truc ing
c.-.::;7_r,l_to_:ic approximatio_,,.,-_ to the mean first passage time for Markov jump
proce_se.s. O,,:," _,ett_ods a::e appliqued d£rectly to the integral equation for the
i_ea;l f_rst l,,._:-_:sage time __tl(1 do ilot involve the u.,..;e of diffusion
approxi,lations. /\_< _b._;orbing interval condition is used to properly account
for t:he por_sible .jura,ps of the process over the boundary which leads to a
Wie_er-l-lopf prc_t)le!n _ the _aeighhorhood of the boundary. A model of
unimolecu]ar df_;so<.:iation is considered to illustrate our methods.
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Interaction of pulsar ing__!31___;_.in__!nil__j_gwaves in condensed !_hase combustion - We

employ a nonlinear stability analysis in the neighborhood of a multiple

blifurcation point to des_:ribe the interaction of pulsating and spinning modes

of condensed phase combustion. Such phenomena oc<.:ur in the synthesis of

refractory materials. In pa,:ticu].ar, we consider the propagation o._."

combustion waves in a long thermallv insulated cylindrical sample and show

that steady, planar combustion is stable for a modified activation

energy/melting parameter less than a critics! value. Above this critical

value primary bifurcation states, correspollding to time-periodic pulsating and

spinning mc.des of combustion emanate from the steadily propagating solution.

By varying the sample radius, we split a multiple bifurcation point to obtain

bifurcation diagrams which exhibit secondary, tertiary, and quaternary

branching to various types of quasi-periodic combustion waves,

On t.__estabil.it_5! of the p orou._ _l.u_.,__u_.'_c,_rflame -.The results of a linear

stabil, ity ana].ysis of a premixed flame at:tached to a porous plub burner are

presented. A dJ.ssertatic.,n relation derived by Buckmaster (SIAM J. Appl, Math.
43 (.1Q83) l'_°r_ ...... . _,J..,-].340)is u,_ed to de.f_ne the neutral stability curve in ti_e w_.ve

number vs. Lewis numbe.r plane. The nature of this curve is analyzed, as the

characteristic parameters of the burner and the standoff distance of the fl.:_me

are varied, lt Is shown that: the neutral stabil, ity curve may have multiple

l_ranches where p_.:l.s,.'_tiIlgIll.ames become unstable. Depending on the parameter

values, the burner may have a stabilizing or destabilizing effect.

A singular__pe1:t_.irbatioll i_p.l_roach to non-Markovian escape rate problems with

state dej2endent friction -- We employ s:ingul.ar perturbation methods to examine

the generalized Langevin equation (GLE) with state and m.emory dependent

frlci'tion. The GLE describes the dynamics of a Browni.an particle in an

arbitrary poteTltial fi_!:ld, acted on by a fluctuation force characterizing the

col].Jsions between the particle and the thermal bath. _ We consider the

situation in which the collisio1_.s are __ot restricted to occur instantaneously

and ,_.dditiol_al]y these itlr.eractions are nonlinear, This leads to a non-

Markovian description of tl_e dyi_am.i.cs of the particle. We compute explicit

analytical expressions for the mean exit time r of the Brownian particle from

the potential well in which it is confined. Thus we derive expressions for

the activation rate k from the well, which is inversely proportional to t. In

the examples considered, the effect of.'the state dependent friction is to
i..ncrease r and thus to lower k.
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l_ifetlmes of non-equi]II)r[_u11 dlssli2_tive_.....................stea<l_, stat_.. .-Noise induced

transitions of the hysteret:ic Josephson Junction from the zero voltage state

into the _mn.-zero voltage state have been thoroughly investigated in the

literature, in a wide temperature range, including the very low temperature
range. This problem wa.,_studied in the context of the classical act:|vat|on

p_-.ocess of a particle in a potential well., Of equal interest Is the problem
of noise induced trausitions in the opposite direction from the non-zero

voltage state into the zero voltage state. The purpose of this paper is to

summarize our recent anal.ytical results on the latter problem of transition.

In contrast to the experimentally well studied transition from the zero

vc;Itagt- state, the transit_..(i._ i.n the. opposite direction were not well studied

experimentai]y and have |let been compared to theoretical predictions. It is

our aim to encourage experimentalists to carry out measurements of this

transition process by providing a concise summary of our theoretical results.

We describe the transitions from the non-zero vol.tage stage of a single

,.)osr.phsc_njunction due. t.o tile thermal noise. We give the transition rate as a

f_l_lC:UiOI_ of the jt._nc, tion's p,'-_r,:_meters. We calculate the ].ifetime of the zero-

vo]tae,,,., ..... ,;t.ep and the first: ]_armonic step of a junction with induced microwave

Yadio. tion. .Finally, _,,'e calculate the lifetime of the non-zero voltage st:ate
_t low tempe_.at, ures where shot noise c:ffect:s dominate those of thermal noise.

in this range of temparatt_res we use the master equation to describe the
.i mlcti on" s l,o:isy dynami cs.

[!_!it=£_,_£!L!.lf)_.ij_..L..{_l_._jlg._£t_ t,:, shot noise in Jose_h._g!!_junction,t_ We model the
n<,r,_a] Y_:-.'_:[.st;_nc_ of: _i [_yst__:re.tic Josephson ,junc:t:ion by writing a master
equatior: to de:!',"ribe t|_e_ irldiv.idu;._] quasipartic].e tunneling. We solve the

master eciu,a*ion bv a WKB method near the zero-voltage state and near the.

nonzero-voltage ._:;tate. We find that near the zero-voltage state the solution

is giw:._n ?,j,'t:he:i_ol.t,.:manndi.stributio", with second-order corrections while

r,_,ar th_:,r_onz,_ro--voltage state we obtain a nonsymmetr,_c, non-Boltzmann

d'stY[bution of vo]tai_e fluc.tuations, similar to the results obtained in a

plTevious discussion based on the Fokker-Planck equation.

._:]."-12.];_,:_c.i'_t_Y.UJ.L.i:.f_!if_.ii<_LL__.[j_{iL.f__121_t__ t__!.__j___s(__.!£na l..i on --Dc, i n t f'] ew - The in te r ac t i on o f

a premi:,:_d fJ.ame, wil:.h the flow near the front stagnation point of a body has
rigl_tly t-eceived considc, r;.d:_le attenti.on in combustior_ theory. Virtua].ly ali
rh,:!, inves1:_t::.;a1:].or_..* so f:aY haw_ been concerned _i.th high strain rates, when the

Jlame lies inside th_ boundary l_yer arm can be extinguished. By contrast-., we

consider moder;{te str'sin rates, when tl_e flame stands clear of the boundary

la)'eY _nd pushes t:hc_ incident flow aw_y from the body. The object is to
deternlil;e t-.his; dJ;_p]aceulr_nt effect, wh[ch i.s much more pronounced than that of
t:l_e boundary ].a'Tc.r.

l_ijjj.!i;!tSj..9.L._w___r.-2!_,jfi.m_2f::: .- A ,,.1,:_del eq,_2t:io,_ c.ont.ainIng a memory integral is
po'.._ed. The e:.:ter, t of the ,:_emory, the rel.axatLon time. 1, controls the

bif_r'.:,'._tion beh,'_vjor as lhe control parameter R is increased. Small. (large) X

giv'._-_; steady ¢'pr, r:iodic) bi.[urcation. There is a double eigenvalue at t - "\1.'

s<:parating purely ::Lead,/ (I < ,\!) from combined steady/'l'-periodic (l >. Ii)

st.::,teswith T--, ,,_as I --,,k_. Analrsi<;_._ |.cads tc, the co-existence of stab].e

steady/"pe.ric, dic ._.;tatie._{, .:.,r,d at] R is ]rwreased, the periodic states give way

to the st:_-:;_d7stat.e'_. Numerical solutions show that this behavior persists

_way from ._..---A ].
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o u n d "__2t.b___,_Zh___V!_o!L_Y_:Ji,___JJ,_.f_fL!b!_L_U._._3P_/_1.'o x i ma t: i c_n s t o M_ r k ov j.t_n!_p__pr o e e s s e s - }7e
_;llow that diffusion approxi.matior_.::,, ir_cl.udf.ng modified diffusion

approximaeiorls, can be problenmt:ic sit:ce t:l_e proper choice of local boundary
conditions (if any exist) is not obvious, For a c].ass of Markov processes in
one dimension, we show that. to 1.eading order it is proper to use a diffusion
(Fok.ker-P]anck) appYo:: :im;Jt:ion to compttte niean exit times wit:h a simple
absorbing boundary concli.ti,:_n, Howcw:c, this is only true for the 1.eading term
in the asymptotic expansion of t:l_e mean exit time, Higher order correction
terms do not, in general, satisfy :,;imple absorbing boundary conditions. In
addilion, the diffusion approximation for the calculation of mean exit times
i,s shown to bre___k down as; the initial point approaches the boundary, and leads
t:o an increasing relative error. I%, introducing a boundary layer, we show how
to co_rect: the diffusion appro×irnation ¢o oi)ta in a uniform appro×imation of
t}_:, mean exit time. We illu:;trat:e th,a_;e conside.rations with a number of

examp].es, includit_.g a jump proceF;!.: which leads to Kramers' diffusion model.
'Ihi::; _xample repres_ent:.s an extc'tlsiol_, to a multivariate process.

_"_'9oD_t__l.axat-:i oI_ o._;c i1.1 at:ions and period doubl ing in solid fuel combustion -
We consider a reaction-diffusion system which models t.he gasless combustion of
a _;olid material. Ttle ,._q\,,.;tem exhibit:s oscillating fronts, whose nature varies
as a funct:ion of the parameters of the. problem, The behavior oi t:he solution
along the bifurcation branches is stud_ed n_m'Lerical].y, by an adaptive
C!LeI_ychev pseudo.-spectra], nicr:hod in which the coordinate system is adapted to
follow the sharp o.qcill.at, ions of the front:. As the bifurcation parameter fs
•increased through a prJlnary bi. fuYcat:ion point., the solution exhibits a
t::-an';itior_ frorn a :-;t:ec_,.tily propagat:ing front: to a sinusoidally oscillatillg
front. This frm_t develops into _-_rel.axat-ion oscil, lati.on whose peaks become
progress.;ive]iv s;l_acper and st:_,eper. As a secondary bifurc.ation point, is
_:,.:ceeded, a period doub].i.i_g l>ifurci.._t:ir,_n occt_rs,

_p_{._rlli.£:._,,.f.._.Jlj._.j3or_ad__i_j2£_l:.j.c±).remi xed flamc, s i_ a gravitat tonal field - A
nonlinear _;tal:,ilit:y analysis of a plane flame subject: togravitational forces
a_,d .'-_;mal] volu.met:ric heat .loss is prese.t_ted. A nonlinear partial differential
equation descri.bing the evolution and structure of the flame is derived, It
:ts shown that the effect:_; of volunm_t.ri.c heat loss can be summarized in a scale

factor mu.ltiplying the strength of the gra\,it:ational force field. The scale
f,:H:tor _s a function of the heat loss coe.ffici.ent.

i!.U/_tion of _ combu:..4tible so[i.d wi_h re,:_ct:artt consumption - The effects of
excessive reactant: Cc,llSU.lllption orl t;lie i.g,,:lit.lon of a combustible solid are
i.nt:roduced t.t_rougt; a revi:.;ed scz:_l, ing of Che heat rel.ease constant. Large
n,:'t{vation energy asymi:,tot:ics lhen yie].ds a new one-parameter integral
equation govern:ing tl_e ten_pe.rature evolution near ignition. Analysis of the
:i.n t e g r a 1 e qu a t: J o n r ev _ar_1.s a c r i t: i c a_l v a 1.u e o f t h e p a r a me t e r wh i cll
(li'_;t.ir_!.Suiahes between the ,'.:;:_::;es c_f i. gr_ition and non-ignition,
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H__y.drodynamicanti diffusion eff_cts on the stab|li.t_of sphericsl_1._y__.e.x_p_a,ndi[_..__
flames - We example the stability of an outwardly pl_opagating spherical flame

accounting for both hydrodynamic and thermo.-dlffusive effects. For Lewis
n_._nbersless than a critical value Le* < 1 disturbances oE the flame front

grow during the initial phase of propagat.|on i.e. when the radius is
comparable to the flame thickness. However, for Le > l,e*, the flame which is

stable to thermo-diffusive effects becomes unstable only after a critical size

is reached. This instability is hydrodynamic in nature and is caused by the
thermal expansion of the gas. Viscous effects were found to play a secondary
role to diffusion for these freely propagating flames. In this study we
provide an expressJ.on for the determination of the critical size, or a
critical Peclet nL_mber, which depends on the thermal expansion coefficient and

on the Lewis nLmnber. The explicit depe_idence on all the relevant physico-
chemical[ parameters enables us to compare our results with experimental data.

Interaction of pulsatlng__qnd spinning waves in nonadiabatic flame pr_opagation

- We consider nonadiabatic premixed flame propagation in a long cylindrical
channel. A steadily propagating planar flame exists for heat losses below a
critical value. It is stable provided that the Lewis number and the

vo]._unetricheat loss coefficient are sufficiently small. At critical values
of these parameters, bifurcated states, corresponding to time-periodic

pulsating cellular flames, emanate from the steadily propagating solution. We
analyse the problem in a neighborhood oi a multiple primary bifurcation point.

