ﬁ/* {" I/ég;-/ﬁé;'
ol Lt | Yl
- i o i

e 110 0038487 5 ‘ mu A 113

Memorandum to: Jim Snyder

Dats: Mey 17, 1956
Subject: A Proposed Possible Extension of the

Digitel Computer Program for Studying
Foils and Simple R. F. Gseps; to Include
Cavities which ere Inclined st an Angle
to s Particle's Trajectory, end which
have Electric Fields whose Magnitudes
are a8 Function of Radlus,

Derivaetion: Because the formula to be presented in
this memorsndum is unlike the formulas of the previous
proposal in that 1t is not obvious, it sppears best if
g derlvation 1s included. We are interested here in the
effect on particles of a gap which is not redisl, but
rather placed along the open spirazl of a separated
sector accelerator. One might consider first, the case
where the electric field slong this cavity is independent
of position. Also, we are interested in radial cavitles
which either have electric fields which very with radlus,
or more extremely, cavities which terminste. It proves
,/P\ convenient to consider all of these situations simultaneously.

In order to carry out this asnalysis we must heve
some 3idea of the slectric and megnetic fields in typiceal
cavities. In this regard, Cavity II of The Proposal
seems both of sufficlent interest, and sufficient simplicity
to be emenable to enalysis. It consists of en accelerating
saction whose length is short compsred to s weve-length,
end conseguently E’1s large and Iindependent of redius
while B is negligirle. This then, is the kind of
cavity included in the lsst memorandum. Beyond this
gection there i1s s portion for the return of the bies
flux which 1s so constructed thet the, B field 1s almost
constent over the region, and thus E drops off linearly
with the redius. By studying this region we will have
included both situations: a cavity where E varies
slowly with radius, and & cavity which terminates.

Introduce the coordinate systems In the medlien plane
of the sccelerator as shown in Fig. 1, where fcllowing
Symon (end not Jones) { is the angle from the radius
vactor to the spiral.
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3 17 Msy 1956

The electric and magnetic fields of the cavity
mey be simple described in the Z ,;‘coordinate svstem:
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where S ;: and S are distences messured along the spirsl
sector, (=N -1, end W equels the anguler frequency of
the cavity. We can concentrate cur sttention on the
region 83 { S S5.

We shall describe a particle, s before, nemely if
r = radial distence of the pasrticle from the center of
the eccelerastor, by x end py where:

r - Re (E) (l+X)

px=§9& @

Let )&equal the sngle between the rarticles trejectory
end the referenece circle.
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And employing: «L(V

T = Re (B) -jf; @
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Let the particle have initlal momentum P (not to be

confused with py - the dimenslionless "romentum" associeted
with betatron oacilletions)
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We now employ the orthogonal transformetions.
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to obtain P, in the system - J where the effects of
the cavity mey be easily calculated, and then to return
to the (7 - ] v system,
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and remembering that j“’IB a small quantity, we have:
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so that 7}? , the value of }é after traversing

the gap 1is related to }f by:
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or, since we wish to assume the gep 1s very narrow so
that r is not changed on traversal:
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We must now simply celculate the quentities AE, A, Aré,z
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Yielding:

spi= e £ (2E) L oy

where we heve ignored the higher order corrections in
theq}ime the perticle remeins within the gap, due to

¥ © , snd due to the modificatlion in trasjectory
caused by the energy gain within the gep. Thus our
analysis will feil if § > 1.

Clearly:
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So that finally:
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Program Modificetions: w(s:-5) (E=~EM) ™ 5D

We cen teke the program as outlined in the previous
memorandum and modify it st osclllestors so that the new
Px (called P previously) is given in the terms of the
old by Eqt. 20. Perhaps this can be on a seperste
mester tape, end in fect one might wish to study some
of the effects Included in Egq. 20 one at & time. 1In
perticuler the two obvious cases are:
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(This 18 & gevp et an angle to & particle trejectory,
but with independent of redius.)
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(This 1s a radiel gap with £ a funetion of radius.)

Other possitble modifications which haeve been
sugrested sre:
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A,) The Inclusion of Inveriants: If the effect of
sleunched gers end folle 1s in fect to damp one type

of osecllletion et the expense of the other, or sven

to damp or undamp both, as some people heve suggested;

the inclusion of en inveriants routine might be convenient.
This would sllow one to see, without plotting, the

genersl smount snd type of demping. One cen envision
invarients in x - p, es well es In E - @ , slthough

the latter would only bs of interest in the more restricted

"case of perticles within buckets.

B) The Inclusion of Bumps:

It would be interesting to see If bumps ceuse any
new types of resonances with the R. F. slsoc 1t would
be valusble to leern 1f the energy gein of perticles

. has any effect on their Iinteraction with bumps.

c) Non-Linear Transformations:

With 1ittle loss in speed of computetion one could
probably replsce the linear transformations used hetween
folls and geps, with Powell-Type non-linear transformstions
including pusdratic end cubic terms. This would be
Interesting in regerd to whether or not R. F. knockout
now occurs at new resonances, &8s well ss simulating
non=-lineer effects more correctly than proposed previously.

I believe thet in regard to thess lsst three modifications

there 'should he consilderabls discussion before it is
declded whether or not to include them in s first
formuletion of the progrem.





