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Digital Calculation of Synchrotron Oscillations 
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A:r. outline of the R.F. system is shown in f'igure 
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(1). 

Ten R.F. cavities are situated symmetrically a.s sho\m
7 

the electror ... o:--::.:..:c 

passing through the centre of each. 

Each cavity is coru.~.ected by a stub 9f 'ri.:..v.J guid-e to· the \7aveguic..e· ring_ .• Th_e 

electrical length of the stub is G waveleng;;ns. Coupling irises A and B co-..:.:.:>le 

power between ;;he stub and the cavity a."ld between stub and waveguide ri."lg. 

If' the R.F. }:..t..:L·l!lonic number = .h = 300_, the ¢i.istances in orbit beti':ear.. 

succ·essive cavities will be 30 wavelengths.· lhe cavities should tnerefo:::-;:> -c<e .in 

phase wi:Ch each other. The electrical length. of' the section of ·.n:.vegt:.id.e ri..."1g 

between cavi; 3s should therefore ba an even number of waveleng·tr.z 

f>~ = n (2 TT ) when n is an integeli. 

The input power is fed ilito the system through a coupling iris C ir. a. toe 

junction placed. sy;nmetr~cally between cavities l and lO if n is even, or sl;c:·-~::.y 

offse" .;, .i.s.. o .' .:.. 

. ·"llowir,-: ... :r~.S.Y. Reports A 2.65, A.217: 3,1d A 2.75 a progro.s::;o :'or a. 

digit<-.;. compute:::- (l.:ercury Autocode) has be<;m -~ed to find the v:::O~o.;;eo =:o:.~o;.;~_c 

through9ut the sys-cem, f.or variations i:-a cavity misni3.tch) .;~ couplir..g ho:.:.s ;..1 :) ~~ 

frequency vario.tio:'l and electrical length G. 
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•• Methods of Ca.: culation 

7:-.is will 
,... "' ':> C"Y'ti . il' ·, ~- '""" r~-~ ' '" ~· 'P - C ' c··'•-irr,o ~ ... , ~ • e.s 11 ..1.. ... e ... ~;> .. o..:.e ...... c .... ..-s .s .... iJ. ...... .., ....... .u .. .. c .... r !,A..J,.. .... .;). 

be a seed model provided no o'Vher rason~~~es of the cavities are CLose ~o -the 408 

);;,~/;;. R,F. froq'\lenoy, and .there ar& no resonances close to the ~linac. frequency 

of 7 x 408 Mc/S. 
The design of -the cavities will have to take account of these 

instances. 

I 

I 
' 'I 
I 

t 

The power input to the system will be fed to the ring via a waveguide isolator

The impedance lookj.ng back along the input waveguide will equal that of -;;)-,e wave- ~ 
guid.e,: ana. in a:n:y ·voltage cur-t"ent representation .. · · ' .... f 
'Vhe R.F. drive may be represented as either a constant current generator shunted 

by the waveguide impedance,: or a constant voltage generator in series wi-th the 

waveguid& imped.ance (see append.ix (a)), 

There are two method.s open to us by which we may calculate the phase and 

energy deviations during synchrotron oscillat_icn . 

(a) · Runge-Kutta: solution of the differential eauations of motion, ass-..;:::.ir.g 

continuous interaction with an R.F. travelling wave . 

(b) Step by_step calculation, calculating. the voltage in each cavity eac~ 

time an·electron passes through. 
F:-om a mOwledge oi'" the accele:-a-cior. I 

received and. the magnet para:r.et.ers a 'ti::le may be calculateC. when i't will 

pass through the next c&vity. 

Due to the per;i.od of the synchrotron ·oscillations the time' in-tervals nee<icd 

for the Rur.ge-Kutta; solution will ·oe of the same order as the time of flight. 

bet.ween cavities • 
In view of -this,methoC. ('o) will be adopted. being a wuch wore 

realistic model of the actual system, 

Apnroxima-tions 
For one turn 

To each R.F. cycle 7 bunches of electrons vrill be injected • 
• 

injection and 'R.F, harmonic nur..ber of 300, 2100 bunches will be injecteO.. 
:O:ach 

·ounch will have a very small phase spread which may be ignored, but its ar.ergy 

s'pread. will be quite a large part of the total allowed energy deviation:. 

During oscillation this anergy spread will become a phase spread and the bunches 

will fairly ~uickly become a continuum losing their separate identitY~ It is 

evidently impossible to calculate the dynamics of io12 
electrons separately, so 

some ap?roxi::lation must be used. 