By varying the radius of the channel, we split the multiple bifurcation point
and show that var.ious types of stable periodic and quasi-periodic pulsating
flames c_._narise as secondary, tertiary and quaternary bifurcations. Our

analysis describes several types of spinning and pulsating flame propagation
which have been experimentally observed in nonadiabatic flames, and also
describes additional quasi-periodic modes of burning which have yet to be

docl_nented experimentally.



23

A v a _'i a t i ona ] ...,a_]2Zligyl,(2;t_..J:,_9_ffjo_yjj=:i.__c.,a_-- ::jj,!__£,tjLar.L.y__pe r t:u rbe d bo ur_KX va I ue
prob]ems The app]..icatl.onof the t_chlziques of'Matclled Asymptotl.c Expansions
(M.I_,E.) _:<._slng_flar]v perturbed boundary value problems has provided useful
answers to both mathematical and physical questions. There are however

problems for which M.A.E. apparently fai.Ls, An example of thl.s type, given by
Carri_,r and Pearson, i.n

_u"(x;_) + uL(x;_.) _---i ;

u(-].;_) o_ u(].;c) ,= ll) , 0 < _ <:< ].

C;rasman arm Matkowsky have. shown that a relatiw,,].ystraightforward way tc)
reso] the indeterminancy Jn the boundary ]ayer resotmnce problem is to use

t:he variat:_on,:l] fornlulation of t:.lle problem. Their idea was to use the fami].y
of solutJorls d{,te.rm:il_ed by M.A.E. (wt_ic:t_ were deterlnined up to an arbitra.ry
constant) as the class-: of t:ri.al fuTlctJons for the var._ational principle, and
then t:o pick the corre('_ value of tl_e cor_st:ant by finding the value that makes
the variatj. on stationary. Because of t:he simplicity of this approach they
were ai.so able to generalize it to partial differential equations,

The purpc,_:;e oi this paper is to show that the use of the variational

formu]ation also quit-o ea_;:i, ly reso]ve the posit-Ion of the interior layers for
the zlonl, ir_ear prob].eui above as well as for related prob].ems. With this
aproach w,a will. also be able t:o see clearly how the number of solutions
chaT_.'es as the t)o_mdary conditions are variod. In addt. tion, we will see that
a careful examj.T_atton of the nonlinear problem using nn iterative procedure
will lend some insight: Jl_to why the VaL"iat:l.o_ml formu].ation works.

Spllr_ rica 11.X__j:i]2.,,_I_(].!n_[:,._i[iJ__ik_l!,_,._- A t:l_eore t Lea 1 study o f outwardly expanding
fli-_me:; origirlat:.ing from a point ignttion source is [.,resented. Spherically
symmetric so]ut.]or_s are discussed and tested for srabf_lity. Flames which are
stable to th_rmo-diffusive effects.; are found to become unstable after reaching
a critical, si_,e. This instabi, lity which ts hydrodynamt.c.in nature ts a result
c_f t.h_ int:eract:ion of: the f]ame with the hydrodynamic disturbances that it
g_..,ner.::tt:es via tt_ermal, expansio_. In tl_is study, we present a linear stabiIity
an,_l.ysis and determine the depe_,dencc:' of the critical radius on the relevant
physicochemical paz"ameters,

Flame _r_o...[L_.!gation in a rotatir_:,._i_ - In this paper we consider the influence
of centrifugal and CorJo].is accelera<i.ons on the form and stability of a flame
propagating in a rotating cha_nel, We. detect a discrete sequence of angular

velocities, n:ar wl_i.ch the flame propagation ve].ocity undergoes an unlimited
amplification, ]lt Js _;hown that s_ffJciently rapid rotation may suppress
cellular it:sr.ability in rho. flalne, We construct a self-similar solution that
d(',scrJbesa f].ame propaga t:ing in a rotating gas in free space.
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C._r_U.cj2v_di,:.._12.._aL_i_..L_.£,_gj.)_I_._K!AU,J_A_b.,_:Kic2_._-_!!!l:!.t.!_Ltj_,.'!.L_- We aria .L.yze the e flee. ts o.E"me I t ing
aild ro!umr, tr-lc, heal lo.,.._.¢;e._on t:he l._ropag;tt:ion of a reac.tion front i.n condensed
plmse combus'ion. (.',ollsidering both honlogetleous and he. tetogeneous niodels .for
tt_e re.act:ion rate., we cal.cu.[ate iile propagation vo, locity for steady, planar
burning as a function of the par_tmeters in the problem. lh particular, we
show that ti_is qtuintity is a mul. t.i-.varied function of the heat loss parameter.
We i nt:erpret th_, ccitic_:F1 value of tJlis parameter at; which the propagat:ion
veloc.i.t:y has c_ vertical t_i_gent., and which varie.s w:tth the mel.ting parameter,
as an e::t::tlmtion ].imit beyond wh[.ctl a steady, planar combustion wave cannot
su::;tain i t-:sel..f!. We also prosc.,nt: a model for nonsteady, nonplanar burning and
considel the linear '_.;tal_ility of the steady, planar so].ution, As In the
adiabatic.-, ca_e, thi.v basle so].ut:ton is unstable t:o pulsating dist:urbanc.es for
sufficient:lr ]arge v,'._lues of a modified activation energy parameter. We show
that the ef"fect:s of 1-mat loss, as well as mel.ting, are destabilizing in the
sense that: rho ......neutral st:.ability boundary.., be.comes more accessible when these
_)lteIlOlll_lld _t1.( _, t;,tl,_en J, ll(-iO _.I(.:COLI[I_..

A_DlctJ2.t::i_vc2_.2_'ljj.Jiit.-._'cti'c_] COlll[,tttiat.:ion of cellular f]ames stabilized by__:l__point
.:5_OJ:_r.,r.2_ - In this rlote we doscr:ibe t;Ele conlput;ation of steady cellular flames
for the problem of a flame stabilized by a point sour:ce of fuel in two
dimensions, We consi.der tlie d.ifftl_:ioilaJ thermal model of combustion, which
consists of a reaction, diffusion, convection system for temperature and
conce.:_tration, In tliis p_ol)le.m, the convective term models a given fluid
velocity field, cocre_;ponding to a point source of strength 2_.

Tl_is problen_ was studi_d ana].ytically in the .limit of large activat:ton
e_lergy N and Lewis nuinbel" I,, measuring the ratio of therma[ conductivity to
reactant diff"usivit_y, cl.ose ¢o one.. That anal.ysis showed that there exists a
bassic e_oluc:Jon consist, it G of' a cir.'_:c_lar flaine front oY radius R = _, with
angle-indc, t_endent te.lilp_r_Tture and concentration profi]_es. It was further
_.'.hown that this sol.ution was stable for L exceeding a critical value L < 1.

¢

Fo," L < L t.tlc__ basic solution was stable (unstable) according as R was less
C'

(great.ct) t:llan a critical, val.ue Rr.? F'i.rially for L < L and R sl.ightly above' 0

P the evo].;._tion of ali angular perturbatiori to a steady solution in the form
C'

olf a ,_-;inusoidal l],, cellular patt.err_ was described,

The anal.ysi.s i.s; a bi furcatton analysis with R as the bifurcation
pa_:ameter, it-. is vr_]:i.d c:nly locally, iii the t.mn_ediate neighborhood of the
bifurcation point, lt ts sometimes referred to as a weakly non.linear theory.
In order to determine the more glot,al behavior of solutions al.ong bifurcation
br.'anch_:_s, i.e., more inco t:he fully nonline.ar regimes, it is necessary to
compute the so]utions numerically. These computations build on and extend the
weakly nonlinear analytical resul, t.._, In this note we employ L as the
bifur:-'aL::Lon parameter at_d penetrat:e more deeply into the nonlinear regime by
l owecJ.ng L,
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Co].ored noise Jn dvnamlcal systems - We consider the problem of escape of a

particle activated by small amplitude Gaussian c.olored :_oise, from a potential

we].l. We consider various ranges of the. parameters representing the bandwidth

of the noise, its spectral height, and tile dissipation coefficient. We employ

singular pertu_:bation methods to derive explicit analytical approximations for

the stationary density of fh_.ct:uatlons about the determinist[tally meta-stable

state at the bottom of the. we.ll r and for tbe mean first passage time to
overcome the potential bar_'.ler and escape the well. The latter leads to a

formula for the escape (activatJon) rate. Among other results we find. that

t]_e mean first passage time is exponentially Isrger than in the white noise
c_Ise.

New modes of ,_/U.a!;_!-JleriodJccollibustion near a degenerate HoDf bifurcation

point - Steady, planar DropagatJon of a condensed phase reaction front is

unstable to distul-bances cor._,.._,,spo_dingto pulsating and spinning waves for

suffJ.ciently large va]ue_; of a parameter related to the activation energy. We

consider the nonlinear evolution equations for the amplitudes of the pulsating

and spinning waves in a neighborhood of a double eigenvalue of the problem

linearized about the steady, planar solut:ion. In particular, near a

degenerate }_opf bifurcation point, we describe closed branches of solutions

which represent ne_ quasi-pe-,.'iodic modes of combustion.

Stochastic stability, of non].inear o.scill_.qtion_fis- The stochastic stability of a

nonlinear oscJ.ll.ator parametrical.ly excited by a stationary Markov process is

considel._ed. The stochastic stability problem in terms of a mean first passage

time is formulated. Specifically, if the mean first passage time of the

energy E of the oscillator to a gJve,n energy level is finite, then the

oscillator is unstable. A method of averaging is used to derive a Fokker-

P].anck equation in the energy variable '1'he,stability criterion depends on
the nature of tb.e bou_._dary poi.l_t_;E = 0 and E ,= o0, an_ is expressed in tel-ms

of a Fe].J.er-type criterion, Our stabi].it:y condition is derived for various

types of nonlinearitJ.es, includi1_g Coulomb friction. Incontrast, we observe

that the star_dard stability cr[terl.on, i.u terms of Lyapunov exponents, is
inconclusive for this type of problem.
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B].stabT.e cellu].ar flame.,: We cons.lder the probl.em of a tj'lamestabilized by a
point sot:rce of fuel in two dimensions, We employ the. dlffusiona], thermal

model which c.onsist_._of a reacti.o_t, diffusion, convee, tion system o!_ equations

[or t:he telllperaLure and concentrat]or_ of the limiting component: of rfxe

reac_,:ion. In this model, the effect t:hat a given fl.uid field l_as on the

transport of temperat.ure and concnr_trat.lon is considered, while changes in the
_mderlying flow, _" ,_._u_.to thermal e:_pansio11, are not taken Into account The

given fluid velc, cit y field in our problem corresponds to a point source of
fueld of _.'trength '__, L "IRK. ,

lin addition to _, the parameteL's of the pr'oblem are the non-dimensional

activ_,t:t.on energy N, the ratio u oil the unburned temperature T to the burnedu

temperature Tb, and t:he Lewis number L which is the ratio of thermal

conductJ.vity to reactant diffusivity. This problem was studied analytically

in the limit of N(].-a) -_ ....and L ;_ i. That analysis showed that there exists

a basic steady solution consisting of a circular flame front of radius R _

with axisymmetrJc temperature a_id content:ration profiles. It was further
, .. where the

shown that: "his solution was stab!e for ali _, if ] > L > Lc,

critical Lewis number L -,,l-2/N(].-o) was 'predicted by the theory, For L < L

.it was s;howT] t..hat t-.}_ere, e,,:ist.s a critical va].ue _ such that for _ < _ the
C C ,

basic so].ution was ::_t:ab].e whi.]¢, for _ > _ the bas:i.c, solution was unstab].e to
C

-u-_F,ul.nr peL'turbatiox_s. ]n addition, for _ near _ , the perturbations wereC

si_(,wn to e\'olve to steady, st:,_bl.u, smal. l.-amplitude cellular solutions, which
bifurcate supercritic.ally t:rom tl_e basic solution. The cellular solutions

were .,_t_ovJn to exhil-:_t cre.,_t..,..; and tr:(n_ghs, with t.he temperature at the t:roughs

hi,,h_:,r__, than at: tt_e cre::;t.'-;, as is the case i.n experimentally observed cel].ular
f l ame.r. ' ':

'.l'heanalysis, which employs _ as a bifurcation parameter, is a .local

,':n,:_l.vsis valid only .in the neighbo_:,-_.od c'.f _ In this paper we extend this
" ' 62

an,::,]yst.s i_to the mc_Ye fu].ly nonlinear regime. Our numerical resu].ts show
t:hat as _ increases from _ the system exhibit,; a multistable behavior with at

(,

least two disti_ct: _.,table., steady cellular solutions coexisting for the same
parameter values. Eact_ ';uch stable solution has its own domain of attraction,

so t:hat the r,._su].tant sLeady solution depends on the inlt[al conditions

e:r,p 1 oye (t.

]in Proceedings of a Symposium t:o honor C. C. Lin, M.I.T., Cambridge, MA, June
1987.
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A nonli[near w,'._vee{._tmt.iot_[t__onadiahatlc flame jOji_:.o._\g_i_oll We derive a
non][near wave equatl.on from the d[ffusional thermal mc_de],of gaseous
combustion to descrlbe tl_e evolution of a flame front. The equation arises as

a long wave theory, for raffles of the volumetric heat loss in a neighborhood
of the extinction point: (beyond which p]._nar uniformly propagating flames
cease: to eyl.st), and for Lewis n_imbers near the critical, value beyond which

uniformly propagat.l._g planar flames lose stabllity via a degenerate Hopf
bifurcation, Ana]ysis of thr equati.oI_suggests the possibility of a
singtllarity developlng in finite time.

