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ARS Tn.4 Cl’: h!.rc rrmprc.r.rcr-r bawd on thr SLfO /ViflCi,“:t~ urc 
ured for eIec~rc!n linacr to reducr HI‘ powcrf 11, [ 21. In their origina! 
form, their output .rigwl is charrlctcrized by a .rtt*r~ tmn.ricnt, fcdlmsrd 
by m cxponentlcli demy ‘I‘i:i.r shape is not wry wcil s&cd for conttorlt 
gradim acccfm~ting stmrtwc~, which arr dc.r/gned .fi~r rertnnCqular 
puiscs. 7‘0 achicw rectan,q&r olctpu: pulres, (1 short -. circuited tranr- 
mission line ha been proposed ar (I rtoragc dcvicc[3]. In the present 
con.tibution an aitcmotbe wry tn product rertungukrr pui~es wil! hi 
suggrstcd, which doer not need o djffermt .rtorugr dcvicc. 77~ complete 

high po~‘crpart cm hc kept, t/x or+ mod$Tcotion is the rc;irAxwner!t of 
the phatr swrtch bjf n con!inuotcr pharc mr~dt~lc~ror. 7th~ griidient 
achitwd in a ‘cozrtant grddicn:” .rtructwt~ dwx not di//br Vera ruuch 
,fitvn thct M,ith dhc or&wl circuif21. t>rc: thl- W/:LI,I;C peiLk (7, the, iq~ir;- 
niyc of tha pu1r.p i.r awidcd 
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Fip. 1 +,o\i, the 1‘~) out for the pulse COIIIJ~XO~. i\ 3 d11 uuplt~, 
canncacd to l\V\J C,Jll,il stor‘lj$ cavi:ic\, qxmtlcs the forward and 
backward nxmung WHVC. When suit~hing url the klystron. the empt) 
caities form rcxly 8 shvrt urcuit, so that thu roltajic is rrfl~~t?t:d u-it11 
oppcnitc qm Vv’tdlz the cavities nrc char&, thu rt:flccti:ln coctiidrnt 
increases, and fird) the rcfMc.d VOltZLFc ha’: the sarn~ phase a\ ttx 
m:ident wrivc. In the ongirnl dcwcc, now the ph;~v cf thi: \‘.‘:wc is 
inverted, yicld:ng a voltsgc step of two times the incident unplitudc. 
From tbi\ maximum the output 1 nltagc Jcq :, cxI,l:n~.nti;lll:,‘, utltil 
the klystron is switi:ht:d vff (5g 2). 

1 

0 11 

Rwrrotor cmpiitcldc 

~~ -. .-~--- ( ~-.:.._I -1 

IA0 
dq 

/’ 

G?rlvr!lti)r pt1cist: ,.’ 
_’ ./ 

0 

1 If’.; crrif>‘itii::~* 

.- I ‘I .---.---- 

0 -l_ .‘I’ . 
.,T _ 

.~ 
I’ 

,/l’ 
A- - .-. ---.___ -... .-.... -._-. _ 

i 

Fig. .7: 1 I’m +-mi cij’ ihc ~iviii~uo~~~ - p;w.ce .sI.I:‘]) 

If wc rcplxc the ptusc siri;c 1 I by a ronlinucnx phav rrmdul:ttor, 
we can try to control the ph:vx of. tlie klystrw voltage such that thr 
magpiludc of tttr refl~ctcti \nllngc rernnir:~ const.irlt. In fxt, thi\ ciln 
be done by stariing with a phase step xn.&r than I XT which yields a 
srnallcr rcflccted wItage, and then raising the phase contimxx~rly Ural 
1 W are reached (fig. 3). A!icr this, of courv, the voltage ;vill dcca~ 
as in the former case. ‘Ihc length of this flat top dcpund: ox its volt- 
age and of course the cuupling nnd Q- v~l~uc of the itoragv carit&, If 
it is madc 8s long ils the filling time, a My usahlc rectangular stqw is 
xhicvcd. 

l~rorn ttx mcrgctic vic\rpinnt, it is I~xfcr.~l~li :<I :irli:lit if wrtSlin 
decay iimP, until the rt+lxtvd roltagc equal\ the inctdvnt vlAt;qx 
Ihcn tt1: rctkrcd \‘ihj:c txu~rrlc~ rxx11:; LLTi~ after witchiq: of1 111: 
klystron, and no encrg, 15 X? in the >)‘stctn. I~wautr of thv qu;trlrotic 
dcpmd:u~~ 01 the enrr~ VCTSUS the v<At;tg:‘, timwYr, ttii\ It’*0 volt- 
;qx nct:ti not be very ax:ly :ldju\tcti 
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FiK. 4: Iz’quiwiw! circuit of. rhr uruvwm~nt 

