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(refraction)

(magnetic force)
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L (refraction)

II. (magnetic force)
4-1 (magnetic flux) (permeability) £,
k"'h.
'H.h ~
N M
H'\-\.\.x
.51 ."';""-\.\,
S -
IR = I
4-1.
(boundary conditions) 6,
tan 6, _H (4-1)
tand,
= He (ferromagnetic) My = Hy
He =ty >> fy = 90

tan g, = ﬂtanﬁz ~0

(o}

6, ~0°

(free space, 1= ,)

(4-2)

H



42
41, = 4000

4-3 X-y

P

—

/ .!!
A
N

—

4-2. ( )
(relative permeability)
( ) (air gap)
(fringing fields) (semi-circle)

B(x,y)=B,(x,y)a +B,(x,y)d, & X

X

—

B (Maxwell’’s equations)

—

VeB=0, VxB=0 (4-3)

/

. _//A
—bay

4-3.



X=0,y=r X=0,y=-r
b
B(0,r)=ba,, B(0,—r)=-ba, (4-4)
(4-3) (4-4)
oB, dB, oB, dB,
— X4 = 0’ —2 7 =
ox oy oy  ox (4-5)
B,(0,r)=b, B,(0,-r)=-b, B, (0,r)=0,B,(0,-r)=0
(4-5)
y X
Bx(xa y) = br P P By(xa y) =—br P P (4_6)
X +y X +y
4-3 r X*+y =b’, x>0
=B} +B; =b
D
4-4.
4-4 C, C, C, C,
(Ampere’s Law) C,
=
12 - 1o - 12 -
Nl =¢—B,_-d =[ —B_-di +[ —B,_-dl (4-7)
iu ? G pt Co pty
C, l, C, g
(4-7)
.9
NI =(—+-2)B, (4-8)

:uc ;uo



(argument)

ag |1 +g (4-9)
He My
C, B,
NI = fléf d :I igf 'dr""_[ Léf ol
Czﬂ Ca M Con My
Ca Cy l, C,
7
N = (1 M), (4-11)
He My
4-4
B = = cr>d (4-12)
|,
+r
He  Hy
4-3 y
g
X5 (4-9) (412) X
| NI , (<9
L, 9 2
_ )M Hy )
B09=1"n 9 (4-13)
X2—=
|1 ﬁ’ 2
He My
4-5.
(sector) ( 4-5
0 4.1-1

(4-6)

(4-13)

X<

N @



(concentric circles)

Bsector = LPE (4-14)
r 4
1.
(linear) (isotropic) H
(magnetic intensity) H, 4-6
W, = L[ uHav =2 H2AV + S [ g H2dv
m_EIU:u _EJ.U—AV'UO 0 +5LVIUC c (4-15)
5 (#)
4-6.
U AV M. H.
(permeability) (magnetic field intensity) (4-15)
WmZEIUﬂOHo V_EIAvﬂOHO V+5Lv’uch \4 (4-16)

AV

(magnetic flux density)

lim B, =B, (4-17)

|AV|—0



B, B, AV
/uchzluoHO (4'18)
He >> Hy H, <<H,
(4-16)
(4-16)
1 1 B. B’
W, = [ uHidv -=| —dv =W, -—v (4-19)
2 28 21,
W, B, v
(the Principle of Conservation of Energy)
[3]
F, =-VW, =—B,VB, (4-20)
Hy
(4-20) (gradient)
4-6
(one degree-of-freedom) X
, W, X
F = Mu_vp By (4-21)
oX u, OX
Fn (4-21)
x ) «C )
m X
F,—-F —F =mX (4-22)
F. F =cx=cv (viscous friction) F, = M -sgn(Vv)
(Coulomb friction) Vv Cc
g9 g9
X>= X< = 0
( 5 ) ( 5 )
F.=0
B_ F, =0

(4-23)



F..(X)=mv+cv, x>5

9

X

(4-14)  (4-20)

sector _LPl r302 a'r

=
¥, g
( )
Fsector
(4-25)
| 2
r302
n
)

I 2

(4-24)

(4-21)

(4-25)

(4-26)

4-7

4-7.

F

sector

(4-27)

=F
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3)
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2
3)

(1)
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3)
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0.2cm
X
90° 1A
90°
3cm
60° d ~c
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¢ ) (4-14) (4-21)
Lhe
. o q
— )
ih*
(a) ®)
5-1. (a) h
(b)
(4-14)
k g
B X = 1 N XZ_ 5_1
f( ) k2 +k3X 2 ( )
k=N k=t k=T >l
He Ho
( h)
kz k2 = ll +2_h
He Hy
By (X) = l . x<32 (5-2)
K, + 9 2

2h



5-1

N 1000 turns

I 0.8 A

g 4 mm

l, 562 mm 130mm 38mm

[, =130+130+g+38+130+130 mm

h 0.65 mm
Hy 47 x 107 H/m (cgs Hy 1)
A, 4,000 1,

K, 800 B(X) (MKS )

K, 1146.3 B(X) (MKS )

K, 2500000 B(X) (MKS )
5-1 (5-1) (5-2)

