
R. Gluckstern (Yale) ~omE~~~~.J::~)8_~1:P.es 

As an introduction·'a previously used, (approximate )W:tll0d t1i11 lx; briefly 

outlined. (l!Jalldnshaw, et.al, !\'EPJ~ reports). 

(~()nsidelO\ til l02.:jcd cavity r.,nd define t11c UIlit cell 0.5 :;LtP:!n. 
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. 1. > 

The next stt!p is to imp· case Iboundar,y cond.itiorul'. . , 
f 

Ez continuous op surfaoe r" a 0 < I' ct 
, , 

Ez equal s::. 0 ont surfaoer • a ~ c:: I ~L :: 
. .· 1 ; 

Furthe.r~H{s:js : :~ )ccntinuous ac~ss the strip r -a,. 0 <. <.~.. The •• conditlonJ ·:rt~t~ 

the solution of a determinantot infinite order . F'er.!i4plieity normally Ol'lly' ~~~ 
tem An oil Ao is used. This leads to a trauc.end~ntal equatlGft in trequeney. ~~. 

~ \ \ 
. 11 1 t 

the frequency is kn.0W1'l the fi e ld d i str lbuti on can l'xt ded\lCed . Because on1y~h.e 1A.~ , 
term is being used the r esults are approximate enly, bwever, better aocuracies \~ 

be obtained by using higher order tetms. 
\ . 

A refinement of this method has been introd7ced by N. ChristotHos, who used , 
~ ~ 

onl~part of the drift tube surface perpendicular to the z ~is as a starting point~ 

as shown. 

Only 3 or it te1'11lS 
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in the E. ::: ~ z n"'o Bn 

.1 , 

•• ". series w.reretained. 

The coefficients En were then adjusted to suit. the parameters of the system. 

I· 

\. 

This led however to the diff iculty that at the matchiJlg~dj,U8 one gets a discontinuity. 

This is due to the divergence of the eeries for small r. 

The following method is free from these difficulties. Because the drift tube 

configuration under consideration has the appearance of a set of oscillating dipoles 

one raises the questi on what would be the results if one loads a unit cell with a 

dipole and drives this to establish a field configuration? Perhaps one can then 

draw surfaces perpendicular to this to obtain the drift tube shapes. 

Proceedings of the 1961 Conference on Linear Accelerators, Upton, New York, USA

10



Consider the following case with unit cell as shown: 

-----------""':""--::",,"'="'-"!"'-"::"_"="-""::."";:-~-·I:-. r-,,~h-' -------.--. 
I I 

• 

The fblos in the tmit cell are 0crivpd as folJ.o'tls. Only Sz components are beinr 

ccnsichrccI, exPressions for E1" a.nrJ Hg cOJn:)oncnts can be obtained in 8. completely 

analogous fashion. 

ThE. chart;"~ (r.:nsityw-!12 1:.£ written now 2S <l ddt""l f'uncti on. 

'<JO 

[, (r) is given b'lJ 5 t (r) 2 TIl' cir a 1-

o 

also 

definin:] A (x) ... 1 for x..,. 0 

::mel I::.. (x) =0 0 10r x < o. 

T0 solve? these equ!J.t!ons one can folloW' stanol'il:r.d Green's funct:'on tp.chniques and 

't-1!'ite E ry ., e1th'2r. 0-3 8 Fourier series in z: 

~ 

Ez (1",z) ... ~ cos n1Tz '\n (1") n"'o T-
or a~ a ser{t;s of Bc~sel -tunct!ons in r: 

J (-, r) Tl)!? (z) o t"rl_ 
- JV b 
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~ 

Substltutlnt Ez (i,e) - ~ •••• 

\ " 

The integr,a1 p.art of thb equation vlll yield s1l11:ply 1'.Y partial hlte9%'atiolh The , 

nextster> b t.o tind 'olutions of the "StIlting homogtMouS equations 

An (V.J...t.. sa2) [ Ko (Sn r) - 10 (sn r) 1\0 (Ina )]_ gq£(r)Sn2 sin nlp~< 
Ie (sna ) €,L ;"..lL 

?1Iultiplylng this by dx dy and . integrating, one obtains an expression/or 

' Al"W cCl),n$e<q:uent 1y for Ez• 

Ez is writ.tel'l bel. $eparat.ililg the nao t erm in the Fouricn' eXpansion. 

This expansion gives fields everywhere in the unit cttll but leads to a ive1"gent fields! 

along the axis between Z"o andz-p. This can be coUntered by using the second serie~, 
<:Io!<> 

expansion. ~' ·~~:"'''~.The ~.u1t. bin the form o~ twotyp~. of solutions: 

~ 

torz> p Ez- .. 1'2. J (p 0 r)B (J cosh q j;. (~~zl : ) 
~·l 0 t'- f) x.- )l.::,.V 

t)., 

, Ez - j.~ Jo (Pi sfL cosh c4' :>;+ .;- D~ith '/le 2. (Pe2/b2) J.k
2 

These solutlens havet.o be matched but need t\E>t necesaaril¥ be continuous across 

z ... P, Jlw'ivet' ~ is continuous. 
cr: z 

• Multiply the right hand side of this equation by 1& for n = o. 
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This series devel0pl11ent. leads to the folloving expression f or Ez f or t he case z "1'. 

A typical field pattern is sketched below in a wdt oell. 

r- - .- .- -, _. - - - - - - -., 

1 
G , oharge singularf.ty 

'* nodal point 

The dashed line indicates the 

resultinQ drift tube surface, 

Qf necessity originating at 

the nodal point of Ez along Z·o 

\ 
. \ I ---_.L.. ___ ~ 

CD 

I-laving found the drift tube suriacl';s om can calculat e t hz f i e J.ei s evel"'JWhereand 

deter:mine losses of tbe structure . 

The described method seehS to l end itself to t he possibility of sL'1)cJ:" i nl'posing 

dipoles and then obtaininn t he fields. CxploratioI'l-s are under way to use Hneat' 

c anD i n,at ions . 

At present it is deemed necessary to use up to 100 terms in the series expar;sio 

to obtain sufficiently accurate results.* ., 

Perturbations due to drift tube bore and drift tube stems are considered to 

be no problem because these are open to a]:'proximate oalculations . 
A t ypical set of drift t~bes for ~ = 0.6, ~ = 0.3 is shown on the next page. 

tt The computer time needed to obtain a typical drift tube configuration is 

about 4 minutes . 
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The described method l ends Itself a lso to an iris loaded, 'iT'-mooe , standing wave 

- "; structure. 

Consider the fol1/iMing : 
I 

,-,---,. . .... -.. - --- +-
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This can be s imp lifi ed to, ~it,h uni t cell as shown. 
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The combination of irh and quadrupole drift tube loaded struct.w:'e "'has alsQ 

been treated by the same method with an appr0prh.te olstrib14t ion of ohar!'l~s and 

current . A typical result here is : 

*' 

G charge singularity 

-){- nodal point 

As a general conclusion it can be said that the described method would work 

most favorabl y with a rr -mode standing wave structure , At first approach the 

rr.athematica l problems become rather involved for an iris loaded 1T/2-mode standing 

wave structure or a 1T/2-mode taveling wave structure. However , it may be possible 

to drew a pproximate conclusions regarding the 1T /2 mode case s . 
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