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To accelerate protons in an Alvare z type linear accelerator or electrons

ín velocity modulated tubes, the cavíty must be excited in the dominant Wolo

mode. For proper understandíng of beam dynamics and for Purposes of design,

Ëlie r.f. fields must be computed accurately for any specified dimensions of

the drift space. In thisthesis the exact numerical solution for the fields

in a drift tube loaded línear accelerator cavity with a beam guiding hole ís

presented, The eigenvalues, field distributions, transit time factor and the

shunt impedance are formulated everywhere by boundary value 
-techniques 

in the

same manoer as proposed by Bo11e and Gluckstern ín the absence of the bearn

guiding hole. The numerical resulËs are obtained with the aíd of a digital

computer and are verified by excellent agleement wj-th an experimental method

based on perturbation techniques.
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Two types of cavities, both represented schematíca1ly by fígure 1.1,

operating j-n one of the o-2'iTmodes, rvith a field configuration símilar

to that of the Tllorn mode j-n a cylÍndriq¿] cavity are used in Linear

Accelerators (linacs). Tn addítíon, these structures have a very ínrportant

role in velocity modulated tubes. Practíca1 linac cavities differ from this

only slightly,due to the stems supportíng the drift tube and the complexity

of the r.f. feed system. For proper ülo€rstanding of linac behaviour under

various perturbing factors and interactions, and for accurate calculatíons

of beam loading effects and energy gain of the particles, it is very

essential to have an accurate knowledse of the field distribution in the

accel erating cavitr-es.

Closed form solution for the r.f. fields ín acceleratinq cavities with

structural perturbations and interactions with the loading beam have been

diffícult to obtain in the past, and insteacl, a functional representation

on basis of experimental data is usually made [1-4 ] . Linac behaviour

is then calculated and explained using these expressions. Another approach

to the problem has been from a círcuj-t poínt of view, rvhere the cavity

is represented in terms of an equivalent circuit rvhich is used to solve

for the resonant frequency, díspersion relations and beam loading effects.

A number of authors have formulated the solution usins the normal mocìe

analysís together r.¡Íth inclirect or experimental methods to evaluate the

fields[1, 3, 7-9], but no significant attempt to solve the boundary

value problem has been made. Numerícal techniques have also been used

CHAPTER I

INTRODUCTION
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3

to analyse the fíelds [10] and thís approach led to the elaborate LALA (Los

Alamos Linear Accelerator) program which Hoyt [11] used Ëo optímíze tlne

design of the cavity.

In this thesis, the exact boundary value formulation ís presented

for the drift tube loaded cylindrical cavity,taking inËo consíderation

the beam guiding hole. The method used ís that proposed by Hahn [l2l and

extended by Bo1le [13] to deal with the centerally loaded cavity.

The basis of the method lies in subdividing the space,for whích the

fíelds are requiredrinto suitable regions. The \irave equatíon ís solved

independently in each region using a suitable coordinate system. The
i)

boundary conditions on Ëhe mettalic surfaces are imposed and the fíe1ds

matched aË the interface of adjacent regions resulting ín an infinite

number of línear simulËaneous equations. 0n elímínation of the unknor^¡n

constanËsra single equaËion results whose solution leads to the desired

eígenvalues and field distribution. FurËherrexpressions are developed for

the quality factor of Ëhe cavíty on the basis of an exact derivation for the

losses and the energy stored in Ëhe sysËem.

In the second part of the thesisrGlucksËernts work [14] is extended

using Ëhe results mentioned above, to obtain expressíons for the transit

Ëime facËor and shunt impedance, considering the effect of the beam

guiding hole which has hitherËo not been considered.

Curves for the variaËion of the eigenvalue with the order of the

determinant, and for the axial field versus position, are presented and

compared wiËh the experÍmental results.For Ëhe test caviËy the calculated

and measured values are in agreement to within experímental error.



Atveryhighfrequencies,circuítapproximationsforresonators

are practically invalid, and an exact or rigorous method of calculatíon

isanecessityfordirectuseíndesignworkorforjustifyingnew

approximations.trì simplify design formulae. A field solution which

satisfies the boundary conditions everyi,rhere ín the cavity is our objective,

and the rnethod used in this chapter meets these requirements in obtaíníng

a solution for the fíe1ds ín an Alvarez cavity

2.L ltodes in Linac Cavities

FIELD DTSTR]BUTTON IN LINAC çAVTTIES

CHAPTER II

The operating mcde of a línac is defined as the shift in Ëhe r'f'

phase betr,reen adjacent cel-ls. The structure can be designed to operate

in any mode between 'ot and tlTr. For low proton energiesrbeloi'r 200 llev'

the Nvatez stluctule ís normally operatecl in the tot or '2'lT t mode as ít

is called. I{ere the particles take an entire cycle to pass through Èhe

cavit-vìSeveralcavitiesareusedanclnodívidingwallsarerequired

betr^reen adjacent c"vitiesand operation is usually around 200 llHz'

For higher energies thêrlmode structure ís used' Here the average

velocity of the particles is such, that they traverse. the ce1l length

irn.!ea cycle of the r.f. po\'/er, so that the phase of adjã'cent cells must

differ by 180? Since the fieldsin adjacent cavities are ín opposite

direcËions, separation walls are necessary'

Both the above discussed structures can contain drift tubes

to concentrate the electric field near the axis of the cavity and hence



increase its efficíency in the acceleratj-on of the particles. In the'z'ft'

mode structure, the particles are in the drift Ëube hole when the electric

field is directed to produce deceleration, and hence. are shielded from

the fields. In the 'TI t mode structure, no particles are in the cavity

nhen deceleratíng fíe1ds are presenË.

2.2 Fields in The Al-varez Structure

In Ehis section expressions are developed for the fields existing in

all regions of an Alvarez Structure. Thís work is an extension of Bo11ds

[13] solutíon for the simple drift tube loaded cavity and takes ínto

account the beam guíding bore. The relatívely simple technique of field

matchíng i-s employed to obtain a solution of the fields ín the cavity.

The cavity space is divided into regions and the axía1 fíeld is expressed

in each regíon by solving the wave equa-tion ín that regíon, usíng an

appropriate coordinate system which best suj,ts the geometry under consíder-

aËion. Boundary conditíons are applied to obtain the complete solutí.on

and the fields at the interface of adjacent regíons are matched for

continuity. This results in an infinite number of equatíons which, on

elimination of the unknor'rn constants,result in a single equation. The

secular determi-nant of this equation, in terms of the propogation constant,

is solveci for the particular geometry under consideratíon.

