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Pac'leTbl sa 3BM llHnoneli: H xBallpynoneA H3 nocTOSIHHbiX M81"HHTOB 

l13naraJOTCB pe3y11bT8Tbl npaMeHeHHSI llBYMepsoA nporpaMMbl POillOClN 
llnSI p8C'IeT8 llHnOneli: H KB8llpynoneli: 83 fiOCTOSIHHbiX M81"HHTOB. 

Pa60T8 Bbmonuesa B na6opaTopBB BbiCOXBX asepraA Olti.HH. 

npenpllHT 06'bellHHeHHOro llHCTBTyTS SlllepHbiX BCCnenosaHilA. Dy61la 1978 

Uyushchenko V.I. Ell· ll730 

Computer Calculations of Dipoles and Quadrupoles 
Based on Permanent Magnets 

The results oi application of the two-dimensional POISSON code in 

calculations of dipoles and quadrupoles based on permanent 

magnets are presented. 

The investigation has been performed at the Laboratory 

of High Energies, JINR. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

INTRODUCTION 

Recently the development of new hard magnetic tfla­
terials based on rare-earth compounds, e.g., Smco(has 
substantially enlarged the possibilities of application for 
permanent magnet dipole and quadrupole systems. Per­
manent magnet dipoles are used, e.g., to calibrate NMR 
magnetometers /2/. Permanent magnet quadrupole lenses 
can be effectively utilized in linear accelerator drift 
tubes 131. 

Model dipole and quadrupole magnets with SmCo
5 

pole 
tips have been developed at the High Energy Laboratory, 
JINR. 

The magnetic field distributions for these magnets 
have been calculated with a CDC-6500 computer using 
the two-dimensional Poisson code I 4/, 

COMPUTATIONAL MODEL 

Recently the code PANDIRA more complex in compa­
rison with POISSON has been used to calculate the quad­
rupole lenses w}t~ disk poles made of barium ferrite, 
alnico and SmCo5 

3 . The method for solving the difference 
equations in P ANDIRA is simpar to that used in the RF 
cavity field code SUPERFISH 5/. The basis for the physi­
cal model of permanent magnet description taking into 
account the anisotropy is presented in a paper of 
H.Zijlstra16/. In this model an actual magnet is repre­
sented by the sum of its elementary crystallites and 
described by four parameters. 
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In our case a more simple model was used in which 
M 

0 
was replaced by a current sheet of filaments and 

any M(H) dependence was ignored. In the nearest fea­
ture it is supposed to perform calculations taking into 
account the anisotropy. 

DIPOLE ANALYZER FOR NMR MAGNETOMETER /2/ 

A hard magnetic dipole of the "window frame" type 
has a steel yoke with zero gap outer dimensions of 
16.4xl0.8x3.6 em3. SmCo

5 
prisms 3.5x3.6xl.O em3in size 

with (BH) -18 MG ·Oe were used as pole tips. The mag-
max 

netic field strength in a 0.6 em gap was 6500 Oe. The 
accuracy of measurements by a film Hall probe O.lx 
x0.3 em 2 in size amounted to 10-a with the NMR ca­
libration. 

The magnetic field distributions for different gap 
widths and pole dimensions were calculated using the 
POISSON code under the assumption of equivalent sub­
stitution of permanent magnets by current sheets (fig.l). 
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Fig. 1. Computer mesh for the NMR dipole. 

The total number of triangular mesh points was 980. 
For a current sheet 0.07 em thick and 1.0 em high the 
equivalent current density is j = 6.lxl0 4 em2 which is 
comparable to that in superconductors. 

The calculated distribution of the equipotential lines 
inside the dipole is presented in fig. 2. 

Fig. 2. Distribution of equipotentiai lines for the diPole. 

The measured and calculat~d magnetic field distribu­
tions H = H(x) along the median plane and the gap width 
d = 1.9 em are shown in fig. 3 for comparison. 

From the data given it follows that when calibrating 
the computed curve at the dipole center point according 
to the measured field strength d=H(x) • which is by 
-3% higher than the experimental one at a distance of 
x = 2.0 em from the dipole center. This systematic trend 
may be due to a two-dimensional character of the 
POISSON code as the yoke width is only about 3.5 em, 
i.e., it is comparable to the gap width. 
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Fig. 3. Measured and calculated magnetic field distribu­
tions. 

HARD MAGNETIC QUADRUPOLE LENS 
FOR A LINEAR ACCELERATOR/71 

A model quadrupole lens with a yoke 8.2 em in outer 
diameter and 2.0 em wide has been developed for a linear 
accelerator. SmCo 5 pole tips 1.6xl.6x0.8 em 3 in size 
with (BH)max=18 MG·Oe were placed in the 3.6x3.6 cm2 
square cross section aperture. 

The magnetic field distributions were also measured 
by Hall probes. 

Magnetic field gradients of 4. 7 kOejcm were realized 
inside the 2.0x2.0 em 2 aperture. The calculations were 
performed by the POISSON code. 

The computational mesh with current filaments is 
presented in jig. 4 for a single lens quadrant. The cur­
rent at 7 points on the pole boundary is I = 770 A. 
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Fig. 4. Computer mesh for the quadrupole lens. 

The equipotential distribution inside the lens aperture 
is presented in fig. 5. 

Finally the comparative data have been obtained for 
measured and computed magnetic field gradients G r = G(r). 
The observed discrepancies between the experimental 
and computed points are of systematic origin as in the 
dipole case. 

CONCLUSION 

The POISSON calculations of magnetic field distribu­
tions in hard magnetic dipoles and quadrupoles with the 
ratio of the yoke width to the aperture diameter equal 
to -1:1 achieve an accuracy of a few per cent. To 
improve the accuracy, three-dimensional GFUN3D codes 
should be used and the model should incorporate an ani­
sotropy effect. 
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Fig. 5. Distribution of equipotential lines for the quad­
rupole lens. 

The most effective case for application of these codes 
is to determine optimum dimensions of a magnetic yoke 
at a minimum volume of permanent magnet poles of the 
given (BH) max . 
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