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ESTIIAIE OF FINEIE-Q SUESCT OF THE SPACEK SROUTE BATS
OF THE Ui, UNUPABLE MOWE TH A LINAC

by
| DAVID ¢, BEPACKE

In Radiacion Projest Progress Repowt Wo. 4% chewe {o an sstimeta of
the growvth ratz of the IH,, wode due o convestive emplificazion frem
txamsvarse elestron-besm imfevaction im 2 lopg guide.  This cseimate was
based on the sosumption of zawn iwssés in the guide for the wode im.
question {and of mers slectrieal soupling betvean odjssent covivtiss). The
£allowin

e

iz an 26 bos ealeulation of the offset of fieize § while owaiging
@

s

&
the zossiis of 2 detsllsd celeniation. We conticue Do asoun: pe elastrical
coupling botwess adjzcent ecavitiss., In oyxdex to zizeusvent an slaborate
imvogtigation of the aciuel peomelzy, however, wo replace esch seviiy by a
slaple roscaase LOR cizeuwiy and then mabod cesfficicnis with those deyivod
in zefevenss 3.

if we imegine & beam passing betuwzen the plstes of 3 pavallel~plate
vasuvn sondensey (plate seperstion = Br), we ¢su saleslate the opssesirzesit

4
L
yoltage indueed a2t the pleves. I is (im ssu) Just

7, = 2l{ayfosix o bex/a

for a small displacement ¥ of the bheas from the midplame If the Lipesw
depsity f8 h. We pov suppose that the civewit contains we loss and then

thore is ao focusing. The voltage saress the capaciter is thenm
(p = 3/8 = ia, w = (10) o
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The corvesponding scceleration of an electrom is eV/Bavm, and the equations

£ motion sve (v = A%/ /me®)

{p & wvgln = u

{p + vaglu = {@@Emggvfyaﬁﬁ(wgﬁ = o)™t =

where v iz the styesm velocity, which we henceforth take as e, and

whaes o 4

= 3fbw = -1k, %The spatial growth vate is thus

= [awfw?aé}{f@f - “‘?Y] ¥

This can be compaved with the value from referance 1:

ky [K N @gﬁaﬁﬁ( ® &?> = % 9

4]

the resovant Ivequency of the cavity in the TMypwucde, f 4z 3

y Py
o)

geemstrical fmever, and a is the rediss. Thus we must compare E&ba with

}6 ?rm.:-u /;

=

The guentlty £ is of wnit ovder {though for special parvasmeter

choless 1% con be wmade Devs). For the indlested wmade

@ 43 &3 s & Y
@ = = (%27} {%.83% + FaB®)

if the cavizcy leagth is %L, Por resscasble sevity leagths the two

aubers ave thereforve of zomparable mageirude,

&

Yie wow proceed with considevation of the ICR resonsters, imcluding

nonvanishing resistance and imtroducing focusing in the form of 2

=

begtatvon freguency. Fhe capasitor woltage then becomes

Wom (L A B fom )y
o {L -+ ¢ ym@ 4 pgf&{@@l LI
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where § = lfmﬂﬁﬁo The eguations of wotion ave now

{p + egjx = u,

L

L (p + eglu = ?»m@a 4 (2eFvfya®} (1 + g?;@%@ + ?ﬁ@wﬁﬁ”i1'xa

From thiz one geis

ek = @+ wgzﬁ w B{1 w_w@ +‘iwfq}“ij He

: where the definition of the new synbols is obvious. Conslidering fivse
{1 =%® + Ww/Q)~*, ve note that it i zero for v = w, ] for w = 0,
behgves like 1 - iw/Q fow emzll v aad iike -1/" fov large w, aud ls

-3 for w = I, so that it Jooks somsthimg like che diagran below:

W=ooglo 4

= ? va‘\N =

4)

. 1

ﬁ, W=

The corvesponding gusph of the radiecand is of the fovme

%m_bg

1
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At waximum growth the redicand i3 therefore voughly 1 4+ b9, and we then

have (8g m = w@;?
ek = wy + w@(;ﬁ. + %ibQ)
for BG emall. The spatial growth rate is thus
w3 ; =
ki Qsaw?fmg& o

i€ wa acsept the analogy betwesn the LOR oseillators and the wevegeide,

we can then weite for the lakter
k, = 18,4 @f@ﬁvf?mﬁt&@aa‘%ﬁ
provided thiz iz small compared with wﬁf@o

One 45 facliined to Bry ¢o reduce the growth rste by mokinms f smail.
¥ g y 54

FProm referamce L {p. 21}
£= {1+ @ﬁ?ﬁ;fﬁ)“{{wﬂ}@m o 37171 aom gmj 2

vhere ¢ = okfc. The principal concern is with the vesomsat frequency; if

@, is the 1, frequescy, we have approzimately w, = 2.hefa, giving
L4 0675 1F » 0.5/ ® = 0.58,%/9,8,

Thus nea? © = 0y

2

6 = 2.5(0,2705%]] (2400 (2 - 6,2/®)"% cos 4 6, | %,




The brecket as ¢ functien of ¢, can be estiwated from the Followimg tabies

S

9 T‘ ]
0 0
w/e 0.95
""" 1.57
2% 103§
A 0

We also have
fo = 1.6{qy% + 509}%

from the above formwize, po thet

£ = 3, %% + 5.9)7 17,

Por 0 < ¢ <w, { varies abowt linearly from O to O.7%, Prockicsl values
of ¢y veoge frowm about HW to w. These give ts values between 5.0 snd 5.9,

cerresponding to values of the bracket in the above tabdble veer the
mexieum, This tends to discouzage the notiom of killimg the fnzeabilicy
by simply adjesting afL.

He san estimate the growth rate for ¢ = w, which seews to be the
most Bikelvy cepdidates

B, = 5.2 % 07 %0ve By, .

B

To get sz ides of the antual grosth including the incveass of Vo W@




is propoviieonsl {sshecript § =

1

v

- maf
e\t ke, ds,
since this factor accounts for most of the imcrease, while for E«:i we wrike

] Bi{vs + '8}, The fatezrsl is them
* ¢ F F o g 7 7 2 % g ) g
(&fy") log {p.lwm) = 'fgﬁﬁf’?@}gﬁk%f%@ tog {a/ff.r@)j .
= The guanticy Ks ﬁf;v@ ig just the emponent which would be caleulatsd 4%

the initisl value of 7, were wsed. It shouid be obsesvad that it ie
zlan the sporepriete suponent iIf mg iz propowticusl ko 1/y, which 1z the

case in e comstant magmetic focusimy field.

If we uwae Kl = 0.8v, vhich corvesponds to takinvg 9 = 109,

2

%@/@33 = 0%, sud caking 7, = 60 {out of the fivst cavity, a8 @ refevemce,

o

and seb 2 e = 3000 om, we have on the basiszs of sonstant wg?‘f

v = 0,000k + 6.8 smp

for a siagle e-fold ineresss. If we SUPPESR W, constant, the corvesponding

value becomss, for ‘yfﬁ??@ w B0,

v = §,0086 -+ 61 amp.

it thevefore seews cleey that seme way of reducing O for the umvanted moda
while lssving 10 umeffpcted for the Wy,, wode, i vequived. It Seens

regsonsble to seek 8 Gropuiling factor of the ovder of 100. This wmight be

asceouplished by the wee of resintive vedisl vidges.
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