Once the fields are knorvn, the transit time factor, shunt ímpedance

and other paramaters of importancerín conjunction with the study of

1j-^^ L^ -^^,,-^+^1.- ^.-^1.,fted,rrrr4LÞ ) uLéJ uË dgguf dLËIy gvdruc



2.3 Formulatíon of The problein

Consider figure 2.3.I which shorvs a drift-tube loaded circular
cylindrical caviËy with a bearn guiding ho1e. Since the structure has

couplete symmetry about the axes AAt and BBr, ít is only necessary to

consider a quarter of the structure as shor.rn ín figure 2.3.2.

2.3.7 Solution of The trlave Equation

The space is divided ínto three regions with

the cylindrical coordinates. These regions areof

Region I ... oSzls ; olrlc

RegionII"" s1z1 L i b<r.<:'c

RegionIII. s<zcL ; o<r<a

The wa1ls of the cavity are assurûed perfectly

space is fiflecl r.¡ith an ideal dielectric. The

of the beam may be ivritten as

(v2+L2)n = o-z

where the field E, ís to be expressed in terins of the TMoij modes rvhich

are of particular interest in linac structures. Here k is the r¿ave

propogatí.orÌ constant. Equation (2.3.2) applies to all three regions, Ðd,
since the structure is circularly slrraetrical about the z axis, no '0 t

variation is obtained in the solution for the fíe-rds.

The solutions for the electric fierd E- in the varíous regi.ns are

expressed as fol1or,'s :

o as the origin

as fo11or,¡s:

(2.3.1)

conducting and

wave equation

Region I :

the

1n

interior

the absence

(2 .3 .2)

ZI )
L

m=1
ö

m
Jo (korr) cos (cto,z) (2. 3. 3)
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Region TI

E=-zfl

i}3

Is nn-l

Region ITI :

Z (kr\n- n -

where

cos (ßrrz) + C

E _*_
Z LLI

p=1
D

and where R ís ^ ^^-^+^-F r
B 

d LVlrùLdrtL, vn

pectively, k is the free space

has been suppressecl .

sin (ß z)
n

tk-
m

-in(knr)l { "o" 
(tnt) * Fn sin(vn")

2+-0
m

,
K-t

tl

2.3.2 Applicatíon of The Bor-urdary Conditi ons

)')')
b = K +v ='n D 'n.t

Q.3.4)

J(kr)+Rnn

boundar:y conclitions. These are :

E- = 0 at r=c
ZL

E---= 0 at r=bZJ.L

E---= 0 at r=cZLI

E--= 0 at z=L. rll

E:----= 0 aÈ T=a
ZLLL

E___= 0 at z=L
rIII

The above equations must be evaluated sub-ject to

anc.l N are the Bessel
n

propagatíon constant

Àl (v
nnrì

)
tc

Q.3.5)

vl

(2.3 "6)

and Neuna-nn

ancl the tine

T'r-.i-^ t.) 1a\ *f k denOte the ZeroSqòf rIó \L. J. a,,l , t 
^_

fh¡' fialå in rooinn T ic o'ír¡pn Ë! çu*v¡. . -.- Jy

(2.3"7)

frrnnffnn< ïêq-

i trltdependence e-

f Ìro rnnrnnr-í:J. o

(2.3.8)

(2.3.e)

(2 . 3.10)

(2 .3.11)

(2.3.72)

. (2.3.13)

UI J
o

lx)=o tlren fhc soluLion for\,'/vt



Application of eonditions (2.3.9 - 2"3.14)

the field in region fI as

E-ZL

@
I'=)L
u-r

AJno

E_*ZLI

(kon't/") cos (o.

where g are the zeros of.
. .on ..

J (v) l¡ (v/x)oo

co
F
t
L
n=1

--^J -,L^-^ .. i- ^-'..^^ L-.dlrLr wrle[ Ë Jr r5 Brverr u)

using cond j tíons (2.3.1,2

!L^ ^-j^.^ for the f_.Lilts ç+Prc5òÌuLr -

f,_-._=
z LLL

where k are the zeros.op

(vorrr/c¡ cosß., (L-z) / cosßrrl

Eo equaEion (2.3.4) give

the

-J

(2.3.l4)

transcendental equati-on

(v/x)N(v)=o
o

2.3.3 Tnterface Matchine

the r

,,f drlu

ield

r
L
P-.-L

ofJ

o

in

D

Contínuity of the fields across the ínterfaces is a necessity at

ôì¡ôr\/ nn¡'nf lfa¡¡¿ eonsifierinq the inteffaCe Of the recíOns ât__ _--Þ tne l_nterrace ol _Þ----_ *_ z = s,

r.re match the radi.al and longiûrdinal compoilents of the electric fíe1d

and we tise the orthogonal-ity property of the Bessel functions to obiain

a solution.

10 C/D

, ? 1?\
L.J.LJl

reoi nn

J(K

l¡hich is larger

---'¡L ^---^+.i^-vJILrr ëqLlctLIULl

rrr d.>

r/a) cosy_ (1,-z)
l)po

(2.3.1s)

op

0"

For the longitudinal component of the electric field rn'e obtain

¡lrnn rr¡r'l-rz Ì'r'rÈhomnroLrrdlt urrr LJ . r u! Lrrv!rlv! g ,

(2.3.5) results ín

r
Js

(2 "3.76)

E-rJ(i< r/a)drzlooq

/ coslr L
p

(2 .3.77 )

f"_
'jo o"ttt r Jo(!(oqr/a) dr

(2.3.r8)



Hence substitutíng for E"- and

z.2k .o

D' = EqA Ì=roJ
..

r¡/nef e

E_,,. and solving, \./e obtain
Z LLL

^? - ^mm

For regions I and fI we

J (k a/c\o'om '
2.2 2JcK -ak

nlu
P

cos0, s
m

fu,þ

oq

D cos.¡ (L-s)p _P--
cosYnL

obtain

E - r Z (v r/c) dr
ZLOOS

ancl simj-larly, this results in

10

B? =
S

fc
I=l t.

v

(2.3.Le)

2 (c/b)vorZ, (vorb/c)
t2

(c/b) "zl (vo") -zi (vo"u/c)

.ll r ? frl -loì¡ Ãr
! _* r o \v LI çf

ZLL O OS

(2 "3.20)

where

(2.3.2L)

fn order to match

of the conclj-tion ErI =

)b

Bt =
S

¡l'
ID

J (k ¡/c)o onl

(2.3.22)

,)?
t< -von os

B cosfl (L-s) / cosS L
SSS

È1-^ --r-'^1 ^^--^ncnt of theLrls t 4uf @! LVtillJU

o at z = s, a< r< b. Hence

(2.3.23)

fioláq rrê nrrl'e "^^!rsrurt nu !rc.rlu UÞg

the resrrl tant ecr u¡-tíon

(2 .3.24)

1S
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E=l t Jo(korr/c)

