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                         IntreductioR

   The possibi!ity of oseillation oÅí the klystrolt, includin.cr the ease of
the i'ei'lex ls•lystron•, ha•s been diiseu,gsed by many authors, "'4'7 ": but in

their caiculations, the e'ffreet o.f; the transit tirrie oÅí electron in t}}e resonator

gap and the effeet of' the o,geillato}'y vo. ltage on tl}e electron rpotion in

the drift space have been nefglected. 'SiYe 1}ave ealei'ilated t]he interelee-

trode admittanee of the reflex klystron, tal<ing t}]ese effects into eon-
sideratio)x rj]he metl]od o// calcu}ation is ,gimilar to that Nvhicl} the senior

atit}}or (I. T.) has adopted in the ea,se ol' B. I<. oscil}ation.2

   lll t}}e Åëaf e ol' refle.x l<lystron too as in the ea,ge oE B. I<. oseillation,

we coiild demon,gtrate- t,he- procluction oÅí tl}e negative conclt'ictance.

            The Velocity of EIectron in Each Space

   [{)he sectional viexv of' tl}e reflex l<lystron in pi'ineiple is ,g}}own in

Fig. 1 (&).
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 l.l2 Jscto Tak;altct,gltz' and Tt"e7?"'i .lifitao?,?:.

yftgil/'gef'jigl,z(}lili'g,li',il']tJ,/j':}siiill,S•lac2,iig'.i/j'g.g'iei T ..,, f

                                        -Va xvl)'ich GL, Iaa$ 2}galnst ai, ancl. - Vct is
//•;lj"f,V;lil/lig/111'111/:.lil.11(//j'i/i`,?`,r'11i/11i./1,ilil//,ia".'illl;?.,/1,',r"i,ililecllY;/,,*.:.ki::mm-:ec';w2effiteAtL

 the ref o}]fttor I'rorn Gi.                                         VA
    Fir:twe ea,Iet'ilat;e tke ve,loc.ity o6 elec- Fig• l• (b)
 tron in eaeh space. [lrhe velocity 2eo whieh the electron has "rl)en iS
 }'eacthes Gt starting from the filament,, is

              . ?t•{}===,V2--,t.iV.i,tT•,• (i)

Nvhere e7?, if tlie ma,gs of ftn electron an{] -e itit e}}arge.

    (a) ll3'rom Gi to G2• '
    rrrhe ecp}atiion o{' motion is

                        o??. d./<ifi. .,. e :e'g. eje)t .

                           dt d,

Fron} iihis e(luat,ion, we get the ve}ocity ?ei in the resenaSor .o.-ap:

                   ?t,i (t, to) rm 2eo -l- 91' l!-3 (ej`"t - eJ' `"te) , (2)

                                 ,7 rt)

xxrhere

                            a, Era.. -e 1'o.nv , ( ;o, )
                                 ???, d

Rn<i te is the iRst,tint ttt whieh ti}e eleet,ron pftsses tl)roug"h Gi.

   Ci]}}e inf ltu}t ti aS xv}ii(th t;he eleet;ron reaches (x'.,., ct}n be put:

                       f•i =: to {- T't+ETi., (4)
xvhere rPt is t]}}e tra,nfsiL tinie l'roni Gt to GL, ivhen ?,a :: O, nan)ely '

                            z -- -d-. (or)
                              • ?0o
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    And the (levlation ETi from IZ'i is caleulatecl ha the first approxi-

matlOn as:

                5Ti (i•o> 'ww' :,//,,//'e+,, ejco"O(e'itoTi -1 -,i(vTi). (6)

[l]lm,g, the veloeity whi(;}} tl)e eleetron has when it reaehes G2, beeomos,

ill ti}e fil'st, tlpproxilllatio}1,

             ?ei (ti) == 2ei (tl , to) = ?bo + g' ejblt•e(ejdiTi - l) .

                                    j (ti

   (b) l?.rom GL. to .tlt and again to G,2.