1st ~uuroxin~tion 
2lCO 
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- 'C-"" j 
The complete ring system is used wi 'th 10 cavities, 

The O.y:-.~o.:liC s ;:;;."' 

particles a!"e calculated._ 
Each particle having the charge anC. :;;ass o:' :.:. u .... ~o;.; .... v .: 
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bunch concentrated to a point in phase space. To simulate the energy spread 

each 7th particle is injected with identical pgas\e with respect to the O.riving. 

source, but witn di~~erent energies. For the 2100 particles there will be 7 

di~~erent phase angles at injection, ~or each phase angle 300 di~~erent energies. 

After injection 2100 values o~ both phase and energy will have to be ~ollowe<i.• 

• t 

t 
This calculation would be very long so· a 2nd approximation will be considered • .f 

2nd approximation 
( 

The voltages in each cavity are assumed not tb be very di~~erent in 

. amplitude and phase from one another (this will be checke<i. in all calculations) 

so that the mean voltage and phase around· the ring may be calculated and assumed 

to be present at each cavity •. 

•' The 210 :particles in ~light between cavities_ 2 and 3 are assumed to be 

~. identical in phase and energy with t·he 210 particles in ~light between oc.vities 

'. 

l and 2, 4 and 5, etc. 

The method used in allocating phase and energy at ~~jec.tion will ba similar 

- to that o~ the i'irst approximation. 

The time taken t:or calculation will be appr~~imately J,/lOth that o~ tl".e 
'-

~irst approximation. 

3rd approximacion 

This will be used' for quick calculations to see whether it is worth oalcul-

ating by the ocher two approximations. 

D.E.S.Y. in their analogue study. 

It corresponds to the moC.el used ·oy 

7 particles are considered, so computing times are approximately l/30th 

o~ the times o~ our 2nd approximation. ·-~~,:~ 

·-

The model is a single cavity model such as our 2nd approximation; ·._ Tha 
• 

_dynamics o~ the ~irst 7 particles entering the cavity are caloulate<i.. 203 

particles will i'ollcm these through the cavity bei'ore the i'irst 7 particles 

re-enter. ·These 203 particles in groups o~ 7 are considered to be identical 

in phase and energy with the ~irst 7, i.e. particle 1 is identical with particle 

8, 15, 22, 29, etc. 

If the eleccron bunches had ~egligible ene~gy- spread this ·approximation 

~tould be ~uite a good one t:or the :first fe~t orbits, but in use its lilaitatior.s 

must be remembered. . ·:-'' 
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.. (··p-;.~r,r:·.:~~:;~,r, for- ~nd npnroximation 

Ir:.trvd: .. .:.:tion 

At this moment the_ programme :for the ring system is 'just being tested in 

' :>or;;~·=, a's it was previously in Mercury Autocode, and is not yet incorporated 

in the beam loading calculations. 

. The model is a single cavity· :fed :from a matched waveguide source. Tha 
• 

actual ring system source can be 'programmed with practicaJ.ly .no alteration. 

The cavhy is represented by :figure (2) •. 

R is given by a parallel combination o:f.the cavity sh~~t resistance and 

the generator shunt resistance. 

Ig represents the driving current and Ib the beam current. Ig is 

sinusoidal vtave:form at w =·408 Mc/s.· Ibis a succession o:f delta !'unctions 

corresponding to the circulating current. 

Response o:f parallel resonant circuit to tra'n· of delta functions 

If X(t)_ is the value o:f the parameter X as a :f\inction o:f t, then X(p) is 

the Laplaca Transform-of the parameter X. 

v(p) = .LC:2l Y{P)., 

1 l c ( 2 p 1 ) 
Y(p) = pc + R + pL = p P + RC + LC 

1 v (p) = l.C.:cl • .J?. ' c (p +-a + jw:J(p + a - jw ) 
0 0 

Where l 
a = 2l<C 

·i 

2 l 2 
wo. = Lc- a 

Response to a delta function of magnitude Io 

= V(p) 
p ,l 

= Io•c (p + a + jw ) (p + a - jw ) 
0 0 

-,(t) = Io 
c 

((- a - jw) 
( -?iw 

0 

a(-~~ jwo)t + C-a + jwo) 

~jw o 

(-a + jw )t ) 
e . o ) 

I I - ~ a -jw t a. jw t] ... 0\ .L a o -.. a o 
--= 0 ( 2jw 

1 
+2 

r 6-jwot + ajwo t J ~ a 
'- ' ' .. 