A¿ this stage it is

R¿o'
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up

q,rrhqfiflrfíno 2n.1

convenient

Errr t Jo (k

On

R_=
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(L-s)

n1i fvino
E ---J ---O

1"ol=Tl¿lP'

,1'rL
n

Q.3.2e)

This enn:ri-íon nrev ho frrrfhpr sinro'l i f ied since Darameters B. t = B, I and---- -n "'s

Drrt = D,nt. Hence elinrinating these from Ëhe equation by usíng (2.3.25),
PY

(3.2.26) and (3.2.27), we obtain

11

!--.-!
?lll

ta.nyp (t-s)

Q.3.25)

notat ion

^-..-+--^-.çqudLawrr

Jo (ko.r/c)

n n?!t^ v
- vP V
l-'

R
-ön

(2.3.25) , we

22ac

ñ ^r ["^r Lz

c

(2.3.26)

(2.3.27)

Q.3.28)

)2 22
ck -aKop oE

bc

,a", I
a" f1- \ |.Jl \r..^-/ | -

-L LJL J

r k2 -r)2ot on

n?

n

obta1n

r
Irt\,
L

(t< a/c) .r. (k ,)ooprol

kot Zr(vor.,b/c) Jo(ko-b/c)
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Hence elimination of the unknovm constants will result in a single equation

which can be solved for the eigenvalues of the ^^-.iF-' /1- \ TL^-^ ^-'^^^'-^1"^-rovrLJ toD/. Irrçùç Ç!ósrrv4ruçÞ

therefore
(hrr-xr)

hzt

obtained from the roots of
n"!2

lh ..vl
"'22 "z'

h,
nl_

where the general expressions for the elernents are given

@

h=iñ1'u
- P--L

r3"4yo."r,yD (L-s) Jo (kora/c) Jr (kor)

the secular determinant

co

J- ì.'L

. ,.?? 2:.r.,t.2J, (k )tc-k- - a K rtc Kropopo|ùoP

ar1rr,

"3ßr.t.n3o(i,-s) 
,o (koo,b/") Jo (korb/c) zl\onu/c)

(h -xnnn

T2

o
(uJ.'

'=0

^--l +L^ ^-'-^*--^1ancl rne eagenva-Lues

Fro¡r the result

fi e] d Dâ F fprn can be

on the order of the

k2*) {v2r, -

x
È

"3o. .ur,. (o.=) .if Cto.l

/-//r-- \l(^lr\"-)-
^otl L\wt u,/ LI

.) .)

GNJ
OE

(2. 3. 31)

k are related
p

LK'--o i

ô

(v^^)-zi (v^-llc)]
on L ori

ino oioorr¡¡:-lrrpc

cal.cti-la ted . The

deteruinant.

to17In
Y

nnè' Q rc
ueu--n

(7 ? ??l
\L. r. JL. /

the resonant

^-. ^ç4LLUr4çj/ Vr

showrr ín

(2 . 3. 33)

\¿.J.O)

ç-^^,,^^^,. ^,.1 +1-rrequency alrc Lne

the sol rrtion dan9¡6] 5



2.3.4. Numerical Solution of The Eigenvalues

Equation (2.3.31) r¡as solved on an IBlf 360/65 system to obtain the

eÍgenvalues of the fifth ce1l in the second tank of the rNG 1ínea

aecelerator for the Atomic Energy of Canada, Ltd. The cavity dímensions

ínmeter.s were: L= 0.1755, s = 0.058s ã= 0.0125, b= 0.06 and

c = 0.33. Various sizes of the determinant T./ere used in the calculations

until the change in Èhe eigenvalue k was nune.rically insignificant.

Theoretically the truncated size of this determinant can be estimated

by evaluating the difference in h-- for k and (k + 6k) iterativery unrilmt

it becornes less than e , i. e.

h*t( k t ôk ) - ho,r( k )

vzhere {k ís the accuracy desired ín the ejgenvalue and e is smaller

than ttre last sÍgnifícant figure arÍsíng in the calculations. The larger

of m or t is then chosen ancl the resulting curves for the variatíon in the

eigenvalue rn¡ith various sizes of the determinant for the Tlf - andoro
frl^r. modes are shorun jn Fí ss: ?.3.3 and 2.3.4. The deterLninant Tn/e.so12

evaluated by pívota1 condensation ancl an iterative technique rvas used to

evaluate the eigenvalue. The conputíng time for a 20 x 20 determjnani

T,{as approxintately three minutes and due to fasI convergence only 20-40

tenrs in the series for h_- were found necessary. The resulting eigenval.ues-mf

are then used to calculate the resonant frequencies which are tabulated

in table 2.3.L. Table 2.3.2 shoi.¡s the variation in the eisenvalues l,'ith

the order of ttre determinant. The axial field distribution for the

donrinani m.ode in the cavity r\,as calculatec anci plotted in fíg 2.3.5

where íi is also comparecl ç¡ith the experimental data for the fjeld dí.s-

13

xr( k r ôk ) - xr( k )

Q.3.34)

(2 .3. 3s)



.TABLE 2.3.T.

EIGENVALUE

L4

E i g.enve 1 ue s _g!.{_Bq s_9 n aÉ II_e jgegg i e s fg r Ya r Lq-u s

Tl-r/- n--..: È-.rliv vdvILy

Ilodes in the



ORDER OF DETER}III{ÀNT

TABLE 2.3 .2

15

Variatioi-r of Ei envalues trrlith Order of DeternÍnant
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tribution

drift tube

for in our

2.4 Fíeld

ín a e:vi tv r.rí ih â s rpnì srrnnor1.ed" drif t

is the same as above but the stem rvhích

^.1^"1 ¡*inn- -i- ô ^"1 :-,1 ^-.1 ^- 
'l^-^

L4!LU!dLrV!rùt rÐ e LJrrrrss! ¿/ uut IvIrË)

For the TM . node !,/e have
oro

Fxnressions for the Tlf - )fode---o I o

-zT

ZLI

C)

m=r

..--

BZno

19

tube, The size of Ëhe

I!'as not aCCounted

and 3.2 cm in diameter.

@
r
)L
n=1

J (t< r /c) cos (c¿ z)
ooII|m

ZLLL

For each of the regions the correspon<lí-ng magiletíc fielcl expressions are

oi rzan hw

(v r/c) cosß (L'-z) | cos$ Lonn0

iD
i=r P

J (konr/a) cosyo (L-z) / cosynl

H^- = î irrtAnr - ,ot-tl ^^^^. nUI ¿ ^ -- J. t--/ cos0, r-
. uK l- C. EÌm=I om

n¡-- = i ic,¡Bn - ,'ort. cosgn (L-Z)/cosfnlurr " cv "r\" )
,onn=l.