2. ‘IIII:oBY 

‘Ihe v,xve amplitudes on a tr:tnvnis\iarl ltm of otmactcristic 
irnpcd:~ncc 2,> are defined as 

rwward wa>c: o= + ;/‘L. A 

( 

ix,/%, 

0 > 

backward \YLVC: o : ; y- - 

( 

(1) 

,I x0 
i\?, 

> 

nith Y and i voltage and current on the line. I$. 3 shows the trans- 
mission lint tcrrninatcd by the storage cavity and fed by a gcncra:or 
(klystron). Ihe characteristic impcdancc Z, is norm&ed to I, and 
the gcncrator valtagc is chosen to yield an inddcnt H’IVL’ xnplitudc of 
vn. The elements ntprcscnting the cavity an: c~~lculatcd from the 
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ccuplin~, codkirnt fl ;:nd the L, v;il;rc (7,. WC have now to c&u- 
larc voltage vc and clun-cnt i< at the cavity. lhc rcflccted wave ampli- 
tudc, bshich ii it4 11:i the coupler to the accelerating stmdure, is thcrl 
v,. -- iC (cq (1)). Without losing generality, the length of the trmsrnis- 
,i,,,: lint cnn bL SC1 icro. ‘l-hen the rolt:lg:~ Y< CN, bc Fhown tc follow 
t!x d~ff~rcnli.rl cqi~3tion (dots mcm dxivatives with recpcct to time): 

2v z 1 
x 1. 

L’< t (I i c; L’L -t Ci:< (2) 

o* 

,,;,z 
c‘$p -- v i ii+ ii: 

2 z 2 c 

2 h 2Q wl,crc x = A- a,<, 7 = _..-- .o_. - 
1 i- /r (I + PiCUD 

(3) 

‘17~ current is I= = 2’ - vC, 8 .md hcm,c the rcflectcd amplitude 

,, _ 1 (TV, .~ 
i 2c I-,) = vc - Y * C-1) 

1:q.i) shall 11”W bc solvrd for a motilll;itl*d &x!ncrator voltage. De>- 
igrutirlg the (:omplzx) ;unplitudc 1 :ilu?~ uith uppcrcasc letters, WC get 

Vi - I<, I hLi” ,-i i i 

18 T ]I:,(( I ; i jr!,o I:) ik”+) (9 

i,c F: I<:> 
I( 

I-III1 1’)‘ +- j h,)l 'c .- 01~ 1; c 
) 

J 

v and i:s d3+Gwtirc$ hX\C the iLmlC form xow WC inserf t11c cnprw- 
&11\ of ccl,(S: into the diffrenti:d equati~x~ (1). l‘o make this eqxi- 
tioll wliii tar dT,y value of jii,,,l. it mlll;t iil\~) 12,~ld tbr ttc :0m?l:x 
:rmpl~tde~. ‘1’1~ rt.\ult is 

2 I, + a 1' - ic - , ::I,> 8 (7;; + 'I j I', + & i; if,: 

I t‘r hjlii 0-m ~~.ilx\ of the c,ir,ity, I :cL>,~ i.;ui bc ri2pltxtcd ngninct i. l‘hc- 
tirther intxprctxtion of t’q.(6) depends on the variation of the volt- 
;cpe\ If T 6 ir icln\t.ir:t or van:5 only crnnc~thly (i.t.. Ia <‘<- (u,,), alit‘ 
t1,c ri:\on:!tcr dt.ifc \iill wu)’ \nlocit’lly, SO that all terms ill eq (6) 
xs itI1 i,,,, in lh: .Icn;?miri.itGr c;m hr rqlcrtcd ‘Ihis !rxis to 

n 1,’ * 
1= , ; + 7 ii , (7) 

~,hid~ I\ iilnil.il!y CYJII~\ .il~ilt t0 cq (I) in 131, 121: pi~~r:tlbc~l fi~r cnm- 
plcx :irr:pl~tud:~ I or :hc rcflt.c.trd ik:rw 1; - T’< 1; WC get the dif- 
fCrclit::l! cqll‘:tir~Il 

I’, i i i’. p y I 1’ 7 i,’ 

P \~llCK 1’ -- /I -, m; the rcilcction ciiciiicult 
(8) 

‘Ill: i-ther lin~itm~, ciiw is .i step fiuctio~i of I’8 ‘I 1% rcsi~Il:it‘~r wlt- 
zi.21’ i‘;sr,r,mrt climrg: d:\coiitinu.w>l>, ad odj it\ \l~j~c \..iiics h> 31~ 
amour.t xvl~ich can bc found hy intrgrtirlg LX{.(~). ‘Ihe change of the 
reflected voltapc is 