1848 gauss, x<2x10° m
B(X) = 800 x10* (5-3)

1146.3 + 2500000 x

gauss, X>2x10"m




(gauss meter)

5-2
5-2
|
) (gauss) ) (gauss)
-1.65 1825 -1.7 1856
-1.45 1825 -1.5 1851
-1.25 1820 -1.3 1848
-1.05 1821 -1.1 1833
-0.85 1811 -09 1823
-0.65 1805 -0.7 1838
-0.45 1799 -0.5 1846
-0.25 1802 -0.3 1842
-0.05 1827 -0.1 1831
0.15 1769 0.1 1847
0.35 866 0.3 985
0.55 517 0.5 467
0.75 353 0.7 331
0.95 251 0.9 236
1.15 196 1.1 168
1.35 155 1.3 136
1.55 125 1.5 105
1.75 100 1.7 84
1.95 81 1.9 68
52 (5-3) B(x) 5-2
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{400 |
120 \
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i
A0 II'. g
'|lll.
40 - ‘. -
200+ . T
1] 1 1 ] 1 i i
=2 1.5 1 25 ] 05 ] 15 2
winimi)
5-2
(5-2) B
5-3
g=4mm g=8mm g=12mm g=16mm
(gauss) 1853 973 704 522
(gauss) 1848 1065 748 576




AT R ET W

100 ¢
z
i
o
100
04 [N . H ] I'.'. 1.4 1.6 158
5-3
5-4

N 1150 turns

I 2A

g 6 mm

l, 706 mm 150mm 50mm

[, =150+ 150 + g + 50 + 50 + 150 + 150 mm

h 0.65 mm
Hy 47 107 H/m (cgs My 1)
M 4,000 g,

K, 2300 B(X) (MKS )

K, 1153.9 B(X) (MKS )

K, 2500000 B(x) (MKS )

m 0.003 g +

\% 0.012ml

C 59350 dyne/cny/s

5-5




5-5

k X, (€M) X, (cm) X, (€M) X, (cm) X, (cm)
1 1.99137 1.88589 1. 7605 418987397 1.806986
2 1.97274 1.867808 1. 7456 15K966027 1.795205
3 1.951918 1.847534 1.731096 1.943151 1.782877
4 1.93137 1.82589 1.714521 1.919589 1.768767
5 1.907808 1.80274 1. 6969 816893562 1.753836
6 1.882877 1.776712 1. 6772 61.863699 1.739726
7 1.857671 1.750274 1.6563011.83 1.739315
8 1.826986 1.7121644 1.632603 1.794658 1.723151
9 1.795205 1.690137 1.606849 1.757808 1.703425
10 1.760685 1.657808 1.577123 1.722329 1.683562
11 0.104521 1.619178 1.54411 1.684384 1.661507
12 1.679726 1.578219 1.509315 1.643562 1.639041
13 1.633425 1.535616 1.470548 1.597808 1.616575
14 1.580959 1.49411 1.427808 1.54589 1.59411
15 1.524932 1.449452 1.379863 1.489315 1.569589
16 1.459452 1.397808 1.325068 1.424247 1.541781
17 1.386301 1.339178 1.262603 1.349041 1.512329
18 1.301507 1.273699 1.193973 1.266712 1.475479
19 1.198219 1.196849 1.120274 1.16863 1.43137
20 1.071644 1.101096 1.034932 1.016986 1.38726
Xy (Ve =%)
(a, =X%) Cc M 5-1
B, (4-23)
F(X)=mv,(X)+cv(X), 1=12,3,4 (5-4)
i i V, (X) X vV, (X)
F, (5-1)
(4-20)
N p—iL (5-4)

5-4

F

,Uo(kz + k3X)3
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Iﬂ'h.' 0
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3 gh 2
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400 - AT : i
r‘l l‘{|'|
5l — W ERWED
g A i
B0y o B = AR W BT
. o 0 AR W S R
5 AR R
; O R
<500 - ]
-1000 - .
-1200
- 1400 l | 1 1 i
1 1.1 1.2 1 1.4 1.5 1.0 1.7 (]
®lemy
5-4
0=90° @O=60°

(b) 60°




(4-34) F " 4

sector — _\Pl r392 aT

( 5-5 5-5
5-5
3cm 5cm
6 =60° 0.13 sec 0.35 sec
6 =90° 0.17 sec 1.16 sec
5-5
5-5
I 2
(4-35) I 0 pEp =7
(trial and error)
(critical position)
| 2
0 v =1
5-6
6 =90° h
2A 7 cm 0.01166
1.5A 5.7¢cm 0.01249
1A 4.5 cm 0.01097
I r'e’ =n,
5-7
I=2A m
6 =60° 8.5¢cm 673.5
6 =90° 7 cm 846.3




(a) (b)
5-6

5-6



(qualitative analysis)

II.
I1I.

V. «C )

(quantitative analysis)

(4-13) ( 52

(N)

6-1 (N)
9-1 C2 (N)
N (4-13)



)

(4-20) (5-4)

(order of magnitude)

5-4
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