Horrr = ;, ffi,rtl$l cosyp G-z)/cosyn(L)
p=l- 0p

(2 "4.La)

vchere C is the velocíty of 1ight.

Besides these the radia.l, components of the electric field E

are of no imnreadi-ate interest.

c2 .4 . lb)

(2.4.7c.)

(2.4 .2a)

Q.4.2b)

(2.4 .2.c)

exíst butt



2.5

Once the field expressions have b.een obtained it is a sinple matter

obtain the Q of the cell. The Q is defined by the basic relation:

Evaluation of the Q

r¿here ûJ is the

The total tíme

the electric a

energy stored

For the f

and the ene.rgy

. expression.
r.u r r2li

i.r 'O | |Yf - -;-l Im¿rl|
L0

Q=
flì Y iímâ 2\rÞT2oÞ
=---::--:=jjj:- -' -' --.- -j enefg)l
energy loss per second

^-í-^,,-1 ^- ç-^^,,^-^,, -í- -^S: ^^^ l -crrcu_Lar rrequency r_n raor-ans/ sec.

average energy stored in the system ís equa

nrl mapnetic ener^'- mL^ !-'-.^ ^-rêTAoe e'lenir_-_ ___o-__ ___ _--__éJ. rrte Lllt¿s d\ ___o_

in the cavíty, at resonance, are equal t15].

unclanrental mode the magnetic field has only

stored in a length L is easí1y evaluated by

stored ín the svstem
ín l.ho clrcfôñ

20

rc rs
I | (H^=. H:-)
I t sr v.t
00

¡2trrl'tJ0

where I.tr, ís the energy stored in the electrj.c fie1d.

In order to evaluate W*r we denote the integrals ín (2

T -^^-^^!i--^1-,lrrrespectively, such that

ÍI_ = {r, le.)Í r +r.+I^}m ' t'o'- '. '1 ' -2 J

Using the following expressions for the magnetic field

of ínterest

f^ it
Jo J'

to

(2.5.L)

ol(terr, 
"orrr) 

r ar ao az 

J 
I'I

1 to the sum of

:^ -^À -^^-^f-'^rL 4l!u (réórrs L !L

rdrd0dz*

- A ^^-.^^- ^-+d v LvurPvl!riLlL

LL(E !UIAVI,V]II5

r'n i" [t
Jo ib J=

H

91

*(H^--.H^--)r dr d0 dz
VII CI II

co Â iL

I +-¿ J, (k_- r/c) cos (a z)
m=1 oor a oll m

(2.s .2)

5.2) by Tr, I, and

Q.5.3)

in thc three reoiorrs-___ -- _ -Þ'

(2.s.4)



@

E^-- = tUIIU.
E:l-

co D ík-
¡

H=)-_-EIII L . K. P=a op

B íK.n J- z-(t: ,/e)v -1t "on''
on

an-d the orthogonalíty conditions of

r1

Tz

cos a/- (L-z)
J,(k r/a) 

-.P

1' oP ', eos YnL
..

@
P=)
--1u-t

I

t?2l- 1--*^-
ð Na ilL

In -L

a1--

209B- t;nn1

6

J: (k^^) [s + o. 5sin (2.a-s] |t-ôm
t=1

2 2^_v cosþLon I].

;f {vorr) -Jo (vor,) Jz (uor.) I - o. su2 [

^ - 2 to('or',)
- o.5c' 

%T%þ 
[ J1(von)*,-(ro,r)

the Bessel functions. we obtain

[ (L-s)-0.5sin2ßo

2L

(2.5 .s)

., .t2
- 

ffi;l 
[J1(vo1b/c)''rir (vonb/")Jo (uo,r) - Jo (vo',b/t)Nz (vo,rb/c)

coso s sinc sInE

--^ 
_ar-

mE.

(r-s)lI
"]t

(2.s .6)

Jr(voob/c)N0(vonb/c)Jo(vo,,)r . Iqq:i ]t, o.s"2trl(ro,,)-N^(vo,,)Nr(.ro,,)J

cosSrr(L-s) sinSr,

lf (vorru/ c) -.10 (vo-b / ") 
J z(vo,rb /c ) 1

+ .lo (vorr)*z (uorr) + J, (vorr)lto (vo,r) l

?- ?. . - , rrì I
-0"5b-ixi(vorrb/") - NO(vo,.,b/c)Nr(vo,rb/c)lÌ I , u # n

I
Ĵ

R-Rnu

rln

(L-s)

)

p=1

ffi_
zk? eot2y Lop 'P

* t (2"5.7)

f')
I a ¿ L¡
I U.)C I

L

.rlcronl t (L-s) - o.5sin 2"¡n (r-s),î 
":%F_Ër91,v:l 'p 'v

' v#P Q'5'9)

r? 5 Âl
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ït remains Ëo calculate Èhe energy lost in the system per seconcl.

Thp fíe1 ¡] exnreq--;n-- r.ô-'-^ 1'-^..- +1--'^ -i^ ^1^+'i-ned frOrn the SurfaCe- --tjI(']tI5 [Jeartå Nrtulvrl , LttlÞ f ù vuLdl

currents given by the value of Ha at the meÈa11ic surfaces, ie.

p^ R, l- f" en ? (n lL --z'L = ; I l^ l^ "ur(r,c) 
d0 dz + | | olrrr(z,a) d0 dz *

L'0 J0 ot . Jo J" vrrr

¡2r ¡L n ¡2tr ¡L .,

I I uárrG,b) do dz + l- | trrr(,,c) dê dz +
Jo J" err JO,J= ur

(n tb --z (n f .-z ." II f rtti-I (s,r) dr d0 + I I rili,, (L,r) dr d0 
|Jo Jo " Jo Ju srr 
i ,r.5.10)

(2. s.11)

I9 r respectívely, and

( 2.5 .12)

,_ t # s (2.5.13)

Similarlyrdenoting the integral,s in(2.5.10)by IO Èo

\re use (2.5.4) ro (2.5.6) to obtajn

Pg, - o.5RE [ ]4+T5+16+17+18+19 l

nôqv ItT.-cl.-'.w lT.-ql
""" ,p \! u/ "*.^; 

Þ 
\- v/

'P 'v
__¿ _v r P Q.5.14)

c 1 nai c
f

- 0.5s j.ir23o (T'*s)

CO SC! S
m

ME

æ

tL-s/l¿
-_1v-l-

.,
R = c*ll-

m¿r.J

, (2.5.15)
UFIi

rl<t)

È=1

)2 ¡ çr.-s)

0 " 5sin2o
.t

- 0.5sin2v'p

where

Jo (uorr)*t (vo,,b/c)

.rl{to-) i" +

L (T,-S,)

*o (uor,)

,2r, I"1"'op'

Êu?nlnI

r¿he re

rr, = ìt.þ-- a-f
2

K
ot1

t)
@RÞÍ

f -ft-!'_-_- r t 6r h/.1 -L ? ?- t "1t-o''"'-'
n=l v" cos-ß Lonn

22
D-kln
_P__À 

-.

