Ch. 8. Ap7|538 Xp-SH|, 2|2 IHEIA
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F: = QE[N]  where, Q[C]; MSHCHHEKX}), E [V/m]; EAI2| M7
XHA| LHOf| A 10| = CHE AR 2= 2l (XF7 =)
F; = Qv X B[N] where, v [m/s]; ™35I9| O|S& L, B[T]; AHSEE

Lorentz &lo| gt
| F=QE+vx

A|Zhol| CHt o= 0] - Tt A

A HII + X7 |
B)
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Ex 1) Q = —40 [nC], v = 6 x 10(—0.48a, — 0.6a, + 0.64a,) [m/s]

(@) B = 2a, — 3a,, + 5a, [mT]
F; = QvxB
= —40 x 1077 x 6 x 10°(—0.48a, — 0.6a,, + 0.64a,) x (2a, — 3a, + 5a,) X 1073

ax ay aZ
=—40x%x107°|-048 —-0.6 0.64
2 -3 5

= —240 x 107%{(—0.6 X 5 + 3 x 0.64)a, + (0.64 X 2 + 0.48 X 5)a, + (3 X 0.48 + 0.6 X 2)a,)}
= —240 x 107%(—1.08a, + 3.68a, + 2.64a,)

s Fg = —240 x 10764/1.082 + 3. 682 + 2. 642
= —1117.4[uN]
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(b) E = 2a, — 3a, + 5a, [kV/m]
Fz = QE
= —40 x 107° x (2a, — 3a, + 5a,) x 103
= —40 x 107° x (2a, — 3a, + 5a,)

# Fp = —40 x 1076,/22 + 32 + 52 = —246.6[uN]

(C) TH| &7
F=Q(E+vxB)=F;+Fz
= —240 x 107%(—1.08a, + 3.68a, + 2.64a,) — 40 x 107 x (2a, — 3a, + 5a,)
= —40 x 107°{6(—1.08a, + 3.68a, + 2.64a,) + (2a, — 3a, + 5a,)}
= —40 x 10 — 6(—4.48a, + 19.08a, + 20.84a,)

#F =—40 % 1076/4.482 + 19.082 + 20.842 = —1144.3[uN]
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8.20|A %

KHALHOIM 20| = CHE X7 = = (RE7[=)

FB _ Qv < B F IAXHe

Of7HEH =~
Ltstote DefE 0|0 XH8sts 53 =3 (H2f 0| Bhe &) 2"
Mo SHSHOZE 2R 2 F = Y (dF) T

dF = dQv X B = p,dvv X B « Q = p,v
=] X Bdv « p,v
= IdL X B « Jdv = KdS = IdL

[..,F=de=f1deB:—1fodL ] f’%% 6\”
= XHAILHOf| Rl= AMER| 7t = 2l %

[ F=ILXxB =& F=BILSin9]
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B:H()H
H — I 15 4
27rpap anaX[ /m]
=47 X 1077 —
r 2mx
_3><10‘6 .
=2 a7
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(3,0,0) — A




s F = —If
(1,0,0) (1,2,0)

31 21 T
j —a, X dxa, + j §az X dyay .0.0 — 2 mA
= _2x10-3x3x10-6["1 " 0 "

X 1

11 01
+j —a, X dxa, +J —a, X dya,,
3 2 .

1 (2 0 T 1 2 0
=—6x107° lgf a, x dya, +j a, X dyay| = —6x107" lgf dy (—ay) +] dy (—ax)]
0 2 | 0 2

2 _
=—6x107"° (—§ + 2) a, = —8x107%a,[N] or — 8a,[nN]
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At

— H, =2 (M2 [,0| 21 = X ™ol A 2| XtA|2| M|7|)

H, =L (M2 [,7} S21 Y= X| ™o A2 XtA S| MI7|)

21Tp
F -=— —> K
Ko = S2 7 ol= XXM o Xt Y ¥

— Fl == 11L1 X Bl' F2 == 12L2 X B2
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8.4 I|=| = 0] &

oS XA LS| I 2Tt =

F=—IfB><dL
SISE:
T=RXF
T1:R12XF2

T:R1XF1+R2XF2
F1+F2:O
T=(R;—Ry)XF; =Ry XF;
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8.4 Ij|=| 0] 28o}=

