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Abstract: l’initc Differrncc Time Domain (J7D’J’D) modrlling has 
bern surcessfnlly applied to a wide variety ofelectromagnetic scattering 
and intrrartion problems for many years. Ilrrr thr method is extended 
10 inrorporatc the modellir~g of wake lirlda in particle accelerators. 
~\lgorithmir rrrmparisons are made to existing wake field codes, such 
as KIAI‘IA 1‘3. 

B&f-Fleyiew of FDTD 

l‘hc FD71) algorithm is a finite diffrrence solution ol’ Ihc time- 
drpndent Rfaxwell’s equations defined on a lattice of points which 
discretiars a voiumc of spacr containing a scatterer. This is depicted in 
Figure one. In order to compute the electric field value at a particular 
grid point we apply Ampere’s law. 
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Similarly for an magnetic field value WC apply Faraday’s law. 
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\Vave propagation, scattering, and penrtrat.ion phenomena are mod- 
eled in a wlf-consistent manner by marching in time, thal is, repeatedly 
implementing the finite-difference analog of hlaxwcll’s eqnations. This 
results in a simulation of the continnus actual waves by sampled-data 
numerical analogs propagating in a data space stored in a computer. 
Spare and time sampling increments arc selected to avoid aliasing of 
the continuous field distribution, and to guarantee stability of the timr- 
marching algorithm. Time marrhing is completed when the desired 
sleadr-state field behavior is observed. Truncation of the computn- 
tional domain is done bp implementing absorbing boundnrv conditions. 

Figure 1: The FDTD Unit Cell 

The FDTI) rode has been applied to a wide range of wave prq- 
agat ion problems both scattering and coupling II]. A good review of 
the code and its applications is provided in j2]. Some of these areas 
are outlined below. Gjven thr demonstrated capabilities of the FDTJ) 
code: this paper rxtends its scope ofapplications toaccelerator physics. 

‘Operatrd by the Universities Rcsrarrh Association under contract with lhr V.S. 
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Many codes have been written for the purpose of modrlling ac- 
celerator physics. The MAFIA code 1’3. developed by Weiland 13j to 
handle time varying fields in accelerators, is also based on a finite dif- 
ference algorithm. It employs a stair slep approximalion of surfaces 
with cnrvature in more than one orthogonal direction. The modelling 
of thin wires with subcell radii is not implrmentrd in the rode. 

Application to Accelerator Problems 

Incorporating of the physics of the moving part irle bunch into the 
FDTD formalism is accomplished hy altering .2mprrc’s law. A term 
corresponding to the movement of charge is added fo the right side of 
the equation. 
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The movement of charge is modeled by exciting the FDTD grid at ap- 
propriate spatial and temporal locations, given the desired path and 
shape of the particle hunch. In our simulations, rur~ed surfarrs are 
conformably modeled. Fignrc two illustrates the differences between 
the stepped edge and contour representations of two dimensional arm 
c&rating cavity. Accurate geometry representation is esperiallv jm- 
portant in high field regions such as found at arrelrrat,ing cavity nose 
cones. In Figures three to seven the geometrical axis of symmetry is 
lorated at a vertical ordinate of 4.5. 

Conlour modcllm~ 
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Figure 2: Stepped Edge V.S. Contour Geometries 

Line Charge Between Parallel Plates: The first and simplest -.-.____ 
problem we have considered is a gaussian distribution of positive 
charges travel@ at relativistic speed (v - c) along the plane of sym- 
met,ry of a 2-D smooth pipe. Since our model employs Cartesian co- 
ordinates, our 2-D problem is represented by two parallel plates. The 
analytical analysis of the parallel plates geometry is similar to that of 
the circular pipe, and predicts electric field lines to be transverse to 
the beam and normal to the plate surface. The magnetic field lines are 
also t,ransvrrse to the beam and normal to the clrrt.rir field. At II = c 
no longitudinal fields arc present. The magnitudes of the electric and 
magnetic fields arc equal. Our numerical solution is shown in Figures 
three and four. The longitudinal E field component is not depicted 
since it was found to be negligible. For these results, the bunch is 
propagat,ing in t.hc positive x-direction. This initial simulation shows 
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I’~gt~rc~ 1: (‘ant our I’lril of If; in il Smor)th f’ipc 

tIj(~ ;ll,ilitr r,flhc COIIC Ifs rrrr,rislrr!rt the prc~pe‘r phv3ics of the pr~~blPm 

