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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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HIGH-QUALITY NARROW OUADRUPOLE MAGNETS*

Kenow H. Lou, John M. Hauptman, James E. Walter
Lawrence Radiation Laboratory
University of California
Berkeley, California

Summary

Two sizes of narrow quadrupole magnets
(8 and 12 in, diam) have been designed and built
at Berkeley for use in Bevatron experiments.
The quadrupole magnets have a small width for
the given aperture, so two or more secondary
beams can look at the same target at small pro-
duction angles. The computer program RNIL!
was used to develop the pole-tip contour, and the
resnlting design produced a quadrupole with very
small harmonic content. Measurements of the
line integral for the 8-in. guadrupole at a gradi-
ent of 2800 G/in., measured at a radius of 3.67
in., give harmonic contents, expressed as per
cent of second harmonic, of 0. 1% for the sixth,
<0.03% for the tenth, and 0.05% for the
fourteenth.

Design Objectives

The design objectives for the narrow quad-
rupoles were: (1) They should use the same
coils as the existing 8QB and 12QB type Berkeley
quadrupoles: (2) They should have the same
aperture as these existing quadrupoles. (3) They
should be as narrow as the existing coils would

"permit. (4) The pole contour should be redesigned

to reduce the excessive 6th harmonic present in
the OB type magnets.

Pole-Face Contour Design

The pole-face contours were designed using
the computer program RNIL. RNIL is a general,
two-dimensional, linear optimization program
which assumes infinitely permeable iron. The
boundary conditions then imply that lines of flux
are everywhere normal to the iron, and symme-
try-demands that lines of flux be normal to
certain planes of symmetry that are specified for
each magnet type. - The main subroutine of RNIL,
named PISA (Program for Inversion of System
Analysis) and described in detail in Ref. 1,
inverts the forward program to find a set of pole;-
tip coordinates which minimize the sum of the
weighted squares of the deviations between the
desired and calculated magnetic ficlds at various
specified points in the aperture.

The 32-in-long, 8-in. -diam (8QN32) and
the 24-in. -long, 12~in.-diam (12QN24) narrow
quadrupoles have been measured, and the follow-
ing tables compare the measured and calculated

harmonic contents. Table II compares the har-
monics of the total line integral for the 8QB32
and the 8QN32 quadrupoles. Table I1II compares
the calculated harmonics, assuming an infinitely
long magnet, with the measured harmonics of the
line integral over the central 8 in. for the 8QN32
magnet. Table IV-compares the measured har-
monics of the total line integral, the measured
harmonics of the line integral of the central 8 in.,
and the calculated harmonics, assuming infinitely
léng iron, for the 12QN24 magnets. ’

Fabrication

The magnet cores are made up of four
identical solid steel slabs which were Blanchard-
ground to size and contoured.on a shaper. The-
contour was controlled by matching to a gage pro-
duced on a numerical-control mill to a tolerance
of + 0.0005 in. The resulting contour produced by
the shaper was within + 0,002 in. of the desired -
calculated curve. Table V and.Fig. 1 give some
of the coordinates used to produce the contours.

In making the gage, coordinates were given at
about 0.005-in. spacing, and a smooth curve was
produced between the points. The utilities are
underneath the magnet, leaving the sides and ends
as clear as possible to permit close packing.
Figure 2 shows the basic dimensions of the magnet.
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Table I
Maximum design values.
___ 8QN 120N
Length (in.) 16 32 24 48
I(A) 2750 2750 2750 2750
V (volts) 53 93 73 . 126
22 (kG/in. ) 3.6 3.6 | 2.4 2.4

*Work performed under auspices of U. S. Atomic
Energy Commission.



Table II. :
Total line integral of magnetic field at r=3.7 in,

Harmonics in % of second

Sth 10th 14th.  other
-8QB
5B .
rys = 2500 G/in. 0.35 0.05 0.05 ~0.0
8QB .
) o
=2 =3000G/in. 0.36 0.04  0.05 ~0.0 i
8QN B : I
2—113. = 1400 G/in. 0.07 <0.02 0.03 <0.02 Y ‘
8QN
4 SB -
‘; = 2800 G/in. 0.10 <0.03 0.05 <0.03
Table III. _ o
Line integral over central 8 in. of 32 in. quad. Fig. 1. Contour éf)ordlnates. .
8B . '
<o - 3000G/in. I=2200A r = 3.67 in. Iq—— B—#1:
Harmonics in % of second
6th 10th 14th  other A
8QN :
(calculated)- ’ 0.001 0.0004 ~ 0.0 ~0.0
8QN32 . '
(measured) 0.008 0.003 0.004 <0.005
_— Table IV.
120N24 5r =2400G/in. I=2750 A r = 5.67 in.
Harmonics in % of second
o . 6th 10th  14th  other
" 12QN24
measured total ) Y
line integral 0.484 0.019 0.025 <0.015 Fig. 2. Basic dimensions (in.)
12ZQN24 ’ o
measured line 80N 120N ~
integral of : A 8.244 diam 12.369 diam
.center 8 in. 0.095 0.024 0.009 <0.015 B 24,0 35.0
12QN calculated  0.001 0.0004 ~ 0.0 ~0.0 c 40.0 60.0
Table V. Pole-tip contour. x-y Coordinates, Pt. A to B,
8QN 12QN
X y . x y x y x y Cox y
1.516 5.400 2.047 4,150 2.250 8.175 2.817 - 6.925 3.444 . 5.550
1.529 5.275 2.113 4,025 2.258 8. 050 2.840 6.800 3.524 5.425
1.582 5.175 2.180 3.900 2.275 7.975 2.862 6.675 3.607 5.300
1. 636 5,100 2.250 3.775 2,303 7.900 2.902 6.550 3.694 5.175
1. 689 5.025 2.330 3.650 2.360 7.800 2.959 6.425 3,786 5.050
1.762 4,900 - 2.411 3,525 2.462 7.675 3.028  6.300 3.882 E 4,925
1.817 4.775 . 2.500 3.400 2,566 7.550 3.098 6.175 3.983 4,800 ) o
1.861 4.650 2.595 3.275 2.652 7.425 3.163 6.050 4. 090 4.675 ;o
1.893 4,525 2.698 3,150 2.716 7.300 3.229 5.925 4,202 4.550 : '
1,926 4.400 2.810 3,025 2.760 7.175 3.297 5.800 4,320 4,425
1.980 4.275 2.915 2.915 2.790 7.050 3.369 5.675 4,373 4,373
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' This report was prepared as an account of Government sponsored work.

Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: '

A. Makes any warranty or representation, expressed or implied, with _
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission'’

) includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such endpldyee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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