' 0 
,. 

Io (cos w t - a sin w t ) a -at 
=c-c o -w o) 

0 

Io e =c-
at [l + <: )2] 1 

0 

cos (vr
0

t - ~) 

I a 
Wnen tan <(' - 1'/C 

V(t)=Ae -at 
cos (w t -~) 

0 

I, . 1"- )21 .1. 
Io 2 

vrr.ore A= c ~~ T 'W 
L o 

1.._' 

at 

I, ) 
\"'-

(2) 

(.3) 

(4) 

I-' ' \~i 
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c For ease ·of calculation later let us expand this into a complex axpression, 

'the real part of this complex 

v;(t) ; A a- at ,a j(wot -{>) 

expression being identical to A e-at cos(w0t-~}. 

We ahoulci. now oheok thi& e:x:praa~ion i.."l e. ~i:Dp~e oaoe. Sup:pon0 da~t"' 

functions o:f current are incident on the circuit at :fraqull,ncy :f, value w ; 2 rr :f. 
0• 

Io baing given by the identity Ib =: :. · Io. f • 

( "") - at Now V t- ( = Aa 
j(wot - q) a't"' a • e - jwo 7:' e . (12) 

= v(t) a( q._ jwo)'l:' 
' 

(13) 

After N delta :fUnctions (where N is vary large) 

V(t) _A- at j(w0t-h) ~- ·.· (a -jw )·L (a -jw0 ) ~ (a -jw )(N'-\1.) - a e Y . .l + a o J.l. we- e I •• + e o L:> 

. N . • 
+ e(a -jwo)f ~ (14) 

A - at j(w t -~) 
a N a(N-1) a·/:f . -) I -

= a a o ~ ". . i':.':::. • e ~-- ••• + e . .,. '"') (15) 

If we taka a new time zero from the moment that_ the Nth delta fu.~ctio~ is 

incident. 
> 

t =t N --"'· 
·v(t') =A 6 - at' 

aN 
~e i' = 

• 

aN 
e- f 

a (N-1) 
a - i' 

6
j(vr t' - o' 1 . N 0 , & JW f. o_ 

a.;t ) 
• • • • e. + 1) ·.··r'· 

.• 
aj(v;ot' :..f) ( -a;.,. · -(N-1~ - 'i~ \ 

) l -t- e - ••• e . 1t: +. e_;_ .. ~,-. < . =A G- at' 
~ :~·<:) 

- at• j(w t' - ~ ) A e - at' j(wt•-~) 
A e e o e o 

= = 
1 - a/i' - e 

. ( a ·1 - 1 -,i' ) 

·r, 
- at' j (w t • - ~ ) =Ae e 1 o . if_ 

For a high 

, a )2 , 1.- ana. 
wo 

than V(t) Io =c 
Ib 

= :;-"• ... 

Ib 
- Ca 

a 

Q circuit we may ignore 

~ ·. 

at• aj vrot' -a 

l g - . C a 

at• e __ jwot' a 

(-a + jvr )t' a o · 

Ib W
0
R 

Q 

• .?.Q a (- t. + jw )~• 0 • 

whera 

=--
wo 

= 2 Ib R·e(-a. + jvr )t' 0 

wo 
a = 2Q 

_g_ 
c =w R 

• 0 
• t:;_ 
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Go 

Go 

b 

Es 

DEs 

~lle· input da.ta is a.s follows:-· 

Loa.ded Q of cavity 

'. 
Meallure o~' detuning...!:>I' cavity wllere tan 

. ..... ... 

Mean circulating D.C.' current 

Shunt conductance of generator source 

·t svr 
=·2QL W 

. --·· --·-· -- --.-. ---· ··-·- ·-· ----.··· 
Shunt conductance of cavity 

.Angular phase of R.F. voltage at time of injection of first 

particle 

Synchr~ energy at ·injection 

Synchronons energy increase for each cavity transit 

Ig. 

E~silon 

Peak generator current 

Y~imum allowed energy deviation 

'P Gap factor of caYity, i.e. allowance made for transit 1;ime 

across the caYity1 and non ideal electric field distribution 

at centre line of cavity 

The energy spread at injection will also feed in as input data. 