Dynamics of nearl.y. _'xting_isho.d non-adiabatic Eremixed flames in a.

gravi.tationa], fiel.d - A nonlinear stability analysis of a uniformly
propagating plane flame subject to gravitational forces and small volumetric

heat loss is presented. A nonlinear partial differential equation describing

the evolution and structtlre of the flame near the extinction point (i,e. the
point beyond which a uiliformly propal,,.ating plane flame cannot be sustained) is
d_rived. It is show_ tl_at this equat:ion admits nontr.tvial, solutions beyond
the extinction point:, The :-;ol.ut:i.rms repre.,;ent steady wrinkled flames, which
are spatial].y periodic in t:he direct:._.on t:ransverse to the direction of
propagattoT_ of the flame,

Does reaction j2ath curvature Rl.aj_ an role in the diffusion theory of' multi.-
dimensional act-ivated rate gy_ce__%_._.'_?. - The two-dimensional Kramers' barrier
crossing problem tn the overdamped (diffusion) 1.t_mit is investigated with
particu]al: attentlc, n given to posstbl.e effects of the geometry of the
potential surface on the rate. Previous work ascribes corrections; to th_.:, two-
dimeT_sional Kramers' formula to curvature of _::he re_._ction path. In contrast,
we find that ttnese eorr_::ctions are due to tl_e anharmonicity of the potential
surface at the saddle and may become appreciable for small witldow frequency,
_..e. flat pote_t.ial s,.tr.[:ace at tl_e saddle in the direction perpendicular t.o
the react:ion path, A genc_ral, form_alism to cal.culate such corrections _.s
described.

F_ r s t order dgil.!f_gn_.iT_:a:_.d_r:i.:X_,k_j22_ r__s2pi d Ma_:kovi an j_uml2s - We cons t.de r the e ffec t
oti rapid random jumps on the beh,':_vi.or of deterministically stable dynamics.
Tt._.e random driving :force (noise), i.s taken to be a state ,lependent Markov jump
process wt th eithc, r finite or i_finitTe state space. While the jump rate is
high (O(]_/r)), the jump size is neither small nor large, but rather O(1). For
a particle which i::; determinist:ically confined to a potential well, we compute
the stationary joJt-_t probability density functi.on of the state and noise
variables, the probabi]_iuv distribution of the exit points, and the mean. first
pa:::;sag.e time. from the w_:,ll. In toni.rest, to the case of white noise, where
th_:_se quantities det_,_d on a barrier height- det:ermined solely by the
pot:ential, here the3' d_,pend on an effective barrier lneight deter:mined by both
the potential and t:h{, _oisc,. process. Our method is to introduce the small
p,_rameter r., wt,,:-::re, l/e is a mea:-;urc of the rapid jump rate, and to empl.oy
singular perturbation met:hods to sr_lve the forward and backward master
equations, _or the ,qt_o,.,e mel_tioned quantities.
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A f i r s t _s sa&!_o._:.I,t___n.e_3.._coach t.o s _,'_r.I__ ,_._t i c s t ab i I [ _ o f_ non! i ne ar os c,.i ,'LI.a t or s
- We. consider t}le stocha._t-icstabi]ity of parametrically excl.ted nonlinear

r_o:I.syoscillators, We formulat-e the stochast::ic stability probl.em in terms of
first passage times, Sp,.,:,cii'ical.ly we ca].cu].at:.ethe probability that the

energy, remains bo_u_dcd by a preassigned level E for ali. time The stability" " C ' '

c:t:it:erion is then expressed in terms of a Fellec-type condition. We show that

if the criteciorl is sati._fLed, the probabt.l, ity chat the first passage time }"

from g to gc is finite, appreaclms :,'ero as [!; ,approaches zero, so that the

oscillator is st:ocl_ustically st:able. If the criterion is not sat/sfied, _r' ts
finite with prc, babiltt,/ one, so that the oscillator is stochastically

t_nstab!.e, if "$: is finite, we also ca]culate the mean first passage time to
E Our st.abilit>" conditi.orl is derived for various types of nonlinearities

including Co,ll.ornb friction, tl_ con'crast:, we observe that the standard
stabi]i.t:y ccit:erion, in terms of I,yapunov exponent:s, is t.nconclusive for. this
t:ype of problem.

.AD_it!l,3_..kj__._L_.C._',f.:L.!_!,:_C..sL_ectra].method for ceac t:.t.on dt frus to_l problems .. We
corlsi.der t:he spectral int:erpolat:ion error for both Chebyshev pseudo-spectral

and (]a!erki._ approximations. We develop a fami l.y of functions lr(U), with the
r

t:,roper,:y ¢:t_at t.tte maximum norm of the error i.s bounded by Ir(U)/J , where r i.s

a,_ il_teger and .! is the degl'ee, of' the polynomial approximation, These
!:unctiona].s are used in am adaptive procedure whereby the problem t.s
,:b,,namica].]y t:ra,_sformed to mini.mt:::e I (u). The number of col.l.ocation points• 1:

.i.s tl_et-i chosen to mat.nt:ai.n _ F,_.:es(:ri.be.d error bound. The method is
i l.l.ustreted by various examples f:'l'o,1 combustion probldms in one and two
d i_rnerlsi on s.

i.).i,f f..]__;!.nn.__t:__kg:o.g2Z[ of __,_lt:i.d_met_-:;#o__al. activated rate $_roc__:s_es' the role of!
ani.sot:ro.p3i - We <:onsider an ar_isot_.opic multidimensional barrier crossing

pr,_blem, i_ the Smolurhowski (diffusio_) l:ilnit, The anisotropy arises from
either or bo.t.h_lle shape- of _ll.e.pot:.entia]energy surface and anisotropic

dif.fu_io_. In s;twh ._.::it,.1,:iti.o_s, t.}_,, sc_l.)aratrix, which separates reactant and
pr'od,_.:_: ::egi'._s of att_'_ction, does not: coinc.ide with the ridge of the
pot:e_tial, surface, whicl_ :_:;epar'_t.e._ reactar_t and product wells, thus giving
rise. to a complicated ti,ne evoluI:jo_. In the asymptotically long tj,he limit,
the. time evol.ut:_ov, is l?o,,erned by cros;_;Lng the separatrix and is exponential
with a rate _,::t-;i_.'.t-_:nay be ebtaine.d _s a g_,nerali.zation of Kramers' theory to
t.h¢:, anisot:rop_c' situaI, ior_. In contrast, in long, though not asymptotica].ly
].or_i_ time._;, t:I_et. ime ew_lt_tior_ is dou_inat:ed by repeated crossings of the

, , ' o _ tt:_:J_,e ai-_d .is __c,nexp_)_entJal. Su.._l r_onexponc:rl is1. time evolution has been

ub.s,,_ved _r_ many bic,,"i_emi,'a! reacti:)_.';, wi_ere many degrees of freedom and
a:;/._:ot.copic: ctiffu!:io_ t)coc_,,:;,-ses lead t._ romplteated dynamical behavior. Our
modeJ., i,rc, vid(_,:; a ,_,;imple p_o_otyf.,e of ."-;uch sit. uation.s.
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J::!J2i_acqj.21]L.___.-'!2L!!!_LoJL_....o_.';_U_!L!_)/J..PJ2!.:.i...J.!i_ (_ _OJ!lj c_ l___gy s t e ta s d r f.v g_n__t._e d n o i s e •
We construct asymptotlc, e:,:pan.,_ior_._of the (quasi) stationary probability

density lm_ction ar'd of tl'_emcal_ l:.irsL-pasaage time over a potential barrier,

for bistable systems drivon by weak wideband Gaussian colored noise, when the
inv_>,sltv. _ ,_,,I_the c,'_vrei_tior_ time r ot the noise are both small., Previous

analyses hav_ led to ,_,variety of often cont_:ad[ctory results and to

considerab.le co_lfus.io_, which st,_m from the fact that the problem depe.nds on
L%o • _sma,1, part_metet.'s 'if, iq results in different expansio_-_.s, with diffelTent

r,.._:_ges of valid.tr:J, deFel_d_>_g on L.he r_-_la,[ ire magn[tudes of ¢ and r. In
contrast, we. t.i_.rive o>'p_tl!s.;Loz_s tbat are uniformly val. td throughout the entire

FaFa:F,c.'ter :ar_ge oi Interest. ii, addition, we identify restrictions on the
_a_ges of v_,lidi_y, in ter_:_s of tl_e t:otal power output e/r of' the noise, of

previous].v derived ,_xpa_:-;ions. We show that only .if the power output e,/r
?,_.c_,n'_es '_f::r,i t_ can pre,.,i,_'as]y derived expansions be valid. Our results,
'_:i:en _:;)ecla]iz_.d t() tt_i.s ca._o, redttcc t:o e:,:pansi, ons previously derived.

,.'.,._,_id,:, t:l_e roxl_ict:cd k'_:ge, i.c.., for .f.'ir_ite or vanishingky small power
{>,_ti_t_ts, :;.ur e>:i?;.tn:.;ion::: {,._:_taJrl tel:ms 0.,hic!_ are new, and wt_ich may in fact:
d_p, il:,"_te previ, ,_,l',' com'p_tc, d te.rm:..;. ].n cent:fast to tt_a use of olle-dinletls.[.onal

dlt.tusi<,na] e,'ppro:,:inla;:ion._; _,rev_oL_sl_, _mpl.oyed, our approach is based on the
ti::,.c_ct _::,,o-di!lJ,,T_sio!_,l] Fol.-l,'cr. Pia_ck eq',.mtion. Si.r_i.,;ular perturbat.ion

t,,chniqu,.s, l,CC_"i(_u::;lv O.,:'v_i,._l_:d by tl_e authors, are. employed to
._.;vs;t,matic,i!]v derive _,.!_( a:;v!r,t:,totic e>:i)ansions.

:_..:'_ L<,:!_.!:f;!.!!!! .k..t...!!g'....z,.9i..:3/.;.!..... _,t:£_i,2/! ,_!'..c/tA.! j...!?._;._iI_5..,,:it.. " Pul s a t .ing so lut t..ons to a mode 1.
_)l f,>:? .. ! (, ,.__ <-oI1:;._ 1 ,,' LI !_llLi>.;(a ('(,:l_})tl_:;t it,li aYf, ._:;'-_:died numerica]iy, as a function
c,i ._ t,!<:,,,:__Lel7 !z. wi_iL'h i:.; p.io[,(,!tJol_,'.i] Io t hv_ non-dilnor_.';£onal ac t ivat: "ton

">' ri;)'. ;'_._,.> r,_ r}_, c::.:_>tt_, rmi react ion, a coa:t:,ust-.ion wave propagates into t-he

I:', '.}_ !_,j '.r.:i:.:t:J._¢... l.;e'J',,; _.'. vit ic,:l '.,ilium>, 1.,1 t:h<: _0a\,e p_:opagaFes at a

u_,.i lc, vm ,,_1o,.i.' v For t_ > l, 1 t_._ iodic l_ulsations ocaur, of period T --'r(/_).

]l.--_;it )s, F;-I,., v_! i(.-,, i..[._, ,_._ lll(._ c'.olll[)_lSt, iOl} W_IVP. i.rlcI'easos and decreases
,

,.,lr:a.,k3. 'I'i_ pul.s_t'i.:,r_.', a)e ,.,:ir'_u:::o,da., f:".,r I_ near [11, and then develop
pe. 1 io '" _

i:,!o ,e];:t;,:,:lt_ol_ o.,:,:"]i,'.,tio_:., a:, t_ i:; _ncrea:se.d. A tran:._ition to a doubly

F,_ ri,::,<tic 'ip,':,ri,_ ;.:'_) _:,:-J_::_on t_rar!,'i_ is fom_d at a value [_n,: > 1_1.. Stable

(j i (_j ' ] _ --' i ' " lP+ ' {1_ l -- j[ (+Li ' 1_ j i 1+ S ( ' [ ' _ t J' : )' _ _+j 1: ' i i[l } t } { ] J } 1 l _; ({ [ t 1' ( } C O l _ ] t ] _ l t 1 e _ {I t I) e 3' O _] _J _1 t l'll ii r (i (: "_:1 i t i' (; a l

l,::,J_'. /._..._> 1_2 . Fo: ;, :_' z_;,, ,:;rabJe T per:fodlc so].ut.i.orl:_ are again fourM.
•Jt _k

'r_ .,", v,. -i of ;_i,, ,':,bitry , w_t:h < t_ ) in which bot:h. ,_<_,' i:_. _s i'nt,_ :. t ' (1_ <I_<i_ 3 . 1._2<:I_ 3

:;_':J,! ,' atld _,,,,:! )v t,,.-ri(,,;i, zoltil i(,;_,, sf ably coe:,:i.st, each with its own domain

(",!_,;_-,_ ;,",_'::(. i,: _.,"r ;\. ' . .-i r:-:_ , t;_..',._.?._:._ Ue c:ot_t;i,fler bistable systems
:r'{ V<',Tt }', ..v .,t,_ i,.,_.",alv v.,i:t,.i.,c,_,d (,,_,:;.,:1.:,..', (?O:Ol"ed t:,c,ise We con,_t, cuct. ulliform

