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Stability of Beam-Cavity System 

Tne stauility or' a Beam-Cavity System has been ir.vestiga-oed by 

L V.. I<cbir.son and a 4th order algebraic ec;uation derived, fro:n 1<hich 

th" complex resor.ant frec;uencies of the system may be found. 

Tho;:: ~:::qu&.tion r-..as ~ecn evaluated for the parame"ters of l'il!':A. with 

dif:·erer:t condi tier. s o:· R. F. tuning. 

The equat.ior.'j ·J;itri a. slight chang_t: ir. nomencJ..ature is a.s follows: 

"" ) !> + iii • ~., + <' 
liC r 2 2 2 zA] L~ 1)- ~ ? €1. tan ·If + 

2 
~ 0 ~ "" i2i. .. [ @t ~ 2 2. 2 v 

+ @:1 tar. "'if - @:1.. l ctan 1] A
2 

•·nere !&. = [ 2~1'2 €!' 

h 
s 

v /Jl; cos 

v cos = 0 

"the synchronous ar.g"u.lar fre_~uene:,y ']* 
of' t!:e ind.ividua:. electrons in the S;yr.cl"'.IOtorn. 

@t- ~0 
-~ 

l 
the natural rate of response oi· tht:: tune a circuit 

~ = t.ne natural, angu.:.ar re.So'nant frcLiuer:.cy· 01_ ::::-.e tuno;::G. circuit 0 . 

'-L = loaded (, factor of the tuned circuit 

1{ = angular- aet~ing of- the tuneC. circuit~ giv·~r:. ~y t.::~e 
aG.lki"t tanc e Y : = ~( 1 .. j tan '1') 

f = kF. drive. frequency 

~' = orbit co:npaction factor. 

V = peak cavity voltage.· 

V =IRa._ l 111"' 

p == transit time factor- of the cavity. · 

1 5 ~ s_yncDror.ous er.erg,:y' cl' eiectrons in en.~ s.:,.:nci~rct:::·cr .. 

~ = P!-!ase ar.g~e o:f beam cw-rcnt 11'or.t. cavit.} voltage as 

shown in figure (2) 

!>J !jj,f> etc ar, assum"d to be ohar,.;ing as. A 1if t 
e 

i • (;.:>.A-11 i'.. r • ;,.cce' ~era tior. II by K. 11. Robinsor, pp 14 - M c · 
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is ~!:e ge~~!~tsr c~rl~~t 

r, 

.. tf:.\:0 '+·'"'-:; !.:c/ s -...;L-:.L.;;ont:!'lt o·:· t~:e ·tea.:..:. ·-currer.t. Fer 3. bE::: E.:..;;:: ~ .. e:!'·:\::::::t <~ 

·cu:,chcc .,t 40cl ,_cj s 

~L = 2 ~ 

·:,here I i~ thE: .:!.te:::.·::. D. C. Circulat_irtg ·.currcr-.t. 
D 

::or t:riis cor ... it:ior. ¢ = /;
8 

.. t:-:6 S~·r~c:~-ronous p!-~se ang_le oi t::e i::~iv-iu-... .. ;_a:. 

.:..-.:..;:;:~..:"t.!·or • .s. 

:.:· p_ is t.:::.:.e ;,:ov;er giv-c-r1 t.o thb :._;ea;.n. tb keep 7..~:.~;.- clcctrcr:.s :.:: c . - . 
S...; ::-. c!:r-or: is:.:. t.:.or. 

" - "" ,,, " 
• c - '"b f"·· p s 

troa •nc• beaa oondit1011 

v J_ 
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f'ro. -.ector diap'u. 
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ParaJOeters 

The parameters collliiion· to all the calculations were 

giving 

f ~ 40c Mc/s 

.,.· ~ .0453 

2/'ff' ,s~ 

~~ 4 X 1 04 unloaded Q 

G ~·cavity shunt conductance c 
G

0 
= waveguide -shunt conductar.ce as seer. by t!lt:: cav:..ty. 

. . ~ ~L ~ ir ~ 6.667 103 

1 
R = & +.G

0 o. 
~ .667 Jl.fi, 

Ib = .272 amps. 

The para.ilieters colllll!on to calculajti.ons at the time of' inject:ior. were 

E -s 

~ .. ~ 
'""'s 

4 X 107 • i 
eV 1· 

! 
. ' . _.: .. 