First the parameters which will be needed· in the calculation are set U?, 

for example cavity rise - decay·times, initial times of entry of particles anc 
• 

their anergies, .• 
f 

w 

a 

sw 

wo 

cl' 

c 

-·A 

T(l) 

Vo 

T(i) 

DE(i) 

ES 

= 1.;.. 078816 .lo8 

21i !' 

= \1 I 2QL 

w 
= 2QL tan :·-{' 

= w- sw .. 

= orbit compac~ion 
OL ..... 
w 

~ 
factor = 0.0453 

= (Go +Go) 

_ Ib 
- 7 c ~ 

··, 1 a)2)' 
( 1 + \ wo )2 

= 

= 

= 

= 

= 

time of· injection of first particle = 'ijw 

time intervals between successiYe particles at injection 

l/7 ~· 
Ig cos ..), 

G.; + G •' .• 0 c . 

. . 

T (i - l) + '"t" for i = 2(1) 210 

to be set up for i = 1(1) 210 · 

set to ES at injection 
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('. 
?~~~~ote~s fo~ this osicui~~io~ ~ro p~i~~o~ vut a~d control is ;~ssed to a 

s;;.'o p::-osra=.-ae where the oo.loulo.tion p1·opor is oo.rried out. The· values of the 
•. -~ ,:·-·-:-

cons,;ant parameters are transferred to the sub programme along wit.'l the initial 

' ' values of T and DE for the 210 particles,· 

·First a constant is set up for each·particle EX(i) = 1,0 i = 1(1) 210. 

Various expressions contain this ·constant,. and if a particle has too large an 
• 

energy deviation such as it would strike the walls of the vacuum vessel and be 

lpst, the EX value for this particle is set to zaro so. that its effects ar~ no 

longer felt by the system. At the instant this occurs ·in the calculation a 

record will be printed out to the.effect that the particle is lost. 

Basis of calculation o~ effect of beam current 

The total voltage in the cavity is the vector sum of the drive voltage 

at angular I'reouency w, and the voltage induced by the electron bunches passing 

through -the 'cavity •. , 

V=V 
0 

.,,, 

9 jwt -V(t) 
( 

The minus sign is used since we shall take positiezfs voltages 

~ accelerating voltages. 

At t = 0 the voltage is that induced by the drive currant. 

. At T(l) the first particle enters. The voltage induced by the 'oeam 

. ) Ib 
V(l = C7j ~ ·1 + c,; ) z ~i- = ;. 

0 

For T(i) i = 2(1) '210 · ~ 

·•· vf.i·' -·v -.aT · J·wom 
" J - (' • ,e ·a· ~ . ~-~; ~ (A :x: EX(i)) 

'DE(i) = (V ejvrt(i.) - V(i) - DES + DE(i)) EX(i) 
0 

here T =time interval between-transit.of-ith and (i-l)th particle, and the 

DE(i) in the R.H.S. of the DE(i) _equation represents the previous value of DE(i). 

' 30 (2 71) c< DE(i) 
E w .;. T(i) T.(i) = 

s 

In the T(i) equation above T is raset to zero after the time that woulO. 

be taken for a synchronons particle to pass between cavities. DE(l) an<i. T(l) 

are reset i.'1 a similar fashion·. 

If /DE(i)//E exceeds epsilo~EX(i) is s~• to zero and the ith particle s 

no longer has any effect in the calculation. A print out occurs r..a:1ir~ the 

particle th~t is lost~ 

E is =aset to E + DES. s s 

The time interval between 2nd transit of the lst particle a.'1<i. -tr.a lst 

transit of the 210th particle is calculo.ted. From thi~ we get v(:) as~in so 
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·. ........... ,_ -.............. ..,_ 
tho ZlO bunoho~ nnd oo on. 

X0~v that tho 210 pnrtioles hava ~raversed. the cavity for the first time 

the voltage included by the beam is calculated. 
'· The reflection ·:·facto:a ·at the 

. input is also calculated. 

Vb " V(210) 
\j' 

Vb is also _printed out in normalized ~orm, heir~ ·normaiized to its·maximum 

possible value o~ 

/Vb/ ";VG-1 _(G-o + :G-c) 
v 2' Ib 

The total admittance is calculated a.s J£ "Y; 
. vC 

The inuut admittance as .::B:VI - G-c " Y~ - c 

The rer'.lection coe~~icient ·a;; Go - Yin 
Go +Yin 

__ ;. ;. 

•"\' 
-· ... :.;; .. ~~: .. ? 