   [l]he equation of motion is

            mdt?11t}-1 - t-C')-Y.,(i + Re'tut), where ll -- .tY//.' ' (7)

lll'rom thig, cqufttion, t}}e velocity ?e.n. in this space- is

   ' ?eL, (t, io) == ?gi (ti) - cyL) (t -ti) - Elliit"-,-.R (ejwt- ejin te+Ti)) , (s)

xxr}lere

                           av, i-iEma- hfl Yg:. (g)
                                on D

   {I]he in,3tant, wlic-n the eleceron comes back to GL., can be put

         i,L, = rt•t + TLi 'i'- 6'Li'L, -- t'e + (Ti + 6fZ'i) + (tZ':, + 8TL,) , (iO)

wl]ere tZT2 is the trtmsi'S time lrrom 'G.". to G2 beft)re A•,when vg =O,

thtit is

                            TL•=:lli'(iis•- (io

   STL, it t}}e deviation fron] IZ'll cause(l by ?}, , an{] is ealei]latecl fx'oin

(8) a,g:

s7,,,(te) =.- "9:'Ct' eJ'e'te(eJ'`"7'i ve 1) + un2.l{ltl..e•f{o("o"Ti) (e•ia'r2 -- 1 - ,7'(oT,,) .(12)

         ,?' (t) af L. (t)- TL,

   Aceordln,.cnly, t}}e veloeity whie}} t}}e eieetron }}as xvhe-n it is baek to

G'" .is
 -)



1.1-i .l.,gceo fXTa,krctlttts. lt?; and J(e7?,ii nfi.ta?zzL

   'lt,fl (t2) == ?t,2 (t2 , t,O)

      '
        = - ?eo 91gtL- ejcoeo (eJ`wr2 rm 1)

               2 (ti

          -f' rZl},-tL,v"`-iej`O("O"MZ) ((- 2 -l- ,7'e)To) ejtoT: + 2 + 7'o)T:) . (13)

   (c) ]B'rom Gia to Gi .

   By g, olvin.g tihe eq-ation oE rnotion, o?zdSi3 ==eV-cl"ej"tub, the velocity of.

t}]e electi'oxx moving from G2 to Gi is fotmd, to be equ.ftl to

             ?e;.,, (t, te) -- 2eL, (tL,) + 91Lt (eje't- ej'bl (to+Ti+T2)) . (14.)

                             2 (ti
   If we ptit t}]e tlme tt) when the electron eoities back to Gi , as l'ollows :

                       tn --• tL,+ Ti +S.rl'3, (ls)
we ,.sret, by intaerratln.(.r, (14-), the f"olloxvinfr {'orm f'or STtt:

6"1',,,(i,,) :::.7 - ei("(Ti'T2)5.7',(to) + -.t"1ww.(,ia)'LPDe•it"to(e•i"'Ti ww 1)

                             (i)-?lo

         + -11e2,](LYii,i Zt/le•j`"(t'e"'i) ((- 2 -t- ,7'(tifZ',)e•ft•}72 + 2 -t-,7',.tl,.,) . (lc,)

             gAduced Cuyreni iR the Resenater Gap

   'XVe ealetilate the indiiced em'rent llo.xsri}]g into G•-, by w.ky of t,l}e

re,gona,t,oy h'orn ai , c'aased l)y elect]'on n)otion 'i,n li.I<e n)anner as 'i}] t}ie

pl'eviollg, pape}•: .i, '2`

   "i"}}e ln{luce{'] ca,rrcnt; tL ca-sed l).y the repolle('1 eleetro}a,g is

                               to'                        tL =: Zii' !,,efa cite• (i7)

w}]ere on, is t;he mimber of eleetrons emitted per tmit tinie by F to con-
ts•ibute to i;}}e o$cil}ation. (, is. the to of t}}e eleetvens, ivhich pass throti.c.rh

G., at t on their xNra,y baek l'ro.n) be{'ore A {},n(] tA' the te oi' tl}e eleetroiis

wl]i<:l} {r;onic) back t{:} (IJii at; t o}] t]heir NiLray l)aek tJoo.

   XV'e httve

   tl, ww- i - .rl', -fZ.', - 6T. ,(tl,) - 5T,(tl,) :-ny i - fT, - ff. '.. -6T{ - Slil'e,

   il ww- t - 2,T, - tZ"., - 6T, (i.Ii) - 5fl),, (f.:;) - 5T,,(tl;)

     -r-}- f. pm 2•Ti - To - STI'- 8T:,;- STi',
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xvith

       5IZ)I -L- 8tZ',(t - CZ', - tZ.',,) , 5T[, EfiE SCZL,(t - iZ", -flL,),

       tsfZi{' EEg 6fil',(t - 2.}Ti. -fZi,) , 6fZ';' iff! 5i(i,, (t -2T,, - IZ',) ,

       611.l' ff ST, (t - .9., Z', - IZV,) . '