,:,::" .:"' ,_I ':';':i-' :.:_i ol,..,.; _.f rl ..., _i;t ,,' i,>:_,,,v/ proi>abi i i ty density funct:ion and of
"', : ,:,,, iv."..: ::,,".n '_,',.,. f_r .;,.>.-,11 _,'_..:_:::i'..v _ and ':;t_ot't correlation ri.me r of the

_...,;_:,. ii',: _i.r:,i c.l_,.,', tor ,tJffel'( _,t .'alucs of t:he _ot;:al po,,_el7 output: _,/r of the

:_(,i_;t ,di !.:o1"_: f l,,ltl_s i7_ t.l_e a.s','_p_ott,_: e:<par_s:i.ons be.come dominant. For r <<
_ .,,,.'- rec,'.,',,ei i r,.'.°io,.t:,",: d,_iiv,'d _:e:av, l.t.'-;, while for r ,= 0(() :?rid e. <'.< r new

_: [";c',ze{cli',e'::: of :_ t., ni,,r.,.r'_ < on i:,>:t,..__,ctl _' ; N. ,.,o..,;e in onlinear Dl.sstpative



Bi_/y_rc__a_2i£_rj_,').j?j...2?.f_ t tern l_r_t-T_t_t.i on ].T_ combu,:; t ion _ We _:_mpl.oy a comb[nation o f
anal.vtical at_d nt.u,mrjcal methods to deter|nine the bebnvior of so].ut, ions of

combustion problem,s. Spc, cif-ical[y we consider hi. gh]y nobli.[.near time dependent
s'vstem_ or" p,':_.rtia] d .ffe_Tential. equation,c; which model the behavior of. bott_
,_oiid and gaseous fuel combtlstion. In gas,_,_...,_, fuel. combustion we are
parv[cul.arly interest:cd in the tra_:_i.t.ion from ]___.minar to turbulent

combustion, including a dcs-;cript:io_._ of the intermediate stages of this
trans;if:ion. These ._;t:ages often occur as a So..qLtellCe_ Of. bifurcations, as

crJt.i,,:al parameters of ill<, problem are varied, with eac.h successive step
e::hibit:ing mor_ al;(.i l]]Ol"J CO'Ilpl;:_Y. spatial, aI_,_t temporal, behavior, often ].eading

to ._.pc_tial ,_nd ti.:ll,,t_oral, p,'..tterl_ tiorlnat]_ol,. The. solutions frequently exhibit
vel:/ ;5[;o_,.p gradi(...itts, 1[l both timc_ a_d 5;pace., thu.,.; naturally calling for

ad:lpt:ive g:-iddi,.,,g iocl_J_ique::;. We. trove developed un adaptive pseudo-spactral.

method wbich is b,)t:!: v,.rv ,'_ccuirat:e and rtr;Icy efficient. Our al.gorit:hln allows
us t:o dt, scr[i:Je tll,? ._;c,l.utiol_ oil bifurcation branctles, well beyond the region

'_,.'})(-'17(:' ,[t][_tlv_,:i.caj m_:_ttlOd._; wo_'k weil. We. have l_owev,..-.r taken advantage of the
analyt.ica] results l,v,;_t v;e tir.,.;t obt:,i]n, t.c., aid us in choosing appropriate
par_._r,t__< valtte,.-; _,(.t .{,,_i.tial condit:ir,ns for the ntuncrical, computat;tons. Irl

adcii_ion t..he ,qnal.yti_.Fl rc_.sult_:_ s_r',,e as bc?nchmarks for our computations, The
c,,mp_tt,"_t.;ons reve,::_l n_?w and it_,te._<_:st.:].ng behavior, _ot: otherwi.se obtainable.

To i].lustrat:,s_ (,u_. __..:)_]ts we disc_._,s_; two probl.ems, involving solid and gaseous
'_i,._e I c._-,,.q_.b u 5;,'.:i o _ r e s p t_c _ i v e ] y.

1_,. Proce_(l_gs of Ni_th [n_,.'_rnat:ional (;onierence on Ordinary and Part:ial
DJii<,rentis] Er.tuatio_s , D_mdee, Scot L__n(;l, July 1.988.

'_',:;.5.,2..,kt]j..!,:.iL_!::(2']l_!l:_z_)-I:lci!_±c_,._.2 'l'h_., p_obl.c?m oi. a f];,me stab'lized by a line source
of f'_._>] of e;t:r_:.r_gtl_ 2m_. i_; 5_c_.1',.._::,tnumeric.ni.l.v. As; _ is varied, first a

].,.ifurcat i.r_'_from ,'._,_:-:is',,nm_etr ic ::;o]ut i.o_ t:o a sl:at:ionary cellular sol.uti.on is

iound. Tnc.r,:_,'_:,in_.,,g f_II_.r, c_ _._cqt.t_:._ceof transition_,_ to stationary celIt_lar

solt_t:ior',.,-; oi incre,,,.,._i_g mc_(ic_ _.,.mJ)er is found. Each transit:ion fs accompanied
b;,, a .,.egJo__ oi bi:-;tabi]i_tv where t:wo :.,table st:ationary ce]lu.l.ar solutions
,.ov:.:ist.. ea,-:]_ wi!_h ]..ts ow_ dc, mai_ of at:.t-_'act.ion, Evidence is presented t.o
sinew that: the modal tra>.,;it.[ons occur via subcritical bifurcations.

_'_i.f,v_2_...!)i'±_.c__.c-_'-bL.__'_'_(._r..,..f_i..:J.?.!_.Fj.!_{!J___:>.__j.<t.L._7tJ_!J.!g__i..!]_.._C..OJlJ_.'u_g_ti__oj_!_,s2gn t h e ,.qi.s I n c o mb u s t t o n

_;yp.,tl_e,.:i:_, t.J_e st.e.adv, planar bu_nJng oi a propagating rc, act-.ion front is
unc, table tct, t:[nle-t;,,,,riod_c mode:: of burnitlg for sufficient:]y large vaI.ues oi
tl:, _, _c;:-iv_:_ .i_ _,_ergv a_d the me]ti.ui.,; t_'_mperature. At.- critical \_.I].U()S Of tim

r,:_dius of ;:_ !o_/', cv]{ndt-ical ._-;,,_pple, t:wo sets of modes, which correspond to
l.,ul._;,:_t:.i.t,g and ,_;i;,inni__,. co_=:b_st:.io__ wave:e, are :,eutral!y stable simult_neousl.y.
A non]..inear st:abi] i'..y anal,;_is i_ the neigL_t_orhood of sit_ct_ a radius then leads

to tt_e t:,redic_ion oi! addit ional et_',':,btC_ so].,.,ui, on branc:h_:s that correspond to
_.,:,w qu.:.q i - periodi c IIlodes ()i ga:, ] t,55, ,:olI_bt_._.;t { oil,

_n P}:c,c,:._odir_g.s ,,f lntoc_;tSon,_[ S'emF.O:.;i_tm _ (;ombust:ior_ and Plasma Synthesis
;)t ltiEh "FelTIt)¢:?F_it;I.]17(: !Iat:eli,,:_l';, San F]a_c. ir, co, CA, Oct-. 1988.
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F!9..d_]=.!.n_. and numerica] com[:ut:,t_on of a ttorl_;tea.d__.SHS proce_.s -Combustion
synthesis, or self propagating }_igh temperature synthesis (SHS), is a new and
innovative method for t:|,e fabricati.on of high tech c.eramic and metallic

materials. ]n t;hJs m_-,thod a sample (say a cylindrical sample) consisti.ng of a

com,patted power mixture i,:;ignited nt one end, A thermal wave then propagates

through the sample, converting urfl0urt_ed reactants to products, The SHS

proce_-,s is important not only be.ca_tse of i.ts technological implic.ati.ons, but

also from the point of vi_w of basic science. Modeling and analysis of the

Fcocess involves the study oi complex dynamical systems. The mathematical

mo,:le.iconsists oi" a svst+r,m oi h.igb!y _lonl.inear partial differential equations.

Studit:s of this system n,:_t c,nly le,id to a greater understanding of the
cc'._,bustion pro,_ss, but tlJe tl_eoret i.cdl prol:,/ems describing the process pose

::,(_rious cha]Iet_.!;,>,_!; whic}_ re,.luire the development of new mathematical methods
for Lheir r<:,;,_!u:ion. Fit_a]]v, the insight gained from these studies 'helps us

tc, unclc, rst.,:+nd _:1_... i.>e],_vi_o+. of I,Lt. p_¢,c'ess, which is a necessary prerequisJte
t:o ou_ ,:d:,ilit.v to ef[_,ct:ivel.y co_r.rol t],e process.

'_,,c,_cot,_sider a r{:act+i(,[, ft_,t __;o-called ,solid f]am+_) propagating through
a cylindrical _t:,'._nll:_le, F+xpeYitm..,i'_ts have revealed a variety of modes of

ptc, pagati_on t.t,rougt_ th_> :..;ample, I_ addi. t:to_ to the unfforml.y propagating
b,l,"_n:_r tront., l:tlcre have. t._.'_;n obse_:"eati.ons of ii) pul.'._attr_g combustion, ira
w}_ich a planar frc_nt: t)rop;..!Sates wit7}, all osci.].lat:ory velocity, (li) spin
comi_.tstTiol_, in w},].c1, o,_e or mor_:, hot spots (luminous poittts) are obsel.'ved I.o

I_.,c,vc, il_ a ]acLie:al mc.,_it':_t_ &.[ol_g t:f_e :,_trface of the sarnpl.e, and (iii.) multiple
],oit;t c_,m'bust, ion, i:_ whic]t ti_e 1;o:: spo_:s app+._ar, disappear, and reappear

j-c.p,-_at:e:1]v. I"i_,_il.y, e:<i+,:,rim<,_;'::; indt(.'ate tl_at in certain cases burning
,,::cc:urs t.]tr,:+,ughot,' th_ sa_,q._le, whi]e in otl,er cases burning occurs only on the
surface of the :.a. ole ,.qr.,d not in it-s; interior.

Lh._ employ bot:t_ a_alyt:ico..] z,.,_d nume_:ical metl_ods to study the SHS process,
]s p:+rticu!a_, we obtain ,_c,]_,tiot,.s t:,'., ,.qtmt. ions mode.]i_D, , the process, which

de:.+.:"r.ibe the al_o-_.,e montioned ot)_'-:;ui:ved modes of propagati.,._n, as well as predi.ct
t,+,-:," modes oi pt:(i,,_igattion , e:,:l_ibJtri, tlg yet more con'pl.ex behavior, t_ot yet
rc, p,.:_,+.tcd erpeTimental].y.

I;_ Pr<,ce,.:+d:i_g.,-; oi ]r_t:emn;_t:iona] S)'ml>(,.'-;[,_m o_ Ccu,bu.'.;tion and Pl.asma Synthesis
o_i High 'I'en'pe_,iture M,+_teria].,:.;. S,'.t_ l:_-a_cksco, CA, Oct. 19fl8,

]_ji_L!_L_T-_s_._L_2j_.-{J.2fi-`_%;_La-]_sj_b-_e[_-_C_`-L_k1_;_7j.zLa] ....[_l.{El!es - Tb i s a r:t: i c ] e i s c one e rne d
wit.h ,*-he, l i_,e,:.,,r st:ability ot c3,!i.t_dri,:.'_,] Flames in a vel.oct, ty ftel.d generated

by a line seuro,.- of fuel of con,:.;tal_t: st t'ength 2?rt_ per unit length. The
,a,_t:l_ema*.icaL _r;::le]. it_volve:: t:be eq_Jat:ic, rl.,.; of ma.qs and heat transfer in the
r;.};J<,ns_ on r-_itl_er sid,.: oi th_-.., tl_;_me she:or atoll a set of jump conditions across

,,:.]._c.,i:l:{:_.: :::t_e,':.I::. l.t achni._ :-; _:-,.t)a:;iu solut.i_on representing a stationary flame
ironr :;t_ t:h_:, st,:_p,, of _ circ.,,tl;,_ cvii. ltder at ,a radial distance tc from the line
:;,.;urce. 7he ,: :iru_l_r fro:_t loses stabili, ty ii. either (f) the Lewis nmnl:,er of
the zeact:.!,-,n. ].]mi tj.hp ((>_;po_}(:tlt is [c. ss than some cri.tica] value less thatt 1.

a:_d _: ;s L;vear.:er than ._, ,,[tica] vait,_.+, or (ii) the. Lewis number is greater
tf_!, ,a ,.::.'."i.'-_,:;:_] va]ue t_re:at:,:r tI_;:,n 1. ft_. the former case the circular front

(:voi.'oe_; inr,.:, a :s{e,.'_,'Iv cu.!lx;i.ar' fror_t., in rho latte.r into a pulsating front,
',,!':JuiJ mav ,'.-,]so be ce]tu]ar_ "I'tt_.. WF.I; _r:e,'..l,c,d is employed to derive

,.,l,I_rc+:.ximo.uir_n_; f,.,r tl_e p,._]s,.,ti.r_g and cell_til.at branches of the neutra].
s_at.)i l. it 7 c;.,.rve,

=



L'_imeric_l coml_'Ak,:!t._gn 9_[j b.i_:kUT.!L__tt¢_2}O..t_herlomena and .patt:ern f'orma_ion in

,19m_)23A._t_j_Ll- _e develop and e,lp[oy a new numerical method to study problems in

both gaseous and solid iuel (condensed phase) combu_;tion. The numerical

method i,:_an ext,._1_siot_of the adapt.lve pseudo-spectral method previously
introduced, in that: two dimension;:_l, non.product coordinate transformations

are introduced so a:._to efficiently compute fronts which have a strong
trm,.sverse variation.

