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Abstract

Rescnant frequency of superconduc<ing radio fre-
quency (RF) cavities, which are used in linear accele-
rator research, may raplidly shift cver many bandwidths
vecause of vibration. In this paper an all electrical
mettod i1s analyzed which can correct for these fre-
quercy shifts. The method depends upon the use of a
vcltage-variable reactance to control frequency. The

general characteristics of control are first deter-
mined. ZPower distribution ir the system is then found.
1. Introduction

In much of the present research, concerned with
onant radio frequency (RF) cavities for heavy ion
near acceleraztors, the cavity must have a small phase
glocity relative to the speed of light These velo-
ies may be realjzed using cyllndrlcal structures
ded by a helix.t Eowever, a problem in helically-
ded cavities results from vibratior of the helix.
want, frequency may shift plus-and-minus several
ertz which ordinarily might be nc problem.

hand, 1if nducting with

factor, G, on the order £ 10%, these shifts
several hundéred bandwidths. Such shifts can-
be tolnrated in linear, heavy iIon accelerators and
must be compensated. An all-electrical means for vi-
braticn compensation is the sublect of this paper.
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2. The General Control Method

A resonant RF cavity behkaves quite similar tc a

gle—tuned resonart circuit for frequencies near a
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cen be modeled by a transformer.
oupled ports may then be represen-—
1(a). Transmission lines connec-—
are assumed tc be terminated in
Zine-matched impedances Rpp and Rpz respectively.
Threse ports in a system would carry excitation and
respectively of the cavity.
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Cavity Load Admittance

o

Let Zr, be the impedance terminating port 2. Then
for a lossless transmission line of length L having =a
phase corstant 8 and characteristic impedance Zpoo the

admittance is

1 1 1 ]
-l (4)
Z, B, "X
where we find
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y = tan (pL).
Circuit Sclutions
We shall need the solution for the current i of
Fig. 1{a). All currents are easily found if certain
assunptions are made which make interpretations eas—
ier. The primary effect of port 2 is to reflect a
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esistance into the cavity loop. L wlg 1s small in
relation to Rps this resistance is u‘M‘/RCA. Since
frequency w w1il never be far from its resonant value
ws this resistance is approximately constant and equal
to BgR, where B3 is a coupling coefficient. In a
similar manner we neglect all port-side inductances
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Frecuency Control Equaticn

From
Trequency

Fig. 1(b) the undisturbed cavity resonant
wo occurs when Z,oy = 0 and is wg =

(LCq 1-1/2, “When Zoopn # 0, due to the control circult,
the rescrant froquenuy in system operation shifts to
a rew value w = wg + Awg such that tke loop reactance
ie zerc. This result occurs when the dencminator
reactance equals zero in (1C). Assuming dug << wo
and equating the reactance to zero gives
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. T2 (14)
“o o] L
where QO is the "unlcaded" § of the cavity Qp = wol/Rs-
e result (ik) is fundamental te all following
resuits on frequency control. The fractional fre-
quency copircl s related Lo lne behavior of RTZ/XL
which is determined by the line-load behavicr =and
Sine length L through (5) and (73.
cntrol Characteristics
4) we cbtain the general fre-
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Such results are possible if

nd for seles ¢ ¥, which

. FN
length o in Fig. l(a,.
choice of ¥ culé lead to large value
1 rarge (extremes of chQQ/mo, and large slopes
of dw.G./w, at the crigin (where & = 0). To find

Rg << R%Q or Ry = 0. In every case evaluations In-
dicated that a reasonable choice of y was one near
(17’
We now use (17, in (15) and note that the nominal fre-
quency offset Awy glven by
Awo
—_— = f W 18)
w /Q BE ( )
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(when § = 0) is of little importance since the cavity
can be designed to give a desired resonant freguency
after (18) is included. Subtraction of the offset
zives the important relative control furcticn:
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Fig. 2 shows 2 rormalized plot of {-a) The peak-to-
peakk frequency contrcl range 1s
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From (20) we see that to achieve 2
cy centrol range one should select 3o X‘3 b g.
in relation to Rpp, R, small, and Reo (raking
£o large).

Y. Circuit Power Zistribution

The currernts found cariier may be used to deter-
the various average powers in the cuit.  The
1 powers of interest are: “ransmitted power PR“?

cavity power Poavity end control circuit peower Pocp-
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control function.
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These are given by The applicable circuit is given in Fig. 1le).
Analysis leads to the frequency control function of
;2 (19) which is plotted in Fig. 2. The origin of the
P - "2 &R (21) plotted function corresponds to a fixed cavity offset
Res 2 3 frequency Au, given by (18). The control curve applies
- to either inductive or capacitive line-loads. For
iggc inductive loads w is positive and for capacitive loads
cavity = 2' Rs (z2) w is negative. The proper transmission line length L
= is found from (7) using (17).
i 2 Power distribution in the circuit was found and
. =Ll o, (23) the individual powers are given by (21) through (2h).
con 2 con The power required by the control device may be much

using (10). Useful explicit expressicns fcllow by
noting that operatirg Irequency wiil usually be such
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larger than the power of the cavity, depending upon
the amount of fregquency control required, as given
Ty (25).
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