The calculation is returned to· t=O with V(l) set and the process i.s 

repeated untif a set number of orbits is completed. 
.. --· :· 

A suitable distribution of input energies may be obtained ·:as ~ollows:-

DE(i) " (sign o~ Sin i) X (sin(i) - 1). x ES x DESl 

where i = l~l) .210. ' 

DESl = maximum energy spread at injection as percentage o~ ES. 

The distribution should be rando;;: in time but should give a grentar 

: concentration near low anergy deviations. 
• 
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.(" .. 
•·. The basin for this programme is slightly different from the previous case. 

The basic calculations are dbne in terms of currents not voltages; in 

terms of an R.:E\ sinusoidal beam current. not delta functions, and in a· 

stationary vector form.· 

The drive current Ig varies as exp (jwt) and instead of cal~pla.ting the 
. ·._ .. --·:~. ' 

exponential as in the previous case all time varying expressions will. have the 
·.-.,:,.. 

exp (jwt) ~·emoved, as though a rotating co-ordinate system was used. 

The effect of the induced beam voltage will be produced by a ficticious''> 

current which would give rise to that voltage. 

210 particles are injected. The cavity voltage is assumed consoant while 

the 210 particles pass through. The cavity voltage is no\7 calcula.oed. and. 

remains constant while the 210 particles pass through again, .a."ld so on • 

This allo1vs the 210 particles to be considered as 30 groups of 7 particles. 

The (N.+ i)th particle 'having identical energy and phase to the (M T i)"h 

particle where N = 0(7) 203 

M = 0(7) 203 ·. 

:l. = 1(1) 7 

·hence only the energy and phase of the first 7 particles reed be ca.:culat0C.. 

Particles"l, 8, 15, 22 etc. will be inciden'C on the cavi'Cy at ar . .;...:::..a::-

frequency w. These may be represented as an R.F. cur::-ent of ma.gnioude 1~G 

with phase as given by particle l and at frequency w. Similarly. with particles 

2,· 9 •• etc:,. 3, 10 ••• etc.· 

The contributions from these 7 groups are added vectionally and will give 
~ 

a resultan'C current at frequency w.when oscillation has commenced. 

The voltage in the cavity will l;lowever only build up according to the Q 
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. • .. For convenience a. ficticious current is calculated factor of the cavity. I 

t 

·\ 

which would ~~ediately give rise to the correct voltage. 

.. , . ~u sino> z--su:t':f':bres-f.or--IG-i-,.e-;-I+{m-;n.)-'ui-th--suf.:;:~ix-m~-1-rapre so::~::~ 

curren~ transit of 210 particle, m = 2 representing ~.u.;;ent··i:".:er 
--- ,. .. 

tra."ls it of 210 paTtie le. -"' -~ · ----....... . " 
n = l representing . ..:alue~"Ca-l~~ed.'.!'or .. pha.s&" c:f bunches 

t 

----n = 2 re~reser.ting value whic ... ~_:wou1d'i;-iv.,t._:ise to correct voltage ::.;')s.:o.ntc..."'c~c.:sly 

Then IG (2,2) = Ib(l,2) .'+' .·Ib(2,l) - Ib(l~)"'·-...(1-e-·a() 
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. -is ~he· decay {or rise) f'actor o:"' the cavity .... and ~ is the t ir:c. .. ..... ..... 
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('. 'Thi"S-val1le-lb(.2.,_?) is added vectorically f;q.,Ig~e-'g~;:;~~ator drive cu=snt. 
. --.... ---........... ~-~-.:~1··-'"''' .... ..,.-·'"'"" ~.r..v. •. 

. to give Ic the tota~£_?,y.ity-.. cuxrent from·-·-wh:l,.c2 Vc the cavity voltage is cal-
• • ________ ... - , --.. -... ____ .... _, t 

_:_c.uJ:at'e~o ording-.to--shunt--ra sistanc e-and-·--detuni.t..g-,.af. .. tb..e···clav±ty~---
. - .... ~·;:-- --~ 

' The phase angles of each group of particles is calculated, hence the·_· 

anergy increment at each transit and time of a.-rival for the next ·ora.nsit.· 

,. The anergy and phase of the ·7 particles, together with the effectiv'e beam 
• 

current, the cavity voltage, and reflection coefficient of the cavity are 
/ 

printed out after each transit. A mechanism similar to that used in tha.2nd 
., 

approximatior., exists for·aliminating ·particles· with too great an ar.,orgy 
.. 
deviation. 
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. AP?t:r·iDil. (a) 

Microwave Ioroedance and uso of an isolator . ,. 

