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A DEVICE TO MEASURE QUADRUPOLE GRADIENT-LENGTH PRCDUCT*
Daryl Reagant
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Ty Y/2 is the ave*agc 1nuegral of the

5 in volt saconds, and (nl+n2)/(n1~n2).

ting screw is provided (se“ Fig. 1) to adjust
; the stroke of the wire-bundle with

adrupole so that (nj+usy) can be made
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Second compariscn: Rotating coil in magnet "A"
ives Ny counts per integration, moving wires
av "B" give M. counts pev integration at

&
current J.

Fig. 2. Calibrating a votating long-coil.
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nal voltages will be closely matched. Note that the

ciprocating wire and rotating coil instruments are

2xch 1xé€d between quadrupoles for the second half of

he procedure. Let C be the calibration constant of
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where 8; and S, are the strokes corresponding to Ny and
Ny, and the correction terms can be worked out using
Eq. (8).

Some Sources of Error

If the path of the moving wire~bundle is not
paraliel with the magnetic x~axis of the gquad, the
apparent sensitivity of the device will be low. A one
egree error in this parameter will cause a .06% sensi-
tivity errer. This error goes as the square of the
angle. If the strckes measured at each end of the

iiffer in length, the proper "average g2
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ured at the ends of the magnet.
v that any yaw at the ends

of the stroke introduces no errsr. In a perfect guad-
rupole, if the wire-bundle has an angular error in
pitch, the error due to increased wire-length in the
field is cancelled by the cosine dependence of the in-

duced e.m.f. This is aliso true of s=ag.

Some Wire-Bundle Size and Position Effects

In an ideal quadrupole where

de =koyr cos 2¢ and By =kpx {see sketch),
the size or shape of the wire~bundle will
not affect the signal. To show this, let
the bundle consist of m wires, each having
a position xy(t), y;, with y; constant,
let xi—-x(t). uj, and choose x(t ) so that Fu;=0. The
integrated signal produced by one half-stroke will be
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Note that U,; is independent of y.

pure sextupcle where

In an "in-phase” p
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This result indicates that an m-wire-bundle that was
flattened horizontally would be somewhat more than m
times as sensitive to an in-phase sextupole component
than a single small wire would be, and that a perfectly
circular bundle moviug with its center on tuc x-axis
would have exactly m times che in-phase sextupole sea-
sitivity as a single wire. In any event, in this de-
vice, <u2>/w2 <VZ>/W2 <3x 1073, and for practical pur-
poses, no coxrect%on is required in the value of y
which appears in Eq. (8).

An "out~of-phase' sextupole component,

BQ = 1(39352 sin 3¢ and Bv = Zkazxy, may produca
which is similar to that of a pure quadrupcle: T
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undle size effects make small ¢
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largest term in this signal can be elimi-
by installing the wire-bundle at the proper ele-
ther terms will then be zero for circular

vaticn. The o
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§ of the wmoving frame (items

ig suﬂpovced ujen two hardened steel balls which
in V oves in steel bearing blocks

aring assemblies at each eund

ng ' ving frame is welded
g. The moving assembly
oning screws (item 7),

ux supports {item 6)

epoxy-glass cruciform
(item 8), in which the
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The reciprocating drive w ism is shown in the

f Fig., 1. The push-rocd em 14) has spherical
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The displacement of the moving wire-~bundle is
ﬂeesn*cd at each end by a Sony Ma gnasbale.z These in-
strumenits operate on the principle of a magnetic tape
produce digital

in aluminum

player, measure distances to 1 pm, and
output. The measuring probes are held
fixtures which are bolted to the frame of the quadru-
pole. Elastic deformations of the crux, the crux
supports, the gauging-point screws, the transducer
mounting fixtures, and the quadrupole frame can 21l
contribute to error in the measurementz. - Is esti-
mated that in the configuration shour zat
of these deformations is less then 207 ok
resclution of the transducers.

A future report will describe later modifications
made to the device to adapt it for routine direct
measurements of PEP interaction region quadrupoles.
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