7.4 10
4 eV/~~rn, the increase in s:yr.cior onous 

_[· e!-.ergy··per l;'..lrn. 

I 
I . I 

''"""·· :· .·· L.' 
€ ~ .4-9 ~ ·. -'; i 

~ 

~~~?~-~--

.,< 
2 Ib I 

I .·· 
The parameters common to cali>J'ia[~ion at :full e'r.erg.y w.ere 

. . . I . . 
J> ~4x109 evl· 

.s . .··.· :I 
' 

. 6 > I. 
~~ ~ 1 ~1 x. 1 0 eVVturn 

s . 'I . 

. ·e=:t.o 
The· variable pararJete.rs were lal)d1ol{., 

When. '1' was not s!l!'!cif{edi)coz¥l.l~~6ns· yere woikeci 0ut so that the 

input impedance of the c~vitj :wis .P~fiY 1:-e-~istive, this. automatically 

fixing 1' and V. · · I 
.· .[ 

;.When 't- was specjj'ied .th:i.s prece[dure was not carried ou·t, ar.d 4 
wa~,;~~~tat· a~ fixcd~vallle, -~Iii$ value'bei~ such that ·by appro~riate 
Ch0lCc o:;::,:-.<'11 .. tne cav1 t: .. · cou..La. tre· to'taJ,..u....y. ~tched_ :t-o.'. -t~he wavegu1.ae. 

, . . r·· 
-".,-------:___,-.,- -· --- .. 

:a.wii~.~·cf.' 

. Jilm (1) 

i 
I 
i . .. · .. J .· .·· .· 

~!~ ~iMU.Uou. ~iw~ ~ oi' ~ Mirll~ ~ ft%o 

,,.1o'i~j2o . ·I··· 
~,, oant_y 1a ~~ -~ _. i!. f 22° f "' 58.83° 

@lr r• (U) . .. .. . . . i 

·····. a.l. Jlliri @~ ~·· . . ' . ·:··.:.'· I 

!b. 11'\Ml pu-t ot ~ ('i) --.· (2). ~ ,<_,~,. ·~ .. p;lri @t ·· .. 

lN!4>~• -< 1 > .-a (2) !!. 'i.1 m 1 o5 @IrA~.·· .. ~ d@i!fl,J u til!@ ~i~Mi~·· · · 
0 .·,;4t!.,~ ~""~···u 0 --- --~-- -- 00 0 ', 
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- 'fb real part of roots (3) ucl (4.) 1a alao ct,·nc;tnc al-J..y. 

If the real parts an cleaipat-40(
1 

rk
2 

o<..
3 

1){,._ 

then - 2 o( "' p( 1 + 11{ 2 + 1)(._3 + -<.,._ • - 4:. 
•heno(1 "' ~ 2 Ulcl I)( 3"' o<.,._ tbea- ~. \(.1 + 11{3"'- 1-922105 

When , ~3° the mat .2 root a be- pure real, ancl when ; -:!!; 27.3° 

one .of theM roots N&Cbea aero Ulcl then b•a-a poa1tin. This 

oolldition. correS)IODila to .··the· c0n41tiem •he11'j .. l/ /2 - ; 
Grapb (1JI) 1a an expancled nraion Cit (Gr.ph A) ·. 

Cirapr~ t 1 G) Imaginar:r.- _par-r; o.:· rocts_. ·" 

:t;un (2) 

'l'!:c baginary pari or roots. (1 ) . ar,c (.,:) Lrco. ,£ = c, 
0 :;o 

P = )
0 

is ve-r~t :_1~ucl: less tha:r:· tl1t£ r-.ii -p1i·1;t f::_r.C. is nc~ · 
sigr.ificar.t-. 

·n1.i:: ::.r::a~:_:LnE.r~- · pa·:_·t of' ·:r_o_ot·s (3~.- -~-nO._:·. (f)·-_-::t.-·A 
the. s~.r.ci-.LT.otT_?_n _o sci'::-a ti·or:_--:\r:e.qlfc:r:9:y;; · -·.=.:.->e:-.' ·;. t. · :t Very 