In wavegllide ·and cavity structures the oonc~;t-of impe.dance is difi'~rent from I 
that of lower frequencies, 

At lfw frequencies where voltage and current along wires can be 
I 

impedance! is defined by • 

Zl = v where V is given in volts 
r 

I II " " amps 

z II II II 

measured 

o!'mS 

In a.lwa.vaguide or cavity the current ~low is· in a sheet of metal a.'1C. ·varies 

io poo<t+ <md dirootion. O>o vo.lU.o bm,oon ' ohooto o£ ""'' io givon Oy '"' 

strength olf the E field between the points in question, and the dis-;;ance <:>etween 

tbom .:.::!:::'impodaooo in wovog<idoo ond oovitioo· "" troo opooo io Oofinod by 

Z 1
1 

Z,.. = £: x constant 
ey 

_.- vther .. the wave is propagating in the z direction, the ... constant varying accord.i::1g to 
. I . 

. oonve:1ienor Per instance :j.n free space 

. Z 9 g = E~ = fot:; in lil.K.s •. units 
.. Hy £ !o 

For modes in waveguide·~ wave impedances are defined, one for H modes and one for· 

E modes 

zh = ~ ~ 
1\o 

ze = f _?..!? 
?.'] 

being the r~tio ~c 
' -ey 

or - gy_ 
Hx 

throughout too »aveguida. 
·' . 

.Ar.y definit:i!on of impedapce in a waveguide is made to satisfy 2 requirements. If( . 
P = UJ (EAH). dn, ds 

and J? = v2 

~z 

where P is the power flow 

V = V(E) can be chosen to suit the problem in ~nd, 

·In rectangular waveguide supporting the·H
01 

mode the usual definition ::.s 

given by 

V = E b 
0 where b is the height of the waveguide. 
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If the load is mismatched to the waveguide then power reflected by the 

.I 

f ·.f.: 

loa~ : l 
is absorbed by the isolator, " '· l 
With_ the equ:Nalent oirouit of figure (5) but with a. generalized impedance Z ' : t 

-.. t and reflection coefficient P: 

Power in load = Ig'l( __B__( 2 
( Z+R J'l 

.z 

.,_. 

~' 

. . . . 

for,R = Z the matched COl)ci:Ltion, 
IS · ... -. . . 

this,.reduced to :- ... 

2 
P- . = I R 

J.o ...Jr_ 
4 

=P 
0 

?or the general case 

P • ... .,4po(z 
R.:.,. 
+ i_i)2 

' ... . .. . 
. . ·:· .. , ' ' .. ': 

·.:~·-,. 
J ~ • ·'· •·. 

x:'tr ~ 2 ·:~ :_ -
= 4 Po ---~ +.1) -

, R 

..::.-·:.~-
. -~- :: .. 

._, _;, ..... ::.::-: 
.-. __ , 

. ·' .. 
f: 

' ,. 

. '!::;J/~:-\ . 
. "\\. . I ,, 

/ I ·":-. . : ·-· 
. 

.. 

·!.•·, '. ,. 

·-,-./ 
~-.. 

'" . 

: .. 

Now z 
R 

= l + 'p 
1- p 

.. · 0ht.N. ? •s . i:h-c. -r<.{-lec.&,-_ c.o-<[f~-
· .. ·. 

l + p 
?2 = :q. Po f-:p 

e+ p -
p + 1)2 

= 4- Po 
(1 + 
(1 .. 

.. 4 P
0 

(1 
4 

.. 

J. 

P2) = p 
0 

(1 P2) 

For the ws.va. :formalism _w_a get at once 

Power i~ load= P1 _ 

" n generator 

Power in isolator 
. .. 

.. P
0 

(l 

"PG- = 

= pi = 

?· 
0 

p 
0 

P2) 

p2 

·-. 
....... 

·-:~ .. / 
.-._; .. ;.-.-· 

~ -:::·:-

·--~-: : . ..::~· . 5 ·: 
' .. ~ . 

.·,,; .' 

'' 
. 

.. 

,· 

.. 

'':::·'c_ ':r~;;} 

The oorraot conditions at the load will ba obtained using the ·~odel o:f a 
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~u~zoent generator shunte.d by the waveguide- impedance. 
l· 

' 
. I 
•I ... 