2)
R COSYLoP 'p

P
L
n=Jr-

cosß (1,-s) sinB (L-s)nn

Í-)

R_Rnu

T
o

.L
u=1
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r_1 = I +-+, I Jr(v^.) ]' ¡ (L-s) - 0.5sin2ßo(L-s) l
, n=1v- "o"rß 

L r ulr No(uorr)
ofr B

î cosßrr(L-s)sinßrr(L-s)
.I

æ*u?n^r
rs = l, H "o.2ço*=) [o2frl(ko*b/c)-J0(koab/c)Jr(ko*blc)] 

- ^2ttzt(koo,a/c)-
'om

u=1
R-R
PPnu

rs = i :Yz: [ .. s"2 tt2r(uor,)-Jo(vo,,)J2(uo,,)] - o .sb2{r1(uo,,b/c) -
' n=l v- cos-$ L L -

onn

Jo(vo,,b/c)J,(vo',b/c)] - t ri-ËS{"2[Jr(uo,r)*,(vo,,)-r.lo(ro,,)*2(uo.) þ

JO(ko*a/c)Jr(ko*a/c) ] I

*0 (ror.,)tz (uor.,) I - bt IJ, (vorrb/c)N, (.,,rorrb/c) - Jo (vorrb/")Nz (vorrb/c) -

. rz(vo,,b/c)No(vo.,u/c) I i + 0.s{ +:# }'{.'tNl{von) - uo(vo,.,)xr(vo-)J -

u # o e.5.r6)

ot t*|(vo-b/c) - No (vo,rb/")Nz (vo-b/c) I Ì I

Hence the Q of the cavity is given bY

Q = 2or{_/pn (2.5.19)
u!L

The Q r¡as evaluatecl for the fífth cell ín the second.tank of the ING

accelerator nentionecl previously ancl found to be 19r183 l'-hích clmpares

favourably vith the 13f50 figure found by e:<períîìent '

(2.s.r7)

(, q 1R\
lL. J . Lv )
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^- - 1,.¿.o trrror ¿\na-Lysl_s

In actual computations, two major sources of errors occur, The first

occuring in the truncation of the infinite series for h . . the elementsnt'
of the deterninanl, and the second is in limiting the order of the determi-

nant. BesÍdes these, the nuntber of significant figures to be carried. ín the

calculation for the eigenvalues is also sígnífícanr.

Consíder first the error introduced in truncatíng the infinj.te series

involved in computíng the h*a terrns, For Èhis the asyuptotic behaviour of

the terurs for large p and n is requíred and the follov¡ing expansíons are

useful. The zeros of J^(x) as x becones large approach the zeros of

Cos(x-n/1r), and the zeros of N (*) ânDrô2eh thp
o _^, eyp r v@Lrr urre Zêros óf Sin (x_r / 4) , hence

the zeros of

approach the zeros

1' .an f rl /vl

for V sufficiently

J (v) x (v/:<) - r Ârl*'\ ìv 1.,\ - ..,o. . o.. , "o\v/-\/ $o\vJ : u

of

and

v__ = n x t/(xon

f^- 'I--^^ * ---l!u! r_<rf_ge m encr n.

24

- tan(v)

leroorndv)1

(2n+I)r/2 + tt/ 4: ü : 0,L,2

zr2 {von/*) /k2zL2 (ron-rr (vorr/x) 
J

-'ll - = O 1 2vtL9L

Furthermore

and the exact and liiniting values of'this function for a particular

Ïte eonlr¡¡rr'd fnr n errff-íc-íon¡-lr¡ lee Lvurpd! su rur *af gg.

This leacls to

= lr*r-,L'
¡ -'l

(uor,) lzr(von/xrrt - t.]'

-l
= (y_1)

Q.6.r)

(2.6 .2)

(2 "6.3)

x can



25

To investigate the behaviour of h - we choose p:p and n = nmto
sufficiently 1arge, such that the asynptotic expansíons of the Bessel

function are va1id.

In this instance r,¡e

obtain
p-o

h :t-mt L
n=r

where the last t\,,/o terms represent the error ogçrrrino ín iho rrrlnsation.

For the particular values p=p1, n=nl, such that pltpo and nr)no,

and sufficiently large to ensure that,

-1 n-1
o

.F
' L""
n-l

drop the conmon "' in (2"3.32) and (2.3.33) to

and

koP ' uorr' "uo -'' uor'

(vorr/c) ' ,rko

\"

p

then

-LT' L""'
n

o

and

ßrr_ a"r ßrr_ (r-s) = xnrtt/c (x-1)
"1 '^t

Thus the

Y- Èan Y- (L-s) =['D- D-^I ^I
error ternl is siven

-\' ¡IL--lmt

(2"6.4)

_r_L

pn-o
Ja-c yoÈanyo(L-s) Jo(ko*a/e) Jt(ko.)

)P^ J" (k )tc-t z - ^'k' \{.2u2 2'2 ''
v r op op om op-aKotJ

(2pr+1)r/2 + r/41/a

from (2.6.4) by

Upon substitution of

L"""'

o

@,r-rL
Il=n

ßrrtanßr, (L-s ) Jo (korb / c ) Jo (ko.b/ c )

(x-1)
o

(2 .6 .5)

(2 "6.s)

(uorr'-uo*2) (uorr2 - uo.')

(2 .6 .6)

and (2.6.6) rvith Èhe limiting assumpEions

(2.6.7)



op
)')>>k -ork

om -- --ot , and simplifying, r.,/e obtaín

Err : 
^/e3 

(a/2")%;o {t o*r /c)Jr(ko.)