In conde_sed phase, combustion we consider a reaction front (so-called

s:olid flame) propagating through a cvllndrical sample. Such problems describe

the process of .:.e]fpropagating higll t:eti:perat.uresynthesis (SHS), which is a

new and innovative methc, d for the fabrication of high tech ceramic and

metallic materials. A cvli:idrical sample is l.gnited at. one end and a thermal

w_:..cpropag,:,tes t)irougl.,th,_ sample, converting ur:burned reactants to solid

produ:t,,. _.e dc,._.cribev_t::ious modes oi propagation, which have been

" --- red bi. furc,:_ti(ms from a basic solution corresponding toe'_,:p_,,r i m.e__c ;xl 1y ot. ,,c L- a::;

,'iul_iforlnl'/ propagating planar front. Experimental obserw.lt:ions include the

ca,-:,:.,wl:e_nb,..:_ni_g c,ccur::; [I_ro_j!l_o_tt[-he samp].e as well as the case when

burning occu:._; on tl,e surface ot tl_c _alnple, but: not in its interior. The

additional modes c'.fprol_:_.!!,at:ic_ninclude (i) oscillatory combustion - in which

a pl,{_:,r ll,-,_nti,r_pagat:c_, with ;_n o,.sc[.]]ator),velocity, (ii) spinning

con_bu<_i.ion ,- in w],icl_ o_c or more hot spots (luminous point:s) are observed to

move .i> ,-:he]iea] f_.s}}:i,.,_alo_Ig the surfac.e of the sample, and (iii.) multiple

poi_t conll:)_::;t_o_- in wl_ich the )_ot spots appear, disappear, and reappear
repc_atedl.v, More sp,.,cilic;_ily, a t_:{,_:;ic solution is obtained which describes a

m_i_,:orm]/ propag;{!:in}.; til:la:lr ir_)nt:. By varyi_g critical parameters of" the
p_,,bi.,.:_m,we _:onst_.uct ,_d<i]tion_[ s,_lutions on branches which bifurcate from

,.he b:.:._ic:_¢:,]_i¢:_. ']'l_c._.,(, solut-io_s e×hibit both spatial and temporal

pat*,c-rns, whic:h },._COlile IHOI.'(' til'ld ilK)rc. COIIit)leX as the distance from the
bifurc._t_on poil:t i_: ir!.c:veas(:d. 'lhus planar o.'-_cil, latory combustion has been
dll_l]y'aO.d _"lS a p'l..,:II],':il: or ,"i>.:{,'_.yllanot:l:[C ttopf bf.furc, ation:from the basic so].ution

wl_i"<: ::_t.,[_i_,!.' ;_r_,i In_].<:it._lo poi_t combust.ion have bee.n analyzed as traveling
c,F,d stan,!ini,, wav_ pat:tor_._ of>ta!ned as non-axisymmetri.c Hopf bifurcations from
:.]_e bi:_,zfc _:,o]uti.<>n.

Biturca',:ion theox'y 1,-: a local, t.)_eory valid in a neighborhood of the

bifurc,ti(>t_ tpc, int. Tr.> .';t'._3' t.lto behavior of the system in the ful. ly nonlinear
_.,._:]me isr7 f.r<ii, the bif'..)cat.[on point numerical comput:ations are employed._ , . ) ,

"]ii_:.':;c ,:',)n_p,._[.ati,,r_s r'eve,al r_e_' a_d int.ere::;t:ing behavior, not previously

p,¢_di, ct:c_i bv a_;il.vt4j,::. As an e-:ample, in planar condensed phase combustion, a

r_,.-_ ]v sin_s:oida'! (Jn timo) ::;o]_,t..Jon is computed for parameters near tile
bif'.,rcat, io_t point, h:_ t)_e par:_.,;_et:ers a_:e varied away from the bifurcation

poir',.t, _:,:.:trc_melv ._.__\'_:l,e lelg_:.:at, ion osci. llations develop and a period doubling
,.;econd.::_,vv t)i. fur,.'at]c.,r_ oc,:urs. O_, _I_Ls branch the relaxation oscillations

_.)_,c,>!n_.e ,,,_._t :!_.,,rt_, r. Beyond ,,_ (',:::_ tai.n point the period doubled branch becomes

:._s.t:,}>ie ,'._n<t e:.;t,abi ti_v 1,elul'lls _o t.he singly periodic branch. We: also
C.Ol_S_(!, I; t?o;!.-l,],:,I_:it p,..lIsat ing p,_t terns.

1:_ i:'v{_cec.:li.:_gfs ot 'i}-ird ]nt.(.rnatic)_'_al Confere.nce on Numerical Combustion,
Ant:i.bes, Fl:'a:_ce, ,.....a ]089.



N_,n]inear zJr:a].ysis of cr_t_dei-_sed-ph,a,_e .'._;urface combustion - This article is
concerned with the structure and e-;tabilit'y properties of a combustion front
that propagates in tl_e axial, direction along the surface of a cylindrical
sol i.c_ fuel el.eme,"_:. The fuel consists of a mixture of t:wo finely ground
metallic powders, which combine upon ignition in a one-step chemical reaction.
The. r_.action is accompanied by a melting process, which ].n turll enhances the
::_ea:'.tior., rate. The combustion prodt_.c_-s are in the solid state. The reaction

:::one, inside which th_, melt:ing occurs, is modeled as a front that propagates
ai.ong the sttrface of I:l_,._cylinder, The different modes of propagation that
have beer, observed experimental iy (such as single- and multiheaded spin
combustioT-, and multiple-point combustion) are explained as the resul.ts of."
bifurcations frore a uniformly propagating plane circular front. The stability
properties c;f the various i_lodes are _liscussed.

.t_'.[L_!L...._ii:__J2J.ft_i_i.Y_.::.K[_..._E.e_Di_hk]..,l_m.*:f_e_t.g_.i__$.J__:t!!._.eLi- In this s tudy, the stab i l ity oi"
pl.a_e st::ret.cl_.ect flame, s, more spc,.ciftcal].y plane flames in straining fields,
has be_:_ii, examined. It: is shown ttiat f.lame stretch stabilizes long wavelength
,t_,qt:urbance._; and so cat_ s;uppress the hydrodynami.c instability, If in
_,jd:itio_.:, t.he Intxt:ure is deficJ.c,p.t in the reactant which t.s also the weakly

diff',lsing compo_ent:, and he.nee the Lewis number is greater than unity, thermal
effects; wi]l stabilize t:l_e short wavelength disturbances. Thus s l.tfficiently
strong .stretch can render ,q flnmc_ absol_ltel.y stable. The instability, which
fi.:st appears l,y reducing t:Fm _,-;tra:tn rate from the critical value, is in the
t:oTm of longi.tudi._al cel_ls.; with ridges in the direction of stretch, By
roducing the stra.in rate fur'ther a ce!.lular structure will. probably emerge.

ProEO..L,fLLi.._\M.:q.Ed 52,._!_iM:7:i o r3_ckf___q_._f.je!ne._j.E_.i.L._st_,.'._&.'nat: ion po [ nt flow - The
inte:'actio_ c,f a premixed flame with the flow near the front stagnation point
of a b_dy has; been recon.,.;idered in this paper for the case of moderate strain
rat:es when the f];.._rn,_ .,:;tan<i.._ cle,':,_ of t:he body. We prdvide a detailed solution
which J t_cl.ude,'; t:t-,<-,d<t:_._rmi_mt:i.or_ ;,f _l_c'. fl.o_ field as; affected by the burning,
t.hc_ fl.ame :;tandofi _li._t-ar_ce and tl_c displ.acement of the incident flow. In
p,.+:_rtic,.._a'," w,: d,>te_minc: the star,dolt! di skance at: which extinction takes place
when t.he 1,¢,wis null_bc_.t7 associated ,:,,jth the deficient component of the mixture
is s'_tff!.clent:]v l:{r!i!.e. Un].i.ke _,_r.:,st previou.,; st_.,dies this extinction curve is
bctsed on s_t_ a_o. lysis which fu]ly accounts for thermal, expansion.

_4_)7_&u_l._ rj._._._<.L.X.=],i.,e._ u a t i o n d _+_:;c r i b _ng t h e I:o r m."_t t o n o f c e 1 i u I a r f l ame s - I n
rb" .... note we derive an evolution equation that models the spontaneous
i,_;_,abilltv of a fl,'tm¢, front whici_, air:hough t:ormal.ly correct to the same
,o_der .:ts the Kuramoto-Siva:::i_i.n._;l=y e.'|uation, contains a meaningful modification
('.ol_i.I'.,g "i.,qlo [.,]&)' p_:'imarily in region.,.-; of large gradients. The approach used
is a reg,_lcri:::r._tic, r_ procedure t l_at modifies the conventi.onal expansion
prc, cedure which fails whenever t_t_e gl'adient.s bec'.ome large; the new equation is
believ,-d to better dc,:_cr.ibe the fo_.-lnat.ion of patterns on the flame front.
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Two Routes to Chaos .inConder_.'..sedPhase. Comb1_stion --The equations governing
two models of gasless comb_tstior_whlch exhibit pu].sating solutions are
numerically solved, The models differ in that, one allows for melting of the

solid fuel, while the other does not. While both models undergo a Hopf
bifurcation from a solution propagating with a constant velocity to oT1e
propagating with a pulsating (T-perl.odlc) velocity when parameters related to
the acLivation energy exceed a critical value, the subsequent behavior differs

markedly. Numerically both models exhibit a period doubling transition to a
2T solution when the bifurcation parameter for each model is further

increased. For the model without melting, a sequence of additional period
doublings occurs, afte.r which appare_itly cllaot:icsolutions are found, For the
modeling with melting, it is i!ound that the 2T solution returns to the T-
periodic solutior_ branch. Then two additional windows of 2T behavior are

fo_._d. After the last ,i;t_.c}jwindow, the solution no longer returns to the T-
p_riod[c solution brancl_, l_ut.rather exhibits intermittency, with long laminar

regions i>terrupted l:,yrandomly occurring burst.,;. Further increasing the
bifurcation p_t'nmet-er l(?ads to shorter 1.aminar regions, with the bursts

occ,_rring more frequent.!.y. Increasing the biJ.'urcation parameter yet further
leads_ to apparentl.y fully chaoti.c solutions, The numerical results
delnonstrate, two mechanisms for chaotic dynamics in gasless combustion.

_...Dir_.A!.ti__At_5Aro.-'._ch to the Exit Problem - This paper considers the problem of
exit for a dynamical system driven by small white noise, from the domain of
attraction of a stable state. A direct singular perturbation analysis of the
forward equatJm_ is pre_4ented, based on Kramers' approach, in which the
so].ution to the stat:i_,_,arv Fokker-.PJaack equation is constructed, for a
process with absorptio_ at the boundary and a sourc.e at the ateractor. In
t:l_is form:.l].ation t;l_e t.)otl_ldcllT)f and matching conditions ful.ly determine t:he

tu_iform e::pans;ion of the solution, without resorting to "external" se.lection
criteria for t.ilr_ e>:t3g_.FlSi.()l'i coe-ffTi.cie.nts, such as variational principles or the
L¢:_gra:tg¢ identity, ,,_s in our previus theory, The exit density and the mean
f irr;t passage tj_me to t:tle I)oundary are calculated from the solution of the

st,at:ionarv 1:'ol'.ke_-Pla_ck equation as the probability current density and as
the iiiverse of t:he ',oial flux on the hov.tndary, re.spectively. As an
al;plicatim_, a tm_form exp,"_sion is; constructed for the escape rate irt
F,r,'.._mers' problem of ac t:iw_t:,:_d t!sc_lpe from a potential well for the full. range
of tt_e dissipation parame, l.er.

Cot:defusedPhase Coinbustion with a Merg_ec_lS___e.r_uentialReactio____n Mechanism - A
model is preset_ted for t.he propagat,ion of an exothermic chemical reaction

through _._ccmde'c_sedcomb_.._stiblemi',:turewhere the reaction is characterized by
the seq_entlal production and dep]et:i.onof a significant intermediate

speciesl. The e.ffr.-ct:;of inelting of the irllt:[aldefi.cie_t component and
intermediat:r.,spec.i_:s are also included, Under the assumptions of large

,activation (.n_tgies _r_ct both steps of tl_e reaction occurring at nearly the
._:,:_H_ecemperatu_e, t:ogeth_._,:" w:ith other con.':;traints on the effective heat
rel,:_;a,::ed d_.r.i.r_g eact_ st:ag, e oi _.:l_e combu.,;t:ion process, an asymptotic
appro:-:[.r_,c_t:iott for :._le ._.;pce.d of a m_iformly propagating planar merged reaction
front 5u giver_. A ti,_t::,-dc:pc, ndent e_;'/mptotic model is also derived under t:he.
same ,_:::sumpt:ion_; 'I'hi.s i:; 'as,_d to ctetermine conditions for the loss of

.';t:,abilitv of the ',._ni.form]y propay;,t:ing planar-front-, solution via Hopf
bifurcation to a puis;at, jnf , propagating-front: solution i.n which the velocity of
prop.;._gation varies i)eri(_di;'a].l.'_.