- . ·,::._, .. ·' -~ - .. ___ ,_ ·:s. . . ·~:). 
The oondi tons at tha gemirator ·are however different --th~·:;.powar out:;Ju-:; ~eing 

i~ '':: -;o', : :oonstant; . The 

·~ .. ·': _: __ , .. ·- : -

' ,. 
·' .··· 

' II ,, :. 

._; ·: 

i'. , __ I -I 

PL =. . (I 
. g 

!., 

:::.o:.! 2R 
g .. 

.... ? ( 
- 0 

equivalent circuit rep;:oeser.tation would 

z ._ ./ 'ii·:_:·, _ . _i:·, ,.,: _,-
Z +A . '. ·( 

. :·.· ~~-

4- ( z ~ ,.R) 2 ';:\-~ • .. 
! ; '; 

z ·:· .~ 

. !·I, 
;::: : -; •' 
.\ ' 

·,. -~· . ..:;~ . 

'· R 2 _·' l+P 
-)- ... (-. ~ z ·, ~ - ~ . 

- + l- •·. .. 4- p 1 -. - ) ·' R . . . 0 T P~ v· ·J.: ., ~ 
·- .... --~ l - p .,• = 

· ... -.· \ ;]. _· ... 

I 

·-·;·._. 

which is iiloorraot. . ·- . :.. . . . -.~·. ,·· .'. 
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' . 
E ~ 
y 

E 
0 

sin ( TT x) 
a. 

H 
X - -j Eo f-r: ··) - z:- sin~ 

n a. 

P ~ jf (EA H). dn.ds "' 

2 
;; E ab 

0 

2z . 
h 

(E 
2 

ab) 
0 

2Z. 
n 

~ 

Z ~ 2Z. b na. 

E 2 2 
0 b 
z 

"' 2 ~ 

0 

z. 
n. 

JJ 
o.o 

si:l2 
( Tr x) 

a. 
ds. db 

• 

This definition is useilll in calculating the misillatch due to change in height 

o£ the waveguide. 

The shunt impedance of a ,caVity is siLlilarly defined in ari -~rbitrary v:ay) 

by defining V as E.d.l at tl:e centra line o:"' an E blO resonato_r~ . ..,,~ shunt ilr!:;J~d..a.::~e 

is obtained which when a current of charged. pa~ticle is shot along the centra li:::.a ,9 

giveS the correct voltage value. 

When cot' .... "'lecting a waveguide to a ca. vi ty -cb.e ir:1ped.ance ~ "". ., a.erJ.neo. ,s.,:)ove ara o:" -:-....... ~;:: 
..:> • """ ., 1 ~, r:"'' .... • ' ., • • ., • ., . order a.~. 350 - 400 ...... ana. 5 - 0 ~\~ !2.. J.ne coup.l.ll'!g tlO..Le ~s cons::.c.ere·c. i;O ac-;; as an 

i"deal transforzuer with the appropriate turns ratio .. 

• 
··Throughout discussions in ti'....is report the waveguide iz.peda."'lce :ne::tioneC. v.'ill 

be considere4 to be that seen through tne co~plir~ transrormer • . ' 
·I'~ r 

With reference to figure (3), ~or a matcheQ cavity 

n~ 
' 6 10° 
~ 
4 10 

"' 1.5 104 1.225 102 

figure (2) is a."l. aq\).ivalerlt circuit o~ th:is \'lith the generator impedance rr.ul-:i:?liad 

by 1.5 X 104 • 

Use of Isolator 

Let us first consider the case of a generator isolator - load co::b:!.natio::» 

with a. matcheC. load. and with a mis~atched load.. See ::f'ig1.1ra (4) 

Generator C.elivars uov:er P whatever the load cond.i'tion becausa • 0 alv;nys 

looks into a r:1a:tched waveguide. 

I~ the lo~~ is ~atched to the waveguide tiler~ is. r.o reflectio:-. 
¥' 

";::Q"•":>"" ::. 
- """'- - 0 

co~ ..... 

-~ ~olivered to ~he loud. The e~fect o~ the isola~o= is ·r~l. TCe e ~:.:.i -,.::.::._0 ::.:: 

ci~c~it is as ~ig~re (5) 
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. . 
.. 

..... roowar :i.n generator resista."'"lce = P 
0 

If the load is mismatched to the waveguide then power reflected. by the load. 

is absorbed by the isolator. 