Then xve get, to ti}e first approximation,

 J, nd- - ne + Tcle,Yi, ejco" [2 - 2'tuTi - (2 + 2'tuTi) e-jcoWi

              + (2 nd j'ctiTL,) e-J'bl2'2 + (2 -l- 2J'ct)Ti - i(oT,,) e-"jW('S"i"a':)

              + ( ww 4 ww 27' (o Ti + 2j'(o T,,) e "" jee (Ti " i' 2)]

      -l- !Y//CtVv-`'.II(.g eJ"'e [il - e-JWi'u pa ,7'(titLPile-"Jee1'u -- e.umjooTz

              . + e-je} (1'1+a'2) -" ,7'(o!Zlu{J -'jtu (Tl+"'L')

         - Ziltl ((- 2 -F 2'(oTL,) e-"jtoiii + (2 + 7'(vT,) e-J'to(i'i" T2))

            -
         + );ttl'i'i:. ((- 2 + .o'(vT2) -l' (2 + "'(otZ',)e"jWT2) (l - emjWil)] .

                                                             (18)

   Similarly, t)hc iiiduce{l current ,,7.I., cttusecl b)r the ale}ctk'vnf movinL/g'

from Gi to Gt, is

                         JL'=tt'e Sl,z,e,idto, ' (l9)

                                -
ivhe}'e tcr is tl)c t() ot'; the elcetron$ iv!iicl] pas,$ tl)rou.t..,'h G'.•., at t on t•helr

way to A. "1"herefore

                                    '
               t6" =: t- a', -6f', (tS") -.- t- T, -Sf,{n,

with 6tZ'1" i'ei:=!= StZ'i.(t - fZ'i) . "llL"hL}s we s,et, to the ilrst uppro.xin]atiun,

          Jic -- ,ne -F ttt12C-/-,ll, ej"e[2 -,7'(el'i. - (2 + "'(olZTi)ewwjw7'i] . (tj.}o)

   rllrhus, b)r (18) ancl (20), tlie total in(luce(l (:urrorit ,1' flow•ki/,.,r into cr,•

by way oi' the resonator i'roni {ii!i is .given by

                           (f ue Ji+J,. (.9,l)

                                    '
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              The EIectronic Adirvkittance gR the Cap

   In order that the oscilitttio}} n]ay oce{ir ii} t!iis krystroii, it is r!eces-

sary t}hat the ne.{..r,a'eive eondaetance is produce(l in the resonator ..<rap.

   NVe ca!} def'me tihe electronic admittanee k} the resonator s,'ap by the

f'ollowin.cr expresg.ion :

                                  ,.J'                            Yntww ,'.c, (22)
                                 vae

w}}ose real part is the conduetai]ce.

   IEI'or simplicity, we take the case, where aL,le == -SJ-Vfi'i- can be ne..frlectecl.

                                              e7zZ)

against cX,t == ;/t/i'k because of d<P. I}i this ease, x/ e g.ret /fior Y.

          o  Y'i =:=' s/1,/11i'1.;.i r..4'' - 22'(oTi - (tl {- 22'(t)T,)e-jtuTi

               -I-' (2 ww ,1'(o7':,) eumj`"!'2 -l- (Lt -•F 1?,7'(ivrl'i - ,)F'{t)iZ',)ermj`t'(LV'i"'i'L')

               -l- (ww4 nd 2,i(e'/Z'i -{" 2,7'(oT,)e-jW('i'i"TL')] . (Lt:.>))

                                                          '
   'SLVe :i,ssume (o'1'i t;(/, bo .sufflcientl>r smnll coiii]!/}are(l xvitl} tmlty tmd

expancl e-j"tli'i a,ncl e-j'`eTi in powers of' -,7'(oll'i , tt}id then we e.ypres$ (Lt3)

in i,n ag.cendh}g'r power s)'eries oll -2'(oTi .

   'LI]hen, it wrill be seen that (23) begins. xvith the second poxver of - ,i(titZ'i •.

'LI]his corresporxclg. t;o t;lie l4aetior 1/cl2, tLncl theref'ore thc approxin)ate ex-

pre,ssion for iYi bec:on)es

                itr'i -ww or7?Zi:'e2:. [e-)bli'L' `I' Tltr ,7'(vT.)emejblU':], (9"4.)