nl,s!'l bea.:n lO·adi·ng tf'.,e . .de:V.ia_tior~- frOJ!! .n...> i,s··-: Sma:.l .. 

14'-..:ll cnt.:rgj' Cond:lt·i~:d-~:-. · _Eek.'i{t.:.ve ·part 'o:· ':Jea-:'-' lcadiL-~ t;·j~,cd 
put·.·~· = 1 ° to 6C

0
• .Tr,e ca:fitoy is ,perfc'ct<· tur''"' ·,:,ec. l = ;.:;0 

.... . 0 , ~ :x;.7 
' G- ra:: h \ L·.-,.j 

'"'ea;. PB.r·-c of rOot-s.~:-. 

Grap:: \.2:C) "·o:-_:·_. .-~--· .. . 

Rlir. \3:, 

I~a.gir..a!··~: Pz-r-t_- ~'f· i'06t:~-•. 
:,·,._ ...: · ~;:,._..::··....,.:,·r· -._· ··r·t o.::-· ·r. o·o·-:....··'s·:·:.: (1 · "·.-'a·:---(,)· ,; c: ,-:...,;a··-..;.,.. "o+ ""~gn;·'""·;co~-...... ,._ ........... c, .......... -~· -· :: ., _.L ,_,_t..-,.; .:::{ <=-··. _., .:....-- ~-:- <1!-0 -·.J "- I> .. .J... ~ ..... .L ..... <-<..L'"• 

Ii':je-ction- c·onu_i_t,iqr:'_s 
-. ~>: :,;;_;·,; . -'' ' 

p = .2.L . S'f" _o. : o 
= -40·. toe + sC 

·;"' :;!: (3A) . . ·.· .. • .. ,·.·.·· .... 
. . ... • .•.. , .·· G 

r v·v't ''"'tci·e' ,..._.•·;-<d)'· 
4- ...... ~· '""Ci:- .-- j. .._ f: --::--,:_,-~:·-- :.:·-. 

~·-6a~ ?-al'"l; o.i·- Tocit-:s_~.- · · 

:'qr_1' ·---<- \., ne·ai:>f,aft -OI 

s~.- st.·~~- :·s -.-.:.ir.s:ta-tie .• 

:;rae.~~ (5CJ 

I'oot'~}(3) ar.q ar: -~ 

.:..xpar..C.cal 'l~i s·io-r: ~o_~. 3A . . ·:.: . ·, ___ . .. 

Gr.'-'-_;:..[.:. l3c) _. _ .-_ ::..-
J;..:..a_si-r.a-r,;. pait-' 0:1'· .. t'do't.S:'~ 

.- .... ~- , .. · . ..;.,.,,. : . ....-· _;:_· ........ - '- .--(~------:- ~-·· .'(·---- .. _' ...-. "- ~ ......... .,... --~.,. 
....... c .,;..,u..<:. 5 ..:...Ja.rJ y_a1 _~... .0..:.-- _ ... co:t:_s '· .-1_-; . .-.::~.~~a 2-)- __ _ca __ _.e · ..La .... r,t::~ .o::..1 

u r:::. ~:::,:::" c:;,a::::::o::v.~.t.:~:~¥~~fP~ = ~8 .;Js 
·r:·· -1'- i~ .-:.r;crc_~std ~o ·,)_5:9: .;o.6? .. s ( i--~:-- a.r,~~ (_2_-::- 9ha.:::gc ra;;i~. y-. 

"o:,.._ .. ·~ '_·,_ :;~- ..;.,.. ,- ·r ,---:~ • -.'" ·~··,5 _._.-· -- ~~ ~,·3-
J..~'- ...... i;i.:J.~p.l.r.e; _ ... __ -..:. .. -_,_Crtd,_sec- -fro.rr. .• "J X l.\...- - t.v-:1 •-('-+ , v _ 

··.,. ·_ t- · ·;..; - -r· ··• · · ,.~·· ... .f"·i--- \·- ~' . · ,..,~ .. ~ .--"' -a.. a :t..'-' :nO ... lOL ...,.:s_ c~ .... J....J.-a.l.O_} .... ~g );,,as v.:-'~·0..-.eu. "'-' 

expor..tr.t..ia:J.. ::-~g '(~-j f:c;.- 't_!-~e _C-~_Sl 1' = <;Sb.-.:.:)0 - -~, 
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