Excilntion of a Two Dinlensionnl Cavity: ‘l‘hr rlrxt rxarr~I)lr 
ill ~sII: 5iilllilati4)ll is t!lc c-ucitatiw of an accl,lcr;,til,g rnr-itv bv il galls- 
sian djs! ribitti,lrl G,C Il,l\it i\-r charq~ rn~~ving at t hr spwd rlf light along 
111r Jrlaric Ilf i\mmrlrY. .\gain a 2. I) mtdt-I in (,;rrt rsian r4~ortlinat ~3 
ir ilwd. I:iqurci liar and six art’ rontour plots of thr f:, itrrtl II, field 
mllp”““nt 5, 1.‘.,p,“.,ii-tlv~ whirl1 W,‘T<’ <,XCilPd l,v Ihc p”S’“gr of the 
Imr:iclv bunch alorq tllr hwm pip?. TtIc% fieI(I plols ahoh that ttir 

iu-crlvraiinfz nudr r,f I hc cavity has hrcn rxritt,d: 1 hc II hid (capari- 

I ;LTICC) of 7 hp gravity is crir~rcnt ratrd nc%itr t h? T105e 1’011C5, Whilr t llf II 

field (inril:rtarlcrj is masimilnl in thr ,tp~~tT [mr1ion of the cavity. In 
Ihis iirlllilat iirn, Ihc IT,, iieirl rwnponfnts in the, cnvitv wuc frllintl ta 
IIf. sndl. 

‘I Irt> final s;lr~~jl;*r io11, illuhtr~trd in 17igurc wYI*n. is I hr rxriiatim 

of RII nrrlrratin; cavil\. in thv SR~C mannw a< rqx~rlrd abow. wilh 
I iir rxcrpt ion 1 hat I tlr rliargc dislribul ion’s p;Lth is elf 1 Ilr plane of 
iirrllllt~t r\r. It i, It,ratrd ,o that I hr distance frl,m tlrc t)ill tom platv to 
thr patli i\ thrw iirrws lhe diitancr from thr top pIal<* to thr palh. 
I hr drpictccl rv~lllts show t hr rxpwtrrl cnhanrrmrllt (of t Iw fi.’ lieId in 

thr ,,,J,Jw nose ronr gap with rrspert to t hp lower ~a,). 

Capabilities of the FDTD Algorithm 

Thtb adiuil of Iht, cr)iltour intc~gral i+l)[)roiLch ha5 illcrva5cd t ht’ Ya- 
rictv <If 513?1(.1 llW> that can br ;m;~ly~cd with t hr VW1 1) 3lgorithln. 
\Vit bin tilt, pas1 few vritrs 1‘51 scat ttvirrg from an<l cirupling to ilbjwts 
ivitli t!lir, 5I,,tb, 5viw.. clirvtti curfaccs. l)irililgiral bodir,. wlalivisticallv 
rnc,vitlg 511rface arid surfarri x\il h nc,nlinrxr timr varying paramrtrrs 
hnw bwn invrstigitrd. I)ctxils of thrsr investigations arc ~ammari~rd 

l*‘igrlrr 5: Cant our Plot of F,‘, in the Cavitv 

Kgnre S: Contriur Plot of If; iu thr Cavity 

bt-low. Thr contour intrgral approach is rmI)l~)~rd ill thr arrurat~ 
modelling of the object and is not rrlatetl t,o the modelling of the 
l,:hl srattrrirlg sourer. This implit- that 1 hc succcs5frrl rnrxlrlling of 
t )lc ;tl~)~r~ strurturrs iu part irlt- acwlcrators is a st raightforwnrd ap- 
plirat ion of I he conlr~r l‘I)‘l’l) mrthud. ThP cnmputatiorlal ovrrhead 
inrrlrrrtl in using the contour nppr<)arh i5 small: ii is ~)ropr>rtional to 
that surfwr arca of thr objrrt fur thrrr dinwnsional structures and to 
thr boundary lrngth fnr two dimcnsiiinal strrlrturzs. 