Sinrplifying f urther wiÈh np>>tr /4 we have

. x-l - H r^ I I' 2 2 "o\Notu/L''r
cx1Ï

.1 rÁ : ??
E,or = a/ c- (a/ 2c)-'Jo (ko*a/c) Jr(kot)olo("*nn)/n'o-,

- -o

I

Thus it follows, that for a higher degree of accuracy, \"/e could compute

the ho'a terms by first using the equation (2,3.32) to a certain degree say p,n

.equal 20 or 40 each and then use (2"6"9) to corïect these.Thus consíder-

able conoputational Ëime is saved,r due to the asymptotic approx:'_matíon,

and a high degree of accuracy is ma:intained" The order of the secular

determinant l¡hich is another source of error, must norv be considered. As

(L-s) * 0, h_* + 0 and in the limit (l--s¡=0, only the díagonal terms of-mt

the determinant remaj-n and the successive eigenvalues (ko) are obtained from

Èhe successive terms ín the diagonal. Hence it may be concluded that the

oiopnr¡r'l"oc nf ¡he nprr-rrrho¿l nrr¡ir-.' i -lecl with the corresnondingLov!LJ d!s éùÞuL14Lslr wILtt Lllg LUrlurHv!!urr!Ë)

diagonal terms and are perturbec from their value for L-s=O by the off
J-í ^^^-^1 +^-^ur4óulldl Lcf lltõ.

o t*om

P:Po [ (2p+7)r / 2-1T / 4]3

o*l (')¡*'l \n I I -n I l, 1 -u¡ L\¿PtL)|lL-|l+14

æ
_ab/c) L t/n'

n=It
o

a- ,+ ê_# J- (k _b/c)J (r< b/c) | t/n"z ¿ o- oÈ ' o'om ' L
cx 1T r=to

¿o

(2 "6 "B)

For the lowesE eigenvalues of interest,

for large trn and p and become independent of

k >>k /corv /cork lao of ofr' op'

(2.6 .e)

0*,ß_,Y_ are sufficíently largef ' n-'ñ r

k since
o
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and x. are
E

also tend

Sínce

only that

consídered

inspecting

¿IUÃIÞ
U

such Èhat
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+ -, h_-+ 0 and símilarly r,¡e can shov¡ that x.-> 0. Ilence h -'mt"Ëmt

not only insensitive to changes ín ko, as m and t íncrease, buE

to zero.

the behavíour of A(k_) as a functíon of k_, aLone is of interest,' o- o''
part of the deËermínant, sensitive to changes in k should be

o

. This allorvs us to determine the size of the determinant bv

the sensitivity of the coefficients to a change in ko

the accuracy des-í raÅ i¡ 1¡ rl¡an âL^ 1^--^^* * ^nd tr!Eu rrr ño, LLrçrl LrlE rdr6EÞL llr 4

and

x-( k
E

The lâroer of rn and t

in the calculatíons.used

hrt( k t 6ko) - h*r( k )

tdk)-xfk)t "t-\ r! 
'/

determínes the order

. Thus

are chosen

of the

(2 -6 .Lr)

determinant to be

(2. 6.10)



The work of the last chapter can be used further to develop

expressions for some basic lj-nac paramaters which are of ímportance in

measuring performance and in the choice of competing cavíty designs.

this chapter the expressions are obtained for the transit time factor

the shunt impedance for the ATvarez structure taking into account the

effects of the beam guiding ho1e.

CHAPTER III

EVALUATION OF IMPORTANT LINAC PARA}ÍATERS

3.1 Basic Energy Relatíons, Transit Time and Impedance Concepts

Consider the simple but practical accelerator consisting of right

circular cylindrr',ca1 ce11s as shor,m in Figure 3.1.1. ì^Iith excitation at

rhc nnrrcr.f fren,,^-^,, ôi^1. ñô11 IeSonAteS ín the TM . mode. The electricLrrE LVt!çLL MLlUçrrç) ç4U!r UCr! tCùVtL@Lçù III LttE 
o10

field has only a z component i¡íth no z dependence and a maximum value on the

axis, while the magneÈic field has a 0 component which is zero on the

axis. The holes in the rval1 are assumed not to dísturb the field and the

28

expressions for E, and HU uray be written as follows t16] i

,2 x .r
E =+-rloa\z Jure "ot a )

The peak voltage across the cell
Ll2

YYT
ol- - rof .

uala

ïn

and

^v =fo ) ¡-/z
Edz = E Loo

l-s

(3.1.1)

(3.r.2¡

(3.1 . 3)
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and a partícle crossíng the cell at the instant of peak

energy

^YrAW =eELoo

But finite time is required for traversing Ëhe length of the cell and

if the particle passes the centre of the ce11 when the electric field is

maxímum and þ is the phase of the particle -nzith respecË to the r.f. field

at the centre of the cel1, the acËual energy gain for a relatívistic

nrrrf ô | ô 1ê | | / |L¿¿ I

The ratío AWs ís called
^rrAWO

is always less than 1.

^i^i
=g

ù/2
I
It -T.l ?

voltage gaíns an

EoCos (trz/t)az

nhqco

30

AW:
S

the I-cngitidunal transit time facror

(.3.1.4)

eE T-LOI

1S

0ù̂

I
increased to E

o

the same energy

So the energy gain is

The energy of the partícle rvi1l depend on its phase. For a proton this

results in an íncorrect average velocity and a shift of phase of the

partícle with resp.ect to the r.f" wave. A particle arriving too earLy

at Èhe centre gains energv less than AW^ and so slips back" A 1aËe particle
S

Ca jnS ¡lôre ênêïoV Anrl henr.c n¡inhac rrñ f ô ,,1ì ÞerF-í ¡1^- ..,¡'+t-, ¡hósrrrù ULU'= çlrËrËJ qlru rrLLrug L.LL---- -- ,s. ^)articles with 0 = ô. are

ca11ed synchronous partíc1_es.

^I^I
eE I T. LCosóo 1 's

and tha nerFí r-1c ¡1¿ds

gaín can be obtained

.(.3.1 . 5 )

(rr ) and

to pass the centre at a

(3.1.6)

(3.r.7)
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Thus there is a certain stability à.rg" 'n ös about which there

is a restoring force tending to bunch the particles aboua ôs. The existence

of phase stabílity requires that the beam be unstable to radial motion so

that auxilliary focussing is necessary to confíne the beam along the

axis of the accelerator

The r.f. power required to establish the field

where Z = normal shunt imoedance of the ce11 and

tive shunt ímpedance is defined:

)p = (E,TL)-lR Lo's
where

p= _(%5',
ZL

The complete transit time factor T is much more complex and is the one

used for computatíona1 purposes. This includes the effects of spatial

distribution of electríc fields, its time variation and the radial fíe1d

variation taking into account Ëhe holes for beam guidance. The transii

time factor is improved by adding dríft tubes.

- o-2_ LL

Dl

o
in ¡ ¡pl'l ie oi\7^- -^rr 6! v sll dÞ

('1.1 A\
\J. r. v/

3.2. The Transit Tíme Factor For The Linac Cavity, Considering the

for convenience the effec-

The transit time factor has been ínvestígated for a linac cavity

by Glucks.Eern [14] but this has its limítations ín so far as the effecÈs of

the beam suidins ho'l e \¡rere neol e^+^,r Tr--í-^ *L^ definition siven aboveu !r!.óreL Lsu. UÞIrrË Ltlu uu¿rr¡

for the transit time factor, and the rvork of Gluckstern, \^/e can arrive at

Beam Guidine Hole

(3. 1. e)

(3.1.10)



an expressíon for evaluating the above factor, consideríng the effects

of the drift tube bore.