S_tZt_)_L!?g Ce]]_._,.]ar l:'].ames - Tho. probl.,em of a flame st:abilized by a 1.in,_ source
of fuel of sr:rengt:h 2"__'. J,; solved numerically for values of the Lewis number L
< 1. In this paramete.r regime analytical st:udLe,_ _s weil. as previous
ntm_.artcal studies hay<, found sl:atior_ary solutioIls cor_'esponding to both
axisyn'anet:ric and ce]lulal: flame.a, ta'o::' sufficient:l.y small values of L, we have
computed t.ime perlodic p,.1].sating cellular solutions in the form of traveling
wave S .

Unj_f_o.y.)_LSo_lution ot! Kramers' Problem by a Direct 81212roach - We consider the
problem of exit: for a dynamical s,l_;tcs:m driven by small white noise, from the
domain of attraeti.on of a stable state. We. present a direct st.ngular
perturbation analysis of t:[_e forward equation, based on Kramers' approach, in
which the ._oluuion to the _;tati.onary Fokker-Planck equation is constructed,
_-or a proce._s wJt[_ absorpti.on at: the boundary and a source at the attractor.
The exit: den_:t, tv and the n_,.an i"ir_t passage time to the boundary are
calcula,t-.,' from the solut.io.,._, of the stationary Fokker-Planck equation as the

proh_.,bi].i.t.y curren,: density and as ehe inverse of the total flux on the
b_,und;_ry, _e:-;pectivel.y. As atL appticatior_ we construct a uniform expansion
f.'.,r th,_,_ esc.__e rate i.n Rramers' activated escape problem in the fu].l range., of
t!_e cii .'.;5.i[)ation l),_r,"tmt:et-ev.

.,._k...'_;!r.,Iit,._2T._j_.C.._ 0 tj.__!2_t__ t.-.c2IX ij_:?.a'_k_"ozL..._!..UL!E_PJ_72.(_"::._!.'..Le:_.' We i n t r:o du c e s i.n gu 1 a r
i_ort_rbat._,,_ tec.t._r_:{qu_..,.a for co_':_tr'ucting _sy_:,pcottc approximations to the mean
./Jr::_t pas!.:a)r,e t:In_c arid tt_[, probabil, i.ty density fui_.ctic, t_ for Markov jump
t._!oc_.,r-,.q,,s. {.)_1_7 m_,t}_,:J<l.'; are _pplic, d direct, ly to the equations governing t.hese
q_:._nt:.itt.e:_ ;_nd do _.,)t: .[nw:_lve tlm us_". o17 di_f.us!.on approximations. For the
Inc,':in tiiTst. !:ass;ap.,e t_!:a, problem, an interval condition is used to account for
t:,o'_sibi.e jumt_s of ti_e process over t.bo. boundary. The WKB method is used to
c_._:,.:;t:r_,,c,t tt_e pr'obabJ 1 ity density funct-.ion. Examples from chemical physics,
conse.::vation bi.ology _,nd t-:}_e theory of large deviatior_s are used to illustrate
o, ll7 nt{:'t}toos. '['}le proper',_'hoice of bourt,.t,:try conditions for diffusion
approximation_; t:o t:tm mean first passage t.tme t.s given.

A__.Tx_!n._Di._naer,.¢it.i_r}__.h.d_,__:_!.:i.".._e._.E_.___!I_J,cx-,q_.p e c. t. r a I. H e t h o d ,- We d e v e l o p a tw o
dimep_-::i.onak adapt:ire ps<,udo-spec, trai procedure which is capable oi:" Improving
the at.},ro:'imat:{o_ of t!unctions w!_ich are rapidly varying in two dimensions.
The m_.-.thod i.__ .t)Cl._.;t':_tt On ir_t-rodt.mit_g two dimensional coordinate transformations
ct,o._-;et., to _t.i.nimi_:e certain f:unct:iona].'; of the soluti.on to be approximated.
The: method is ii. lust.rated by numeri.c,_l computation of the solutions to a
.'_3's_:._.,Ir_,:,1: r_,act i.ort di fft_:i;ion Oqtt,"_l:iOll5; modelling the gasiess combustion of a
_:;oli,'.I fuo]. St:,at:io-temp,:_ra.1. p_._t t.:ol'liS ar'o computed as; a parameter _, related

to ',.!_e ,activati.o_ e:_er/Ty , is increa...;ed above a critical va].ue _*c" The spatial

p;_t:t_err_s are c:!_aract:erizcd bv a very rapid variation in the direction of the
a:<i:: of the cy/.inde_:', togo. their with a ,standi.ng wave patt:ern in the direction
of the a_;:'.tnl_..:t:lna] ,ang]e _. For small values of

,a -- /_c tl_e ._;olv.tiona e':.:t_ibit a _earLv. sinu._;otdal dependence in both time and

O. k,; # is incceas_.,d further rela:<at:ion os;ci[lations in both time and _)
occuF, Beyo,,:d a ct:it:iea1 v;_lue of: _ stabl_: time-periodic solutions are no
]_o:_.[.i.;cr found _:_nd tl_e sol,_t:iOl_ e:._hibi, t:s a quasi-periodic time dependence.
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Unsteadx Solid Flames Combustion synthesis, or self propagating high
temperature synthesis (SHS), is a new and innovate method for the fabrication

of high t:emperature materials. A sample (say a cylindrical sample) consisting
of a compacted powder mixture is ignited at one end. A thermal wave then

propagates through the sample, converting unburned reactants to products.

This process was pioneered by Merzhanov and col].eagues in the U.S.S.R. and has

been extensively investigated by J, B. Holt and colleagues in the U.S., as
well as by others throughout the world.

In this paper we consider a reaction front (solid flame) propagating
through a cylindrical sample. Experiments have revealed a variety of modes of
propagation. In addition to t:heuniformly propagating planar front, there

have been observations of (J.)pulsatlng combustion, in which a planar front
propagates with an oscillatory velocity, (ii) spin combustion, in which one or
more hot spots (luminous points) _._,.reobserved to move in a helical motion

along the surface of the sample, and (iii) multiple point combustion, in which
the hot spots appear, disappear, and reappear repeatedly. Finally,

experiments indicate that, burning may occur either throughout the sample, or
only on the surface and not in its interior.

We employ both analytical and numerical methods to study the SIIS process.
In particular we obtain solutions to equations modeling the process, which
describe the above mentioned observed modes of propagation, as well as predict
new modes of propagaI:ion, exhibiting yet more complex behavior, not yet
l:eported experimentall.y.

Bifttrcat-i(LT!.,__I_!._ttern Format:ion and Chaos in Combustion - Probl.ems in gaseous
combustion and in gasl.es._:; co_densed phase combustion are studied both
an,:_lyt, ical.ly and numerically. In gaseous combustion we consider the problem
of a flame stabLltzed on a line source oi! fuel. We find both stationary and
pulsating axi.symmetric solutions as well as stationary and pulsating cellul.ar
solutions. The pulsating cellular solut;ions take t:he_form of either traveling
waves or standing waves. Transitions between these patterns occur as
parameters related to the curvature of the flame front and the Lewis number
are varied. In ga_;less condensed phase combustion both planar and nonplanar
problems are studied. For planar condensed phase combustion we consider two
models: (i) accounts for melting and (ii) does not. Both models are shown to
exhibit a transition from uniformly to pulsating propagating combustion when a
parameter related to the activation energy ts increased. Upon further
increasing this parameter both models undergo a transition to chaos: (i) by
intermittency and (Ii) by a period doubling sequence. In nonplanar condensed
phase combustion the nonlinear development of a branch of standing wave
solutions is studied and is shown to lead to relaxation oscillations and

subsequently to a _:ransition to quasi-periodicity.

Polyhedral Fl_mes A diffusiona].-t:I_e_malmodel, for a premixed burner flame is

considered. We examine bifurcation:-, from a stat:ionary planar flame when a
double eigenva]ue is split, into two cl.osely spaced simple eigenvalues. Our

analysis shows successive bifurcations from the stationary planar flame to a
stationary non-planar axJsymmetric flame; then to a stationary non-planar _7-
faced polyhedral flame and finally t:o a time periodic (i,e. rotating)
polyhedral flame.
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Burner-stab1.1.iz_,dCel'J.ularFl,lmes - W_ con:;ider a model t:hat governs the

behavior of a premlxed, f]amc anc.lloredon a fiat burner, We show thaca steady

planar ilame is stable for Lewis nunlber.,_;L i.n the interval LI < L < L where

LI <l 1 _ind Lu < ] and _Instable othel:wise.

We d.er_ve and alm].yze a G_nzb>.rg-Landau equation for this problem in a

neighborhood of t]_(,critica]_ l,ewi,:,number LI., We find that a family of

spatially periodic solutions wI_ic.1_correspo_Id t:o stationary cellular flames,
bifurcates from the basic, solutlon. Subcritl.cal bifurcations are found to be

unstabl_,, in the ::;upercr.it.ical ca::_(, t_tler'e is a range of wavenumbers
sati'_fying the Ec_'khauscriterion, wlt:l_inwhich these solutions are stab].e.

_Je also find spatially periodic solutions modulated by slowly varying
amplitudes, The amplitude may be stationary spatially periodic, stationary
solitary oc ,._ tr'ave]]i.r,g wave

Us i_g_M__A..FL_FI,f_c2.r_'....J:.l-Le.._Ar_!!:_l_sis of Bi fur,:'at :Ion Phenomena in Condense__d-_a__has_.e,.
Surface Comb,._stion - This article describes t:he use of the symbolic
manipulation [at,guage MAPLE for the ana].ysi.,_ of bifurcat:Ion phenomena tn
condensed., phase combust:[on. The physical probl.em concerns the strucr.ure and
stability pr_perti.e:s of a c'ombust.i.on front that. propagates in the axial
direction along the surface of a cylindrical solid fuel element. Experimental

_' ,,':,,=t that the front m"_y propagate in a number of differentobservations...,ugg_ .... .
wa>.'._;; the objective of the in\,es¢.igation is to describe t:hese different modes
of propag_t;ion, ']'t_e anal,/sis il_vol.ves the .,;t.udy of a set of nonlinear partial
differential eqttat:jor_s whi,.:t_ ch,.,.;cril._e tile str'ucture and ew)lutton of the
combu_;tion front, Because the location of tile front ts unknown and must be.

found as part of tt_e SOlUtJ.otl, the problem is a free boundary value problem,
The purpose of this article is; to show how ,._ymbolic manipulation l.anguages
like MAPLE can be conlb_ne.d ei:fect:ive].y with analysis and numerical
computati.ons for this type of investigation.

l.lodes of Burni.ng_.j____ Fi] tr'ation Combustion - We describe and analyze a model of
filtration cornbu.,,tion, in wltich a gas is forced at high pressure into a porous
solid mat:fix so that afte.r ignitinr! and under fav,._rable conditions a
combu.,:_t:ion wave can propagate through the medl.um. We consider the case of
counter flow, where the gas is forced into the reaction zone through the
unreac, ted p_rl: of the porous sol.:td. Relatio,s are derived for the steady
:.;tate propagat.i.on of a plant combu._.:t:ion wave or front in the limit of high
activatio_ energy, from which the propaga t:ion speed, reaction temperature, and
reacted mass fr_.,ctio:t of th,._ solid l)rOdt,tc, t can be found in terms of _-he mass
flux of the i_jected gas, the gas pressure and mass flux on exit from the.
front., and ol:h_:r plly._;ico-.chem:ical parame_et's describing the system. Two
dist. inct modt-,_; c,f coml,,.,,-_tion are d[,_c.ttr_sed, corresponding t:o the reac.tion
being drive_ to c.omplc, t-ion 1)'7 exhaustion of either the gaseous or the solid
compo_e_t, t.h,_:_se 1,ei_ refereed to a:-: t.he ga._; defi.cient and solf.d defici.e_t:
modes of burning _,espect.[vel'/. For both homogene.ous and heterogeneous forms
c,f e:lle reaction r,':,t:e we. find that there i.s a critical in]_e.t mass flux for the

incoming gas bolow wh.ich _;t:(,ady s{:.ate :;o].t.ttions Ilo longer exist and that there
are parameter values f.oc which mul_-ip]e steady states occur.