Curved Surfaces: Until rccr-ntly. all Iinitr diffcrrnrt~ methods 
qq~r~~ximatrd a curved surfacr with somr drgrrr of stq)prd edging. 
The ror~tmr F’DTI) approach alluws romforrnablc modelling of rurved 
surfaces. As rrported by Jnrgr~~s [1], tf his hfttrr rrprrsrnt ation of 
the structurr increases the accuracy of resulting field data, espt=riaIl,y 
near a surfacc.Ohjccts with nonzcro surface impednnre have also brrn 
modeled. The numerical analysis of 01 hrr s~~b~~li I’hyiics phrnnmena, 
such as surface roughness now appears t rnctable. 

Wires: rkvm~ I)irkllJ’s and monitr,rs RI’C sirurtures which consist 
qf variously configured plates and wires lorattd in the beam pipe and 
connerted to signal prowssing elt-ctronics rlsuallv by coaxial cables. 
The plates, wirrs and rc:axial cables (including the dielwtric insulator) 
are all nmenablr to thr contour I:I)TD method. Intired, thr FDTD 
analvsis of coupling to nli~llirondllrtor bundles has bwn validated 151. 

Thin Slots and Joints: The contour I:D’TD method has also 
been ap~~lird tn the ERl mod4ling of narrow slots and joints 16‘. The 
FD’t‘D ;dg,,rit hm has acruratc-ly predicted field behavior in and be- 
hind slots located in conducting scrwn. Complirnt rtl ,joints such as 
t hr IappPd ,jnirlt s were modrlrd. Slot illId joint path Icwgth rcsonanccs 
WPTP observed. Part,iclr acrrlrrat w-s arc assrmblrd from smaller pieces 
and therefore possess j0int.s 
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Figure 7: Off Axis I<xritation of F;, 

Biological Bodies: Bicllogiral malrrials havr hwn anal~zrtl us- 
ing the t’lI1T1) algorithm ;7]. This application illustrates the extrrme 
Hexiblit~ of I he nlgrlrithm in dealing with inhomogenrotls objects. An 
arbitran vnlur for cr, r and p ran tw assigned t 0 rarh latticr cell. whwr 
r, c and p nwd not br scalers. It is worthwhile to note hrrr that the 
rontwtr PI) 1’1) algorithm is not rrstrirtrd tn metal objrrts /1’. 

Moving Surfaces: In 18‘ it is shown that a surfare moving at 
rrlatiristic spwtls ran br modelled with the FDTI) code after s<)nlt’ 
morlifirat ions. ‘I‘hr modrl was t rstrd for uniformlv moving mirrors 
anri vibrating mirrors. I?vrn for rompliraled cases like srat trring frnn~ 
a vibratilrg mirror at oblique incidencr the rode was able to rccoI1- 
strrirt t lw proper physic-5 of the problwn. No system transformation 
ii rlic>d ;~lld the rrnltts nrr obtain4 dirrrllv in thcx obrrrvrr framr. 
This niodrl providrs a strong tool to studv many interesting problems 
xvhrro arlnl\t iral solutions are impussiblc~ 10 oht ain. A moving. dcnw 
plasma front is grnwallv treated as a moving condllrting wall and ran 
t hwrfnw br ~nr)drlrd with this codr. 

Time Varying Parameters: Ihr 1’1)‘l’l) rode also allows for thr 
modrlling of waw intrrartions with mrdia of timr varying param4rrs. 
Tine vitrving pnrarnct~rs crzu occur fur different reasons and it is im 
portant to know thr effects they might havr on wave srattrring and 
pr<bpagat ii,rl. III ‘Y a stutlv is madr of wavrs Brat trrirlg from a planar 
mrdia having a timr varvilig conduct i\-ity. To validatf thv nunwrical 
results an xnalvtiral approximate solutinn was derivrti. Roth rrsults, 
numerical and analvtiral, WPTP Fhown to hr in good agrppment. Again 
this rrwdt~l make it possible to studv many problems, such as art ive 
sllrfarf5, thar arr not possiblr to solvr arlalvt irallv. 

Summary and Future Investigations 

l’hi< init ial inwst igation rxaminwi thr propagation of a line rharge 
t hrrwgh two dimcwsional st rurt urri. The Two rsamplrs sclwtrd rxhih- 
itrd the rorrert phvsics resulting from a beam bunch pxritatiorr. The 
extrnsirlrl to thrw dimensions is straightforward. Considering the wide 
rapabilities of this code it is now possihlr to model arrrlcrating cari- 
tics. beam rnonit oring devires and kicker magnets. WC hope tn address 

t hrsr t,opirs in thr nrar hlturr as our nwds for such a modrl brromrs 
more urgent PYC~~ day. 
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