With the equivalent circuit or."" r.""igure (5) ~'.lt with a. generalized. i::.p.s:dar:ce z 
and reflection coefficient p· 

Powar in load = ri~ ....B._)2 
Z-rR )2 

z 
<S 

for,R = Z the matched COJfd.:ition, this reduced to 
" 2 , 

= I R =P •t 
-1l_ 0 

4 

For the genaral case 

P1 = 4 P
0 

R~~-
(z + R)2 

' 

= 4 p . 
0 . 

z 
R 

~ + 1)2 
R 

Now z = 1 . . 'D . t' 0.{ ' . - T.;. \.v'h~~ ? i..S n~ ""K.' .!GC".(.OV\-B. 1 - J? 
1 + p 

p2 = 4 P
0 

l- p = 4? (1 + ?)(1-?)2 

c£ ~ ; ... 1)
2 c 

(1 + ?-r 1-P) 

= 4 P
0 

(1 - ?2) =? (1 :- ?2) 
4 0 

. 
For the wave I'orma1ism we gat at or.oe 

2 Power in load = P
1 ., p (1 - ? ) 

0 

" II .generator "'PG=Po 
.• 

?2 Power in isolator = p·. = p 
J. 0 

• 

f:D ~ c. 0~ Q,(,. 

~···-F 

Tne cor=act conditions at the load will ~e o~~air.ed using the modal of a 

constant cu=reri.t generator shllnte~d. by t~e waveguide iJ:Jpeda:nce. ' • 

The cond.itons at the generator ara however dii'f'erent the ·power output ~eir.g 
constant. The equivalent circuit 

2 
PL = (I 

6 
z ) R 

z +1f" 

=.~r 2
R 

E. 
4 

2 
4 ( z ) 

z + R 

z 

= 4 ? ( i'i )2 
. 7 

0 ii + 1 = 

which is incc:::-ect. 

l;.P 

representation would give 
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' - .~ ) ( '--.;. ? + •1 
~ = (1 + ?)2 p 
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i . . \. .< • Power in generator resistance = P
0 ' . 
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If the load is mismatched to the waveguide then power reflected by the load 

is absorbed by the isolator; 

With. the e'l.uivalent circuit of figure (5) but with a generalized impedance z 
and reflection coefficient p· 

ric .JL)
2 

( Z+R ) 2 
Power in_, load = ,Z 

tS 
for, R = Z the matched co:z:d.ition, this reduced to 

1\ . . . 

P1 -=I
2
R =P 

-E._ 0 

4 

?or the general case 

PL = .4 Po (z R
.:; 
.z 

+ R)2 

.. 
;_ ,._ 

z 
'R .· 

= 4- p 0 (f + 1) ~ ··: 
.. R 

'l ~ . 

·, ___ 

. 

Now z = 1 + p 
R 1- p 

W'ht.T<. ? ..:S th'C. "r<.f-led; .. -_ c.o~f-1<:~ 

p2 = 

= 4 p 
0 

1 + p 
4 P

0 
·1- p 

t1 + p . 1)2 
~l - p 1" ,. 

= 

(1 - P2) 
4 

= P (1 - P
2

) 0 . 

4 P
0 

For the y;ave 1'ormalism we get at once 

Power in load= PL ~ P
0 

(1 - P2)· 

" " .generator .. P,=P· 
... c 

Power in isolator ., =Pi= Pc P2 

(1 -r P) (1--?)
2 (1 + P+ 1-P) 

.. , 
. _.,. 

::\~-;-~~;;~~:~\ 
: .. -:_;~~ 

.. j 
·•. 

"•' 

·- '.' ' 

. ,,. .• 

The correct conditions at the load will be obtained using the ·model of a 
!' 

ccnst~~t current generator shunt~d by the waveguide impedance. 

The oondi tons at the generator· are however different the''power output baing 

constant,. The e<J.uivalent circuit re~asentation would give 

p_ ... - ,_ 
- \ .L g 

=··I 
2
R ·- E. 

4 
z 

'2 
z • ) 

z +R" 
,. 

2: 
4- ( z ) 

z .;. R 

- 2 
=4-P( zR ) 

- o R + l· = 

which is incorrect, 

.1.' 

R .. · .. ·· 
i 

l + p 
, 1 - p r 

4- Po \ 1 + p .ri- -1· = (l + P) 1-P 
2 p 
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If there was such a thing as an ideal gen:<Jrator with oharactensti-:• such 
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c!laracteristic of a Klystx:,on amplir'ier, is show'), in curve B. Ylith an isolator 

in series the effects at th~':,load are. such as 
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with characteristic as curve A.· 
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