Al,‘, - -- <AI’ (‘1) t 
Kow WC xc in li po21tioii tu calculate the rcflccted wwefwm cum- 

plctcl:i. ‘11x i.:cncrator signal i\ shown in fig. 3 ‘l-he procc~‘i Ci!I, hc 
divide,d into the fbllnwing phaxs: 

ptu\e I: - Ic -: t d il i>(I) 7 1 ‘F” 

phr 2 (.I I. { i. [ b 
J.-p, _ 1 c~v, (1’,(f) 2: 6J,. ii 

(l(U 
phacc 3: lb <: I < ! c l’$I) = 1 ei’: 

ph:ec 4. I ‘h I c l;jl) = 0 

I’h:t~: I i< kr,rlwn from tt!v origin.J Sl .I,.l) &xit. ‘111~ rcllect< J 
voltage ii the ~o:ution of eci.(X) \vith “,a = (I, and I-kc\ in 311 cxponcn- 
t1x1 frlrlitli~ll 

yci): 1‘ -- 1, + ,‘)r J-r”j 1: (111 
until it rc,ichc\ 

y”, - [)) = I‘ -- (I + 1’) (3 ‘0 ” G !I o (12) 
I’hc 5tcp irl 1 6 t\) pllaw 2 ” I\ rdlrc-trd (q.(Y)), 50 Illa 

I,‘21 ( : 0) 1’ o (,J4, .- 1, 

I ( 
- 

= Va cxp jarctan 
sin+, 

I, 
-o + I-co&i; 11 

(13) 

where 1;) = t.’ l/y0 + 2(V c + I)(1 + COS~J 

13Jrir1g ph:15c 2, t11:: :1115atl 

J,Jt2)(l) = (,“*“) VL:“( :) -- .j 4, (i) p .i 6p 
* 

t’p’(i) = L; c’a,(rJ If’;“‘(!) c j 4i,( 1) 1,‘” (‘ ;+,cr: (141 
, 

which t&s into axwunt th,it :hv rr:;tgitilA P’,, of lh? r~,fL,i-t:.~! w*,L\ c 
shall he constant, is put inio LX:.(&), and NT gr: the fc~llowing s>st~:m 
of dif5rcnti.d cqu~lioulr: 

1“) -. j- + (I-I‘)co~l~l 
‘$J, ._ _____ .i?--.;. ..- 

T strA$b 

$4, _ 
- v. + I‘ cosAc$ :1n 

7 SlIL4yi 
where .4d = 4, - $$ 

This cqldort is intcgrntcd numoriczlly from 6, - I$, and 
A@ = arg( V,“‘( -t 0)) - 6, (eq.( 13)) until @,, = n is rwchcd at the time 
! : 1,. This is the transition to phase 3. During this phase the n.tlcct- 
cd voltage decays cxpwntially. As in phase 1, it is &on a~ a solu- 
tion of eq (Y) wth 12 y 0 I 

t”y,) = -- 1‘ .+ (I‘ , 1’ e ,UF!ii~ 
)e 

,r $1 1 
(10) 

Switching ofi the gcncratoY at [ -- tC me:1715 :1 voltage step of 
A V8 L I, which is subtracted from J’,, I ater on the voltage continues 
to dc:cay: 

y’*‘(r) = (yy ) - 1) (? ” :‘I ’ (17) 

In c onrrxy to lhr ori@l:- 1 SI IiD, the J7hd’i. of the v~>lt:lg TU,lF 
through ~alwb which dcvia?c from 0” or 160”. so that the iritc.gration 
CITY: the section 10 get the ar:til.tblc accclrrzting volt;p murt bc tionc 
vcdodly. For n cmstant p&at rtmcturc, the group velocit) 
dccrcascs 1irir::wly with the lcngtli coordmatr z (nonn:tLrrd 10 scctiorl 
length): 

VJZ) - V*<(l - &9 - $ 111 ( &) !1 ‘d (1s) 
7: is tlic fillmg tim: of‘ the s:.rtic>il. ‘lhc slolx~ i: i\ chox71 iiii~ll that 
the dccrc;,w of jpup \clocity es.tct1> <:mnpL’““.itc~ for the IO’S, so 
that the anrphtude of the trar cllitig u’;Iw ii ccxM,int wcr the srrtion, 
and there is cwly ii ret.ird;~ti<>ri bctwccn the tXii at di!Ervnt p&t? 011 
the iwtioti: 

I:(z,I) I:‘(O. I - l,,‘J L L (I, I - ( i,$j‘, 
(19) 

- 1.’ (,“, [ 7, !;;~,\--yJ~$ 

‘I‘hc ncL:lvr.itinp 1nlt:~p: .I> ,j fim(-ii(,:1 i;f tiiil.: i’i tlim 
I / 

L’,,(‘, = JS(L r)& = JlV(i - 7, *;;‘! & (20) 

r, 8) 