The energy gain of a partícle of charge 'qt in passing through a length

2L of the cavity under consíderatíon is given by

rfs . lt , 
I6E = q I I E'-(2,0) cos -ttsz dz + I n'---(2,0) cos co(I--z) dz I Cr.z.I)-LJO zL' v J"-zIII'-'-' ;'-- |

l¡here the primed notation inclicates that the field ís evaluated at a

parEicular radius, and v Ís the velocity of the parÈicles

Moreover, the ideal energy gain for a partícle is given by

E = s [ [" , | (z.o) .t" + ft ",t /- ^\ J- I-q =LJO tl\-'-l J= Ezrlrrz',u)dz j C3.2.2)

Hence the ¡ransit time. factor tT t is given by

3.3 The Shunt Impedance Of The_$tructure

Fn¡ i"'lâ"-î the relative nteri I of eo;¡nof ino ¡c."'r-rr J¿¡ j a^-. !ur J uuËrrrg Llre reraEr-ve mLrrL v! uv.lpsurrr$ cåVlty destgns, a hígh

energy gaín of the partícles in passing through the cavity per unit of
a

power loss is required. ZT', the effective shunt impedance,ís rel..ated. to

energy gain and po\lrer loss by equatiorr (3.3.1) and is hence a useful pararnater

for juclging such performar).ce.
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6Ë/E
Ŷ

where6g = energy gaín of

p = porver loss.0
L

Amongst other Èhings

maximum e-lectric field at

zr2 = Jn
q-1,

(3.2.3)

the parlicles ín passing through the cavity.

i- rL^ ¡-..-'¡--rrr Ltrs LdvIL) .

, the Q of the ca.,'ity, ¡ransit time factor and

the nietallic surface are also usecl ,but ZT2
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remaíns as the princípal measure of performance.

Eaving found expressíons for the losses and the energy gain of a

particle of charge q in passing through the strucÈure r^re can proceed to

obÈaín an expression for the shunt impedance.
:

The effective shunt impedance per unit length may be defined as

where ÂW is t

fnctrrñf n0 rnê

while P, is t

equaiion (2.3

¿\W=q

Hence evaluat

shunt impedan

The shun

calculated by

diameter equa

diameier D. =

expression of

R" = (Lw)z /pLL

he maximum ene

Transit Tíme

he loss ín the

r^\
-LU' anú aw l-s

rrs| | çr /- ñ\
I I þof \¿')w'l
L JO

ion of Atr/ and

cr' thrnlroh ontt

f inr¡o¡l:nno fn

lìa-,,L 
^F -t-^ i f 1rrsusLÐ(uJ La

1 to the diame

ß^/2, r,/here À

the form

row çein for e
-oJ

FacÈor ancl effe

system for Ëhe

oirzon ïrr¡ l-ho ro

COS ,tiz dz +:-

Ð €^- ¡ ^^-+-i^r1 rvt 4 ydrLr!

atíon (3.3.2).

r a c.T].lt tube

8l as that for

ior nf iho ctrn-

ís the wave len
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nrrir'cl o nF cr¡nnh_rn-nrÌc ôñôrõr7erjç! óJ ,

cts of the drift tube bore,

q:me I onol. h T. :e' oi-ro. ?..,

lation
lL' 1
| çt /o fì\ ê^c r,rfT-rì,1 z II -zrTT\-:-z i (3.3
Js v I

"1 -- ^^^-^''.-- ---'11 1eacl to Ëheu!4! óçuLlrsLry w!

supported by a stenr has been

a coaxial 1íne. havíng an internal

ort i ns tuhe lrl I ancl an external-\*/

gth in vacuu¡1 . Ile obtains an

R = ?to_
" À'ã

(3.:.2¡

where 1 is the length of

The value nL = 2'nI/\

the drift tuberand on the

d_2
- lrì
D -'-

2u Þl-n ml
a tf+-¡Sit¿,"f

the suooortinq tube as sho\.m

ís depeldent on $, as r.rel1.

ratio cr of the acceleratíng

, J.l

MQ/n

ín fiqrrrp j-i-1.

as on the diameter

can lenqfh to D.

(3. :. ¿r)

of
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Fínally the raËío

E____/E__-=E_ .L/ (max av max.

may be evaluated, which is an

field allorved before sparking

3"4 Results For The ING Cavitv

of

r"

The transit time factor and the effective shunt impedance were calcu-

lated for the experimental cavíty of the last chapter for varíous values

of 'ß', the relativistic velocity factor. Table 3.4.1 shor,rs the values

obtained. Due to ínadequacy of Ëhe experimental setup, no experlmental

checks Írere Þossib1e.

PEdN

Et -(zzL'

Ê^ ñ--^eá^Lv dvç!4Ë

¡L
,o)dz *l
,l

e fiàt¿ gradíenr

E ' --- h .o)dz \ZLIL'

important factor in consideríng the maximum

takes place.
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n ?5

.40

Transit Tíme
Factor

hll

.70

an

.vu

TABLE 3.4.1

0.9394

0.8944

0. 8620

0.8387

0. B21B

0. 7091

0 .7 994

rì 70't o

0. 7860

0.78r2

o "7773

0.77 47

0.7774

0.7 69L

0.7672

Shunt Tmpedance
in MQ/m

49.28

45.78

' /,'). ')./,

4l-.60

40. 33

39.37

38. 63

38.05

JI.JY

37.22

36 -9L

JO"OO

36.44

JO. ¿O

JO

Transit Time Factor and Shunt Impedance Vs 'ßt



4.L

DISCUSSION

Discussion of The Results

ExaminaÈion of our results shorvs Lhat it ís not necessary to use a

rrarr¡ hi oh ¡r,7or detefminant in grrr 1 rr: l- i no i-ha f if St eigenValUe¡ dUe tO the

rapid convergence. Horvever, for the higher order modes2a large determinant

is required before convergence occurs. The poor agreement between the

experimental and theoretícal results for the eigenvalue arises from the

fact that the experímental cavíty shown in FÍ-¡_r re 4.1 "1 had a stem designed

to suppori Ëhe drift tube. This natural-Ly lorvers the resonant frequency and

hence the eigenvalue. The resonant frequencies evaluated for Ëhe higher

order modes are likely to be ín error as these are given on Ëhe basis of

a 20 x 20 determinant which may not be adequate for higher order mode

evaluation.