'vvhose real part is

                ai xx o7?iz`zi:.; [cos (ti7'u, + -il; (oTL, sin (eTL,] (25)

   [ll"he expresf.,'ion (25) of Gtri takes its n)inir/t}a (i}egtttive values) in' {}he

vicinity of

            i(vT2 -ww 2T (oz + -21 ), n -- O, 1, .9.,•••••••••. ' (26)

   Thi'is, we can demonstrate the possibility ok' the o$eillation in the

x
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re{ieax' IL"rJ,'.gtron. rLll"he yelatien (.9.6) .(,..rives the Nveli-ls[iio"'n opt}lni{tn]

phtLse lt)etweeii t]l3e busiched currei}t an{ll the 1,,rap potcRtitti iii the refle.x'

lclystron. '    If xve retain tl]e terni with the Lactoz' ev21t k} the expression oÅí Y,

we }mve the t"ollowing aclclitional term Y2 to thc exp}'es$ion (23) 1'or Yi :

 Y2 " o?zSteiil'(o., [1 - e-"j"'i'2 - ,7'(tiTL,e-jee:': - e-jcoiTi

                -l- e-ito(:'1+1'L') + ,7'(ti1}L,e-'j(O('l'1'FTL')

       - i'lil:' ((- 2 + ,7'(ti!Z'L,) c-j`e2'i -l-- (2 -}- ,J (otZ',) llm'jco(V'!+i'L•))

                        '
       -F ,7,//l2'J';l.l, ((ww `9J Vt' ,7'(tifl'L') -t- (2 -lm' ,7'(oCZ'L•)c:'jW"Lj (1 ww e-jtui'i)] . (ELt7)

    'XV}}eii ive expand .ZY'L, in {.)oxvers ()i' -,i(oCl'i, it i,vil} be seesi that} Y:

begins Nvit',h {;he fir,st poxve}' oi' -,7'(orl'.i , corrcspon(lin{r to the l:aetor l/d

ir} tl3is expi'e$,sion an(l Kve .,(,,reti appyoxiniitt;eiy

                      c)              YL• :,J;,.it/itli-"-/ltli/iz, [Ji'{i - e-jtu"'L' -,7'(tiiz},,eveje'i'L• }-]. (t,es)

   rLIL"l}crcfore, iii or(Ier t]o j{istify our ne..{rlection of` the tern] ivith the

l'actor cyL,7b' agaiiist the tei'n] }vieli the {'actor cvi in Jt", lve n]tist coll]pttre

lcxi(- ,7'(ti'Ll'i)"I "Lvith lctL,.llS(- ,7'cotZ'DI. 'Lll'hls ]'atio is (etZ'i c\s : c\L.lb'

= (o7'i : d/1)•
   llt' (o'Ll'i is ,su{'lieietitly larger tha}i cl/1) , ive are jtisti{led to a{].opt <2t4)

tts the elec'tronic adn)iti}ance.

   IIII', lioxiLreve}', (tifZ'i tuid d/.Z.) are of (;on]ptu'a}/}le order ol' ii]a.,(,rnltu{.le,

(L)S) ctu}not be nes,leete{1 af,,r{Linsti (2• 4). rLII"hen, t]he electro]ii<; a{ln]itttu]ce i,s

     1" = }1 + .IE•'`.}. -- ,iltbllill, ([e-Jwi'2 + "l; .7'(oczr,,e-Jblv'Lh]

                           + ic [.7'(1 - e-jCe'" -.7'(o l',e-jot"L')]) , . (L,g)

-with rc = t-I'21{L2 , ati{l the correspor}{lins,' conduetaiice is

          (u Ti

                                                          'G = •ill iLutS'igb, ([co$ (vTL} + -llM (vTL, sin(o Z'2] + rc[- sin(tifZ'L, + (o:t'., co$(vtl':]) .

                                                                (;.go)

.
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   For the expression (30) of G, we ctm expect the prodvtetion of'i
minimum (negative valtie) by simple c2Llculation, kx tl]e vicinity oi"

   3
== -T .   2

   For bhe finite valttes oÅí (oTi , we can demonstr.rete mm)e}'ic[tlly

existence olf the minimum, wl]ieh is nesrative, of the reai ptu't of'

                                            nfunction Y = Yr-l- YL. in the vicinity ot'  a)Tll = - l'i-7r .
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