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Define the dimensions of the stack 

Ferrule inner radius r1 1.6 mm⋅:= Magnet period Lm 8.5 mm⋅:=

Ferrule outer radius r2 3.05 mm⋅:= Magnet thickness Tm 2.95 mm⋅:=

Pole-piece outer radius r3 7.5 mm⋅:= Gap length gf 2.25 mm⋅:=

Magnet inner radius r4 3.5 mm⋅:=

Magnet outer radius r5 7.5 mm⋅:= Pole-piece thickness  tp

Lm

2
Tm−:= tp 1.3 mm=

Define the demagnetisation line of the permanent magnet material

Br 8500 G⋅:= Hc 8000 Oe⋅:= In SI units Br 0.85 T= Hc 637 kA m
1−

⋅=

Define the permeances

P1 r1 r2, gf, ( )
μ0 π⋅ r2

2
r1

2
−



⋅

gf

:=  Equation 19.46 P1 r1 r2, gf, ( ) 1.183 10
8−

× H⋅=

nmax 21:= n 1 3, nmax..:=
Number of terms for the summations

P2 r1 Lm, gf, ( )
n

4 μ0⋅ Lm⋅ r1⋅

π n
2

⋅ gf⋅











I1
2 n⋅ π⋅ r1⋅

Lm









I0
2 n⋅ π⋅ r1⋅

Lm









⋅ sin
nπ gf⋅

Lm









⋅













∑:=  Equation 19.47 P2 r1 Lm, gf, ( ) 3.868 10
9−

× H=
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P3 r3 Lm, Tm, ( )
n

4 μ0⋅ Lm⋅ r3⋅

π n
2

⋅ Tm⋅











K1
2 n⋅ π⋅ r3⋅

Lm









K0
2 n⋅ π⋅ r3⋅

Lm









⋅ sin
nπ Tm⋅

Lm









⋅













∑:=  Equation 19.48 P3 r3 Lm, Tm, ( ) 3.225 10
8−

× H=

P4 r2 r4, Tm, ( )
μ0 π⋅ r4

2
r2

2
−



⋅

Tm

:=  Equation 19.49 P4 r2 r4, Tm, ( ) 3.944 10
9−

× H=

P5 r3 r5, Tm, ( )
μ0 π⋅ r3

2
r5

2
−



⋅

Tm

r3 r5>if

0 otherwise

:=  Equation 19.50 P5 r3 r5, Tm, ( ) 0 H=

R6 r3 r5, tp, ( ) R6
1

2 μ0⋅ π⋅ tp⋅
ln

r5

r3









⋅← r5 r3>if

R6 0← otherwise

R6

:=  Equation 19.51 

 (reciprocal) 

Note: this equation is

incorrect in the book

R6 r3 r5, tp, ( ) 0
1

H
=

P3m r3 r5, Lm, Tm, tp, ( )
1

P3 r3 Lm, Tm, ( )
2 R6 r3 r5, tp, ( )⋅+









1−

:=  Equation 19.52 P3m 1 r3⋅ r5, Lm, Tm, tp, ( ) 3.225 10
8−

× H=
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Calculate the total permeance

Pt r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) P1 r1 r2, gf, ( ) P2 r1 Lm, gf, ( )+ P3m r3 r5, Lm, Tm, tp, ( )+ P4 r2 r4, Tm, ( )+ P5 r3 r5, Tm, ( )+:=

Pt r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) 5.19 10
8−

× H=

Magnet cross-sectional area

Am r4 r5, ( ) π r5
2

r4
2

−



⋅:=

Find the working point of the magnet (Hd, Bd) and the flux density in the gap (Bg)

Kd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )
Tm

Am r4 r5, ( )
Pt r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅:=

 Equation 19.53 

Kd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) 1.108 10
6−

× T A
1−

⋅ m⋅=

Hd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )
Br

Kd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )
Br

Hc

+

:=
 Equation 19.54 

Hd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) 348 kA m
1−

⋅⋅=

Bg r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )
μ0 Tm⋅ Hd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅

gf

:=

Bg r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) 0.573T=
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Bd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) Kd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) Hd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅:=

Bd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) 0.385 T=

Energy product of the magnet Bd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) Hd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅ 1.341 10
5

× J m
3−

⋅⋅=

Find the flux density distribution in the beam tunnel

Bz r z, r1, r2, r3, r4, r5, Lm, gf, Tm, tp, ( )
n

4 sin
n π⋅ gf⋅

Lm









⋅

n π⋅

I0
2 n⋅ π⋅ r⋅

Lm









I0
2 n⋅ π⋅ r1⋅

Lm









⋅ cos
2 n⋅ π⋅ z⋅

Lm









⋅













∑ Bg r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅:=

 Equation 19.55 

Bz r z, ( ) Bz r z, r1, r2, r3, r4, r5, Lm, gf, Tm, tp, ( ):= CHECK the magneto-motive force

Find the peak field on the axis
gf

μ0

Bg r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅ 1.027 10
3

× A⋅=

Bpk r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ) Bz 0 0, r1, r2, r3, r4, r5, Lm, gf, Tm, tp, ( ):= Tm Hd r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( )⋅ 1.027 10
3

× A=
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5− 10
3−

× 0 5 10
3−

×

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

Bz 0 z, ( )

z
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Peak field as a function of the pole-piece outer radius with

all other dimensions fixed

Peak field as a function of pole-piece thickness with all

other dimensions fixed

Bpk1 r3( ) Bpk r1 r2, r3, r4, r5, Lm, gf, Tm, tp, ( ):=
Bpk2 tp( ) Bpk r1 r2, r3, r4, r5, 2 Tm tp+( )⋅, gf, Tm, tp,  :=

Bpk1 r3( ) 0.408 T=
Bpk2 tp( ) 0.408 T=

Plotting range

r3 6.3 mm⋅ 6.4 mm⋅, 8.7 mm⋅..:= tp 0.25 mm⋅ 0.26 mm⋅, 2.0 mm⋅..:=
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Compare Figure 4 in Santra et al. Compare Figure 6 in Santra et al. 
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