D_!_b[4k;!_e.!j.i_d]c'W_vcs and t:]leTrar_sfer of Stab[].i.tly.in Col]densed Phase Surface

comhust, ior!- This art.icle is c.oncern_d with the structure and stabillty

properties of _ c,..mLh_,,..;t_onfrol_t:prop,_gatlitg in the axla], direction a].ong the

o_ter surface of a cylindrical solid fuel element, A nonlinear analysis ix

given that exp].a]ns th_: occ.ul:l<ence of spinning and standing wave patterns as

bifu.,.'catio_Js from a uniform].y propagati_ig plaTle circular front. Particular

attention is gj.ven to a st:.;,d)i],It;ytransfer mechanism between standing and

spinn:i.ng waves by means of quasi..periodic waves,

"]_tj_g___'._r.gJn_F_!'._...]:_.i!ig]',]_qlr__.t..r[ti_iC.'.l__'.!!l_'.[!.9_v.__2all...!_E?.g[ ,n,_ " ']'he 1{o1 e. o f t:he S tochas t t.c
.<,e_arat,i:.< - lqe c<t].,;ider t.ll_, pLoi)lcre of acti.vated e.,:.<cape of a Brownian
particle from a potent:ial well, We find the stochastic separatrix S (the
locus o11 start:ing points of tt_e phase ,_:,pa(.'.e trajectories which have equal
probabil:ities o!7 t_c,cliilg ,._p in!:;].de or outside the weil) for (i) the extremely

al_i_ol..ropic overd_mp(_d lH,:tJo_ of a t.wo-dtme_sional Brownian particle in a

"bist_ble t_ot:e_.t.i'._l, a_d (ii) t.l_:., danlped and underdamt_ed motion of a one.-
dimensio_,._l B1;o;,,,nj:_n t)atTtic]_, irl a .,.;i_g]e meta.,{_t.:ab.le state. The significance
(.,t" S i:.: that. (]) i{ d(:,fiites the re.¢_ct-ant: ,and product we].ls tn a natural though

n(:,t ne(.:(.:.,;,i_ar_ly intuitiv(, way, and (2) it reduces the calculation of tim
c...qcat,e rate to tl,(:, s(_lut:io_ of t:l_e stationary Fokker-Planck equation inside S,

With _]b::;ol'}:,i._lt! , t:,o,_I'!(1,:II'V colldil ioI_.q (aDS. Fina].ly, (_mpl.oy!.ng this approach we

{.IO'l'ivl:! aF' t_.Xpl(".S:.'l[()l/ t'Ol: l:tt(.? _'_llilll]O.F.q t:scape Yat.e which bridges uniformly
}_et'_e(,u_ k';_'a_n(_i::; ,.v_{_]< damt.):it_t ., reg:im,:, and transit:ton st.at:e theory.

[{_'J..!....!.!iiT._J_.,{(._'!.:........}]:....,...!_trT.._i....},'9!'!J!{!.tj..!?!i__!,.,tT_Ta_ls i t [on t:o (:t_aos in Combus it.on - We

::lu,t.>,, ptc,blem.; il} lJ_<_ d'.,,n_lukc.q all_t [_ilt:.{:¢.:l,ll [ocmation of boti"_ so].id and gas¢o'.as

!uc,] ce...q't_,!.qt i,,_. (_l,__a-,.,_,:_] i.,:; 1o understand tl_e basic mechanisms at:fecting the
,.?(,inbtl s ', _(.,_1 i)l:t_t._.._;s, w]_i_:[t is :{ n.:,ct_s:::;_cy prerequisiteSto controlling it. A

a,_] :{t.<,{t g(,_tl. J :; t:o dt,.,_crit)e t:he sp_,.t io.-t.empora] patterns that are observed
(_,_pet'lm<,_,tal]v ,'._:, vJell a::: to pr'cd.tct _e.w dynamical behavior, as yet
_mobqerved. '['t_._.; we wish t.o d(t. eriaim_, t:he nmchanJsms of successive

tran:..;Jl ion:.; t{, i_rea.,;ingly complc'...:i patter_; of dynamical, behavior, as
p,aranlet.,:,'_Ts o[ th,,_:problem ..'_re. varied. The t)rob].ems are formulated as initial

t,oundary-v;_l_e, probl_::,ms [or sy_;t:ems of.. highly nonlinear par'tf.a], differential
(.'It.lilt [.O1]. c] ll]OftO] J 11_?, t ]1_:_ 17(_] (-!V({II[ COll]bllS[:].()ll pYOCOSS,

_'(:: (_ml.,l()',,' boil, au;:,lytic'al a_d n,m_cr:ical approact,es in our investigations,
i_::; W('_]] (t:-; I},C., :i_¢l {'17(i,:1 [(,FI <,[ [ht? two approaches. In combustion problem, the

a<:tivat[o;_ {:_:'_'F, ie:, '._[" t}_,_ cl_e,nic,_.], r'eact:i.,,,ns that occur, are typically large.
_a.:_ :::, r_:,.,.;ult, t}_,. sl,ati.:_! r:.gio_ i_ wt_i. cl_ the ,.:heroical reaeti.ons occur to a

:g" gl,i { {,.a_tt ,:.xt.e_t, al:e t:[_in, l,',ye_: type r_::gi.ot_s termed reaction zones. In
t:l,e liluii o,: i_,Ii_ite ac t tva t: i on _:r_ergy, the reaction zone shrinks t:o a (in

ge:mr'i_l :az_Vjrig) surfa_'e t(_rlnc.,d,q l]ali_._:_front: (flame sheet model), In this
ca._;.a,t.]_edis t:_ib_t.ed Arr}_,niu.q ]'tact ir._ rates become loca1,ized reaction rat:e.s

or_ tl:e su;'fa_'.e, gJ'_,_nI,)'a :,url:ace _ fu__ct.ion whose strength is calculated by

t]_:_m_-,.,.hodol _na_._'l_.eda_:yml_t:oti< <Xl._,_tns[or_s.The analytical investigations

are carried _:;_ for tl,e c'.,,;:_:_of irlf[_,i,te a_:tivation energy, while the

n_in_:ric_l i.n'.._.,.';t:igalions are carried o_t- for finite, though large, activati.on
c,,l-:.'_pie:4 A hiJ!}l 17e'_O]_t. iOl_ ¢_[ _t_e reaction zones is necessary to accurately
describe tit,-, st_u<t_t_-_ and dy_mic_; oi{ tlm sol.ut.ion. Since the location of

the r-_ac:t [_,_ ::'.,:,_",e is not l.:_ow a-priori, but. in fact moves during the course of

_.<,mbJ.._;cion, i._ a t:.o:.;_it/ly (_s('illatorj manner, t,l]e task of its accurate

rr.:sol_ttior_ i._: ;_ c}_:,llen/;(, to tmmc:rica] methods. Inaccurate reso].ution in the
c,_]cuiat:ic,:_ c,'._ l(,ad '(, _umvric_] i._._t,'.d_ilitie'-;, i.llld more. pernic.iously, to

,<p_t'iOUy.: _nd l_ICorr<.,<t [)F_:di(:tiolls of dyr_al_lic.a] behavloY. To meet this

cl_,_]]_:,n%e,;,,_:.]_troch_c_.d _,_ _dal;tive pseud_-.spec'tral method, lt has been



_uccf._ssf_11in d_._,scri.biL,gtlle_:xperimenr,.._.l.lvobserved, _Lnd a_a].ytlcally
d_.,scribedpatter_l_._al._pea_i1_gduri__g combust_ion. In addition, it has enabled
us to predict m._w, a._ y_l unob._ervcd _lynam]cal patcern_;.

OI__tL__le Stabiiiit21,_gr [.;ou_t_tK_j._l.._q_..F_jItI._tion Combus tion - A mode I for tim_.:-

dependent nonplanar p_iopagatlotl i._:__l_-_,rived[n the l.imit of large activatlon
ener _ .,.gy, and is used to study tl_e stability of a planar travelling wave in
counter flow filtration c_)mbu_:iton, i.e., where an exothermic reaction front
passes throv.gh a poroll:; .,.olid medi,am t:llat reacts with a forced inflow of gas
to form a posoas sol.Ld, and where the. direction of propagation of the front is
opposite to tilat _.,f; t.l_e tn_'oming gas.

The m_,del admits two types oi tro__t propagation, (i) gas deficient
propagat:ior_ for wt-_ich the rea:".t:ion ceases ripen consumption of the _,as and
(ii) solid defici.ci_r propagations, t2_: which the reaction ceases upon complete
,:,o_vc_r'sior_ oil tl,_" ini._ial solid. Multiple steadt_ly propagating solutions can
occur. With a l_._te_oge_e.ot_._.; form off the reaction rate, it is found that gas
d,:_ficient prc, l_,._gatio:l is sk-,ible (u_slabl. e) when, for exa,nple, the activat:ion
_nergy i.s suftJcient.lv 1._w (t_igh), a_d that solid deficient propagation is
always unstable _..t_]e,ss the reatio_ rat:_ is ir_dependent of the concentration of
the gas, ln t t_i._. ]_mir::, _:;olid deft.cient propagation is also stable (unstable)
when Lh,."_ activation _,n_.gy i::_ s,_fficient, ly 1.ew (high). Sufftct.entl.y large and
small mass flux of Lhr: gd':; e.ntt:ri_g, tht_ system can also destabilze the
s;t.eadi]y t:,ropag_lting front.

i't_i].._!.*_t__.i r_g_,:.UL(.!._(.,J!gk_?__/j...2.._l._)v._.L_:!j__!.L_i.:_;_.__ai_.d)2_t2[J¢__.J'i:±t,i___Sit_:.leD_ I,i ml t We n_,ne r i ca 1 ly
,_,_lve 171,_ pr_blenl of a F,__,m:ixe.d t [;_lnc_ .Itr a_t a_nular re.gi.or_, in which the
_'c,mbustil,le. inixt._.l,:e ]_; tc:_l iii l-hro_igt, fine inn,:_r c.yl.litder and combt.ist:Lon
product_; ;:_r+:_r_:,.mov_:d t.hlTo_lgl_ t:l_c_ e;tti.,<i:' cylil_de.r at_d I:t_rotigh the stdes. We
(_lllplov a nl(_del, wllicii ac.c.**ll_.ts.; f:oi the f"ti]l coupltiig b_.t:ween fluid and
t_ansport: (_tiic, cty, c_t_l (:t_emica]. reaci:ion.,.;. The. model a('couats for heat loss
t:l_ough b(:,t:i_ t.I_:, ,,_,t.(:,r ,'lt:(.[ inr/tr cyl. indt:'ical walls. We find that as heac loss
1.:; incl?t_.;_._;cd (_r r:_,; the i_flow vt_](,city is decreased, a transition from
._:;tat_onary !.o pul._;al ii_; cc_.,,t:_u:;tion nccurs prior to extinction. For certain
i)aramete,, r,_,_g_,.q a l_:an:_ition to appar(.:,ntly chaotic dynamics occurs via a

t:'+'riod doL_bli,1, ,ie., _, C i't ._; C di ,

£].c2.__!Pj,..ft.r.!__N2'.YJJ_P_o!:.@_....(;I[._!.L_!_J__?x_. t;_J..Di.tR_J!_tk-l,,:___pcJ_!.yL.J_.i!.Jat i. ()ns i n Ga s 1.e s s Combus t i on - We
c:)n::.:i.der t:l_r-: _..'.,o]t,.t. ion of :i gasles_; con,busttiort front. Wc derive eoup].ed
,:_int,le× (;inzbttl-g-I,_t_rlau type c,quat.io_s tor t:he amplitudes of waves along the
[rent a'_; ftu_,."t ions _,i: _;!(,w te.inpora] _,_.l spat:ial variables. The equations are
,.,,c:it._:er_ ia ch;_..,c:crti.qic v_ci._bles a_d i._volv(, averaged terms which reflect the
i_,'_ctthat: i_ t.l_e._.;lowesttithe ,.=cs.lc,_:I_ el:feet on one wave, of" a second wave

tiaveling witl_ tt_e group valoc].t.v in t.he opposite direction on the
intetmedi.ate time scale, enter._ _r_ly tI_rough its average. Solutions of the
alnpli[.ude, eq_tatioI_s in tt_._ form of t.ravel, ing, standing, and quasiperiodic
wc_v_s are found, _Jnd i:_',g_ons oi. st:abi.]i, ty for these solutions are determined.
I_._ part i,.ull ar ,.qe tri nd _l_at the t:rave ] i _lg, mu:t quasiperiodic (including
standing) waves are nor: stable simulta_c:ously. Finally, we observe that the
st:;_bility analysis ioI.' co,._pled colnple': Ginzburg-Landau equations with averaged

(-_/ :terms:; ._l..I/fers from that t_r cot_pled compl.,':x Ginzburg-Landau equations with the
ave rage, s remov_,d.

(;c!!!l_l ed Comp.l _-,.x t:it_;--i_t_rg- l._il_(t,_t_ 'l_yl_e _uati <:,,'_s.i.t_ Ga_;eous; Combustion - Linear

_'_tab.il.ity ana]y,_;isof a un_lormly propagating planar nonadiabatic premixed
flame ,_;hows_th_._tal_ove a critics] value of the Lewis number, the flame loses

stability to r_co_it_luum of ,lodes. Employing a multiscale analysis we derive
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a pair of cotlp]_,d c(,,np[ex (;i.llzl)ucg-LaIldat_ type equat itri,,'; wh.[ch govern the
._:p,_tio-tempo_.l evolution of 7 the un_;l:able modes. The equations ar'e tlonl.ocal
ill ttl/l_: Cfi:[_ti,:l].l'| [i,rSll.t; /llTe (tVt?t:;l__.',e.d, F(.)I."a range of value.,, of the heat loss
p_ll.'amet:e[" }], _'e fTtnd .,:;tablc travel In?; wave::; W_l[(zh bt. furca_:e from the planar
_,ni[ormly propag_t.ing flame, iX,' 1t tlmreases towards the quenching limit
tt = l,"(2e) _:rave.].ing wav_,s lo,;e stabi, lJtv and chaotic behavior is possibleC ' _ i .