‘11x magnitude of 1 licil(l!\ &un cq.(?O) is the available accelerating 
VOlt~lg~, divided 174 its value if the wction would bc frd hy ;I o.xi~t;ilit 
wave of wit amplitude. 
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Fig. 5: Rciakv~rliip between phuc andfrequewy rnoduiarion 
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There is E little trick to further improve the efficiency. As it:itcd 
above, there is a residual phase modulation in the sign:$ c. g. as 
shown in fig. 5 This phase modulated voltage with the angulrti fre- 
quency iou can also he regarded as a voltage \+ith a diftercnt frrqucncy 
co, and 8 different phase modulation d,(l): 

C’e 
i”o(“e%‘= l,c i+,(C P t 

e I where b,(r);&,(r)-(w- co,) I, 
.  ”  

(21) 

I’hus we czm operate the klystron with a lower frcqucncy thu the 
acrclcratirlg ‘itructurz. :md Ict a put of the rt.ridual ph.lse rr.oJ~ilntio~~ 
C;KC fbr thC frZ.lUerlcy shift. As sho~vn in tis. 3, the phase de\rinti(mh 
from 0” Can be made smaller. and the voltapo add more cflicientl~. 
‘1’0 calcul~ttc PiiL, t!w i:ltcgand in cq(21)) mu?t tv rcplx:d by 
l’,(t’) exp( - j ((0, -. w,)f) where r’ = f -- Ta In( 1 - g [)!ln( 1 -g), 
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3. I’ERI’OR>lA&C‘E: 

Some numerical rc\utts hasrd on the paramvttv of th: 1.11’S c:iii- 
ties of the CERN I IL injector shzll bc ~ivt:l:, The Q of the storage 
cavities is 2OOtlO0, coupling B : 13.4, the fill&g time of the xcrl~rat- 
ing structure is 1.2 us, and g = 0.8126. The ‘lmplituds of 111~ in& 
dent wave from the klystron is taken ;ih WIG. It 1s ywtchcd fin at 
I = - re with zero phas:. I+orn t= 0 tc: t:-- I, iIs phase is ch.u~& 

accor.Iing 10 “1 (I S), w itxlt ttx rcik<tsd x’r,i: :’ i’, wnstnnt in uripl~- 
tude. l+orn I- 1, until switct:--off at v- I& the ih:w is 1HU‘. ‘1 hi5 :\ 

shown a\ the solid lme in th:: to;> di:tgram of fig 6 The ch;ugi:>p, 
timr has hccn clmscn xc t*: cyr, and the di~.htrgi”p time as 

fe = 1 ?&fS, equd to the acccler&:g section filling time ‘ilie ri+lccted 

arnphtude frcxn ttw cavit> 1s 5hov.v in tllc middle Jiagr.mr. I‘p ts 
I = li the voltage GUI hc held constut, aftcxardr thrre is an cxponcn- 
tial decay. Ckiously the flat top can he made the 1ong.x ttx lower 
this wltag: le~cl is chow>. The broken lint in the upper diagrtiiin 
shows the phase of the pulse. During dech.arging, it dcbiates several 
lo” from zero. The lowr diagram shows the xc&rating volta~c 
across the strwturc, i.c. the momcntrvy vohagc multiplication f:jctor. 
There is a flat maximum at about 1.55. The hrokcn cumc show:, the 
aGlnble valt:1g’: if a higher frcqucncy i5 chwn for accclcration, ;ir 
described in Chapter 3. A maximum vo1tagL’ of 1.h ii reached. \\‘ith 
the phase switched, thr maximum volt.*gc is 1.6 BC well, but it is 
reached earlier in time. Fig. 7 sho ws the field distribution in 111: 
xc&rating structure at dif%rcrlt times. 

In Eg. 8, iin~i.ly, il lower flat top wlt+y is chosen (l.h), hipirlg 
the output pul\u nearly rertangular ‘11x xrelxali:lg roltagv i, !,y 0.1 
lower than for V,,, hut v,ith thr higher operating frcqlulr y the \,,Juc 
of 1 .6 is renchrd :igair:. 

It can bc stated that the continuous phast modulation schcmc 
does not enhancz the av.&ible xcrteratian energy It c:~uws, h<lwcvcr, 
a mom continuous distribution of the energy cncr t!x accelerating 
structure, which rcsernhlz more a true “conit:mt &Trad:rnt-. 

lzurther investigations have ~hwwn, that ncithcr the vuluc of the 
couplm~ coefficient nor the exxt conir::t of the gcncrattrr ;&;~v ;irc 
vzry critical for thr circuit hchnviocr. 
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