'I'ho n1nf i1 Figure 2"3.5 fOr E iS Seen tO asrÞÞ nrrifc woll çi¡þ thatz"
obtained by measuremenÈs based on perturbatíon techniques. The measurement

nethod ís not very accurate for fields near the plates and since the accele-

rating gap is quíte small, no high degree of accuracy can be expected in Èhe

measured values. The theoretical prediction for the field is seen to

resemble that obtained by Hoyt [11]. A high degree of accuracy is possible,

however, if a large number of terms are used in Ëhe computation of the

fields but this requires excessive computation time. ine fields near the

ends of Èhe drift tube require a much larger number of terms and addition

of effects due to the generation of higher order modes at the discontinuity

whích rve have not accounted for"

CHAPTER IV

AND CONCLUSIONS
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4.2.

In conclusion r¿e see that this method has a rvide scope in the application

to problems concerníng J-oaded structures. Although the required computa-

tions are tedious, they result nevertheless in the correct eígenfrequencies

and field distributíons. However, the excessive coniputation time required

in the computer programming may not justify its use in all cases" The

evaluation of higher order modes recluires the iterative evaluatj-on of a

large order determÍnanÈ and, furthermore, a large number of terms in the

series for the elements of the determinant. The ecruatíons are found to check

for the case when the beam guidíng hole is not taken into account as solved

by Bolle and reduces hís r,¡ork to a partícu1ar case of our solution. The

same can be saíd of Glucksternrs rvork. The method has its advantages,

L^'-^-'^- "- +L-* there is no neerl to eenêr.ate snecial functions for accele-Il. çVgl , III LtIdL LtIçlg IÞ ltV lIsCu Lv óç!rç!@LÇ oP

rating the rate of convergence of the series. The calculations allo\^/ a check

on th; number of terms to be used in the expansions, the order of the determi*

nant and also on the number of significarrt figures to be usecl in the calcula-

tions for a desÍred degree of accuracy.

The method ís applicable to the study of optimizatíon of cavitj"es for

accelerators, after the geometry has been reduced to a simple configuration,

--J ^-^^^-+^ Á L^-;^ ç^- ^-^1--^i^ --L^- ^&L^.. ^-'-drru yreÞerrLÞ o uoÞ!Þ lvr alrdrJorS \rrh€û other simpler methods cannot be found.

Conclusions
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4.3 Suggestions for Future Research

There is unlimited scope for research in

filled r.f. cavities. Althoush the effects of

179-2Ll and though Nishikawa 16l has used the

in investigatíng their effect, ít is felt that

the field of inhomogeniously

qfêmq ¡ro heino 'ín¡¡eqJ- ionfoå

^^,,-i',-1^-+ ¡-í -n,,4 + -^^-^-^Lc\{gIVdfcLrL Lr!Lu!L éPPrvdLrl

- ç-'^1 r ^..-1.--. s would proveo r rslg atl4lJ Þ !



40

noïe re\^rarding in givíng a better ínsight into ìf,. understanding of Ëhese

errects.

Besides this, problems of beam dynamics are of great importance and

though considerable rvork has been done ín this area [8r9,22,23), much remains

to be explaíned and analysed ras for ínstance the transient effects connected

with beam srvítching, beam loadingretc'

optímization studies of various types remaín to be undertaken, among

them the optímization of the r.f. loop and excítation methods for the cavity'

As poínted out [18], the volume of useful electromagnetic fíe1d, in which

acceleration'takes p1ace, is very sma11 compared to the total volume2and,

owing to the high reactíve energy accumulated in the system' strong currents

exist, causing high losses. LocaLization of the electromagnetic field in

a sma1l volume wou'l cl permí-t a more compact and economic accelerating system'

The optimum design of the beam guiding hole is another interesting

research problem. The mínimum díameter of this hole is normally set by the

size of the beam so that as the drift tube diameter is increased, the ratio

of the hole diarneter to the drift tube diameter increases. As a result., Ètre

effective radial variation of the electric fíe1d also increases, the field

on the axis being substantially lower than at a radius equal to the hole

radius. This results in a large radial varj-ation of the transit tíme factor

which strongly couples the radial and phase motion of the particles' Again

iÈ becomes necessary t.o incorporate radial focusing magnets iviÈhin the drift

tubes and the cell length becomes impractical' at lorv energies '

Fortheinstrumentationengineel,thisfieldagainprovidesarích

ground for research arrd desígn of instruments for controlo monitoring,

accelerator alígnment, precision phase adjustmentretc.rall of whích are required

in linear accelerators.



As nartíe,rrlrr inqt:nceq a few general problems of current interest to*^"" -*'----, - -

accelerator designers may be mentioned. Amongst these is the investigation

of the effects of the radial shíftíng of the drift tube in a stem supported

drift tube sËructure. The stems are required for mechanical rigidíty and

though these are advantageous in certain respects [20], often a situation

may arise r¡here their sole purpose would be to support the drift tubes and

it becomes necessary to remove any effects the stems may have on the field

system. There ís reason to believe that this rnay be achieved by shiftíng

the drifÈ tube radially. Further,,even r^rithout couplíng Èhe stem problem to

thís, the shifted drift tube structure could still be advantageous ín

reducing tank detuning effects and consequently is an important problem

that requires lookíng into.

Another problem that would be highly benefícial to designers would be

Èhe derivation of an equivalent circuit for the system from the fíeld solu-

tions. Though work has been reported in thís area, as yeË no major breakthrough

has been made.
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As a third example one aay cite a problem that has practical sígnifi-

cance. In the solutions of li-nac structures, they are commonly assumed to

be simple ïesonani cavitíes and the imaging technique applíed ín obtaining

their solution. But this approach suffers from a number of disadvantages

^-r {¡ *n} ñri^tsien1 tr'irsilv-i- ---''rr'áa^ ârÉ'ilcture there are a finiteano l-S nOI. PraCLrLdr. r!!oL!J2tlr drl)/ rrrl4u ùL!(

nunber of drift tubes anclrseconclly2they are not of equal length and are not

a+ ^a,.a1 1-, ^--^^cl intervals. Hence thís is a fínite periodic structure anddL Ëqudrry ÞPdL€

the field sofutíon accounting for all the above stated features ís quite

diffícu1t to obtain, especía1ly lvhen the structures are considered pulse fed

:nrl in fhe Drêsenee of the narbicle beam.
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llith the constructíon of hígher and higher erLergy accelerators' the

pþsieíst has uncovered a vast amount of ínformation about the nature of

elementary particles. This has alruays raised questions about exploring the

next energy range in accelerators. But going from one enelgy range to

another is not a simple matter, in that each type of accelerating sysÈem

has its limitations and an entirely new method of acceleratíon, better

instrumentatione more refined conirol and more personnel will be required"

Thus for the physicist, engineer and unthematician this field offers

an almost inexhaustible source of ínËerestj.ngand intriguíng problems'
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