We als:o find quasiper[odic,. ,'ll_cI st_il_dillg wave solutions bur. they are '..mstz-lble.

k!att.]_j_j.0t_.,'::,_l Model 1_lg of StlS t'rocesse::; -. We. review a Tlunlber of resu].ts

p:eviouslv obtaJI_ed by matl_t:matic,:._l modeling of SIIS processes, and present two
1,_w result,..; concc:rn:i,lg (i) travelillg wav,z,s t.n filtration comb,:stion, having a
two front stiuct-ure arm (iii) a nonlinear stability analysis 1.n gasless
combustion.

.S.t_!!t?-_i.].!..t_t !2_f_P_J..flDc2_Wa__,!._::..._;.9...1_At,j:.!_n_,'!o__fij..f.j.gJ!__p,l ex C i n z b u rg - La n d a u Eq 1.,.a t i o n s - We
c.",n:.;ider t:h_, .,.;tal,i.lJty of plane, waw_ ::;oItttion::; of both singl.e and coupled
coinF,]ex G[_,;.',bul:g- !,,'_nct,,t_ (-,quation.,;, and dc, tct'mine stabilt.ty domain:; in the
space of coeJ"f.i.c.i._l,t:_ of tt_e eqtJ.atiorls.

!l<_nlocal Am[,lJt:t_de t'.',q!._at_!j,__!!i._j_i_...l_:act-ion Dtfftision S g.,-;t..c.:_ms We consider
react ion difft,sio_ sv:i;tems; t:aveLr .... tv,_._\,e,li._g wave solutl.otm which lose
,_;t.abi. lit:,,.,, via ltopt: bifurcation, when a param_-_ter of the system exceeds a
critical value. 'I',,.ki_f., into accotu_t the continuous band of wave numbers of
perl:urbati, o:_::; tn t;[_c: Jt_st:al)il. it:y region, we de rive coupled complex nm_loeal.
(;.knztmri; l,ar_dau equ_tion._ for tt_e an_plit:udes oi waves along the front, as
functions of sl.ow tempora.[ and spatial variable:;. The equations are written
in cha_:acteristic ,'a rl ab le _; arid invo].ve averaged terms whi.ct_ reflect: the facts
that (i) the bc_._;].(, solution i.,; t_.ot: .,;patial.ly homogenegus and interacts with
t-he wav(_s to pre, dr:ce avec_ged terms, ¢:,,_d (it.) .in the slowest; time scale, the
effect on one wave, of a :.;eco,_d wave traw._l, ing with the group velocity in t:he
oppo:.:ite d:i rc cti _,_ oc, tt_e i_terme.d:i ate tj me sca ] e, enters onl.y through .[ts

g.. Soluti_,n::; of t.]_e ampl. itu_l,:, equations in the form of traveling,
_;ta_ding and citl;_':;qper:iod[.c wart.,::; o.l'e fottnd, &tld regions of stability for these
:;olutior_s are cl(2t..crmined. We ot.,serv_:, that the. stability analysis for coupled
complex Gi_zburg-l_ar,,-ta_., equati.o_s wi.th averap:ed terms differs from that for
coupled complex Ci __zburg-Lattdnu equat.i.on:._ wi _:h the averages removed.

NonJinear l)'_nami,'_; oi Cellul,:_r l,'].aules The problem of a flame stabilized by a

line source of ft,_,.[ J.n the. ca,].]ul.ar re. gime, i.e,, 1, < 1, where I, is the I,ewis
number, is .:,_.]'.,ed nunlericc_].ly. .t: i,_,.-_ r fou_d that as l, is decreased

trc_nsit:ic,_s from .'..;t:atio_i;_ry axisymmetric to stationary cel.lular to
nonstat.i.on_;,!y ce]Iu]at fl.a,le.,:; occur. The. ;_on:.itationarycellu].ar flames can
exhibit b_,ttn p_v_:Jodic and qua:;i-pvriodic dy_amies. In particular, as L ts
decreased s,..tccef::?;.ive trar_s3, t:ion from st.at:ionary axisymmet:cic solutions, to
stationary f(.,___r-cc, l l_ so.lt_t:jr,n,_:;, to sl_i_ning f.our-cell solutions are computed.
'l.'iie spirmirlg f_.- cc-ll ._,c.,!.ut:ion:s arc; vecy solwly traveling waw.'.s thnt arise
due to a_ i_if:in_t<, period, r;ymme t: r ), ]._rcak.i_'.y bi.furcatton, in whi.ch the
veflect:ioa .';ym.n_e.t.r'/ c,f t:_,e sr,_'ior_...._ry four--ceil so]utic,__ is broken. Near the
_ ran:_it.i.o__ pc, i._t:, t.t_: ii:ave1 i>t; wave ::o].ution branch i.s unstable and
perturbation5 c:'.,c:_lve to el_thor a statto_mry five-eell or a nons;t:ationary
mi:-:,_.d-mo(.,'c: solution c,:.:!,ibit:ing at, parentl.v., qu;_si-periodic dynamics. If L ":;
f_rtI_er _tecreas_:d beyond a c_.-iti_..'_l, value I, , the traveling wave solution

.%

branct_ b+cc, me.,, stahl, e, I",_,y_,_d anot.l_er critical value L the traveling wave

hranct_ l._,ses _:;t.:_bt]it>, to a bra_cl_ of mixed mode, apparently quasi-periodic,



41

,;olut.ior_,; '_l_at appear t.o i_'i:;e (1_.,_,to the i_,te.ract.ton oi unst.ab]e three- and
four-cell, traveling wave s(,luti(_n.,;,

.(.__o_J!!_p.S_'_ti__c_,r_!_;$..y.z_.k]!gs_s___2J.i..._A.P_o_Ti,!:;_..l,_o.5!._L_- We cons ide r a model of fi lt-,:ation

combust:ion in :::J thin porou:; l aye:r !lm_mr,.;ed in a bath of gaseous oxidizer,
which p'rovides f(:,c e.xcl_ange of t:t,e ox[,.tizer between the pores and the batt l.
We employ approxJmate almlyt_cal metoods to derive explicit analytical
express ions for various quarltities associated with uniformly propagating
solution:;, i_:c.l._ldtng the combusti(:,n temperat_tre, the propagation velocity, and
the final depth _,I. cor_version, as we].] as results about the structure of the

solutions. We a l.,:;o employ nulnerical c.omputation to find profiles for t-t_e
reacti.on _:al:e, temperature, pressure, density and depth of conversion, as well
a:.; to determine the st:at)ilit.:y of the. solut, ions as a funct:ion of various
parameters, We J_de_cify a new pul:;ating inst:ability associated with gas mass
tr,_nsfer between tI_e pores and the bath, and describe the mechanism of
pul. sa t ion,,;,

}2ed:.i._C_q!r.!llTLV.tLi.9.1!.__c2Z.t';xp.,_n_'_i_.,i_ :i.n Combtlsion Ss, nt:hesi::_ of Porous I,a_ - We
propose a m,_th_._m,;t.ical ntoctel for t-he combustion of porous deformable condensed
mate:'ia]s, whic}_ we. t_s;e to desrril_e the deformation of the hl.gh temperature
produc, ts i_,duc.,-:d by t.t_e pressure diffc_rence of the gas outside and inside the
sample, i_ t.l_e abse_mc,, of ,.a_W external forces. The deformation occurs as a
rusul..t of po_,e colnl)aclion (expansi,:,t_), res,tit, ing in a more (less) dense
t_,:,(lt_ct: I,at.(,ri_l. To de.,-;cri}_c: t:I_r: evol.ul ion of porosity we derive an e.quation

wl_ic:h t_li(,wsu:.: tc, de.f.i_e a (:har.:_ct.e_:istic time of deformation td. II-" t d i.s
_;uiti,.:ier_t:lv ',ul;_ll_,r t.bar_ tl_ ct_;_ra_'t:._rt.stic, time of." combustion t: the

•' r ,

de.formatio__ proc,.._;.,: is. ,';t.*f't..{Ci_-'lll'.]J t:,'iSt, to compensat:(_ for pressure grad:tents,
so ;.:t}at. prc,:.c_u_c,, i_:. e(t_;._ii.;:,.,d al.most inst.;._taneously,';_nd flit:ration ts:

suppres:.:-;ed. I r` I.¢..t> I:1., del!,:_rma_ ion occurs sol_ely in the. product, and does

_.or: affect t.h,:, l_rc,t,:_gat-J_ velocity. We determine var;ous characteristics of
a ta;i form Jr pr_,I_,.'_,<,t :ing combtlstic, n ,,,_¢_vc:, _:_nd the mate,"ials produced by it,
su(:} _, as t}_ l,rc,l>,:,.,'.,_{.io_ veJocity, c(,mbttst:ior_ temperature, final depth of
co_v,/ersion .'-_nd fi_;,l po;"c:si, ty of tl_e produ(;t, ;_s a function of the
t.l.,ermophs_siccCI p,lrameter.,; of thr. system. We al.so tdeneif"y a regime of
pu]sacini!: propag,_t:ior_, i_ wt_ich ca,,e the fi_al porosity c:[! the products :is
p_.ri.od!,:: in space, W_? sl_o_,, tl_:_,:, hoLh t:he uni.f"ormly propagating wave arm the
p_lr-;ati.ng prc,t,_:i:,atit_v wave solutions.,; are stabl.e, each corresponding to it,_ own
i";_ramete_ rc, gi m(:,. We ;t] ,:;o t i _cl t]_at the deformat i.on process can affect
st:ai:_tlit.y. I_t p;:_rt:ict_l.ar, the c.fLecl, of_" vi.sc__:_ity is found to be stabilizing.

'['._,Q- }__£):'or._. l.ll.__I__'.C0.:::F_.J..J.!.!g'....5.4#_._V.q..SL_{..r__t21i ]=7_.!:..i!tL.-i.r.e;)_C__gA_fS,t_!_!;i _--!_k" Tt_i s p a p e r c o n s i de r s a
;1-,. ici of fi_l:-c_ti.on comtou.'_tion iii _._porous layer immersed in a bath oi.: gaseous

c,:-:idizer at.. c(.,n:..t:,::_.r, l:_res";:;r° Po' wl_i.c'l_ pcovi.des for exchange of the oxidizer

bet.ween t:h,:, p,>,-_._;, wl_ic.h have lair. is1 pl",:,;;sl.lre Po' and the bath. Such models

dc,,;cribe the ;,roce.,;s ol ("on_bu:;tio,_ synll_esis ot high-temperature material:::.
'fl_e (.'i._se is (.o;,.,._id_,red wl,_:_ the exchange l:'glto b between the pores and theo

i_al}l, a_d t"o are },ot:t_ small, will le tile: fi]t:ratim_ coef. ficie.nt b along the

t.,or'ous layer i..".; ]atge. 'i'ltu._.; t ll.e li!odw} de.r;cri.bes t-he process of combustion
:;yl_t:h:,s:,:; tu_(t,._: ],,_,,-p__.,,..;ur, ,;o_(lit-io_s. In tibia paper _miforml.y propagating
zo]'_tions havi_g two tl_i_ r(:;:_ctior_ zot_e._; i.n whict_ the reaclzion rate is
;_t_pre,:iaI_]t:, _;pen_.ate,.t by al_ {::<t:c,nded i_lterme.diate, zone i_ whi(.'.h the reaction
p!',,ceeds very slowly, are _ouitd. Approximal.e analytical met:hods are u_:;ed to



derive e>:.pljc_It ,_na]:!t.ica[ expre.s_;i.on._;for varlo_ts qvantlties of interest,

inclucl[ng t]_e co_nbu_,tlon t_!_ipe_'att.lt'ea_d the propagat_ion v_loclty, and to

describe the structure of the solution|. Also, profiles for the _'eactlon rate,

temperature, pressur,:_, den_;ity and d_pth of conversion are numerically

com_uted, and the two-front struetu._-_-_is',shown to be stable for the parameter
values consldf_'ed.

Slowly Varying. Filtration Coi|ibustion Waves - We describe the slow evolution of

the wave speed and reaction temperatu._e in a model of filtration combustion.

In t.he c_.unterflow conflguratiol_ of the p_ocess, a porous solld matrix is

col,w_.rted to a pol:ous solid product by itkjecting sn oxidizing gas at: high

pressure into one end of a fresh sample oi the solid while igniting lt at the

other end. Th_; solid and gas react exothermically at high activation energy,

and, under favourable cond_Itions, a self-sustainlng combustion wave travels

along the sample, converting reactants _.o product. Since the reaction rate

depends o_ t..I-legas pressure p i_ the po_'e_._,sm_,ll gradients in p cause
variations in the condit|.ons of combustion, which, in turn, cause

[nhomogeneitie_ Jn the pl_yslica] p_op¢...,'tiesof the product. We determine the

sl_>w evolutio_ oI! the wave speed, the _-eaction t,!:mperature, and the mass flux

of the gas downst_:eai,_ of! the _:oaction zo,_e. In the absence of a pressure

oradient ther_ is a bra,_c|_ of _-;teadily propagating solutions which has a

iolcl. For p]ana._: (li._;turbances on the. slow tl.me scale, we show that the middle

part of t-he.branch i_ unstab]e, with lhe change of stability occuring at the

t.urnJng poirits oi" t-l,ebranch. Wf,en the pressure gradient is non-zero, there

are. no st.eadily propagat.ing so].utlot_s and the wave continually evolves.

Conditions on the state, of the gas at: the inlet are described such that the

va_:iat.i.on in the wart,, speed and _:eactlon tem_erature Lbroughout the process
can be mln[ml.z_d.