0| ATB R0 & RsHs 3

dFl — Idxax X BO — Idx(BOyaz - BOZay)

1
R1 — _Edyay

1
dTl — Rl X dF1 — = _EdXdyIBOyax

dT — dTl + dT3 + dTZ + dT4

dT = 1dS X B —> dT =dm X B
(dm = IdS: O|AXI7 | Y2 X RHE)

HHZ 0| XHGHs 3T

h

\——

[T=IS><B=m><B
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wherem = IS : X}7|4
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T=ISxB
=4 x 1073[1 x 2a,] x (—0.6a, + 0.8a,)

= — +
— 4‘8ax [mN . m] BO O.6ay O.SRZT

\\‘\@\ .
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8.5 AbgMle] &

HAS| Aot AH7|HHE

—t

Ateol 2|5 H = (orbit) 2SS SHH, ™A Xp&I2 Xt (spin)dh= 2

rr
0

Td5t= HXE

mOl’
MR YERE p e

' H = Xt7| 2H E (orbit magnetic moment)

HAE AH 25
; AT XH7|2HE (spin magnetic moment)

FEA7|ZHES SO =E XAHEN2 SF F =

mspin (positive or negative)
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8.5 AbgMle] &

AKX (diamagnetism)A|

MMM (paramagnetism)A| : 571, 2, LIF
LAt (ferromagnetism)A| : &, L& ILE
U2 XM (antiferromagnetism) &l

H| 2| XtM (ferrimagnetism) &l
X M XtMd (superparamagnetism)A|

|=||_|'I|-é'>| my,p + lnspin =0 Bint < Bappl Bint ~ Bappl
SPNES Mgy, + Mgy = XS Bint > Bappl Bint = Bappl
%l'xl'é',' |mspin| > |morg| Bint > Bappl I|'—_|-L
SIPAPN IS |mgpin| > Mg Bint = Bappi O|26t= X7 |2HIETF A
o L 1s
WA | Ml > Mgl Bt > Baont | mim amyg o el o
A APKHA [Mgpin| > [Morgl Bint > Bappr | HIXHY DHEZIA; =20z
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8.6 A2t ¥ EXI=

Xt2t(magnetization); AHA|17t 220 232 M 22 LHEOAM BtEst= B
M= ynH [A/m] P = y.¢0E
7| M, x,,: Xt2FE (magnetic susceptibility)

[(Ea] Zt712F (Ketet =28 M AHEE) : Py = ymuoH

H| £ X}2(relative permeability)

B=uy(H+M) = po(H+ ynH) = uo(1 + xm)H = pou,H = pH
O7|M, p,; BIEXIZ (relative permeability) and y; £Xt2

B = pioH + Py, = poH + ¥muoH = po(1 + xp)H

D = ¢yE + xo0E = €¢(1 + x.)E = ¢y&,E = €E
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Ex) . = 5021 H[2I0|E0|A| B = 0.05 [T]¥ W X}st M =

1
B = x 0.05 = 796 [A/m]

uH = pourHB = po(H + M) - Uotty . 50 X 41 X 1077

-M—B H = 0.05 796 = 38992 [A
TR 4w x 1077 B [A/m]
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8.8 17|22

7| M2 (electromotive force) Xt7|# (magnetomotive force)
emf mmf
V V] Vin,source = NI [A - t]
V =IR V, = &R
I [A] ® [Wh]
k= < 2] R = 2 [A-t/Wb] (E[HEA)
gS uS
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8.8 AtV|2| =

Ex1) N = 500, S = 6[cm?], p, = 15[cm], I = 4[A]Q] EE0|= LHEQ| g =7

i) Ampere2| F3|H%l 0|2 i) Xt7|2| 2 0|8
Vi source = NI = 500 X 4 [A -]
jﬂH . dL = NI
5 — d 21 % 0.15
Hg - 2mtpy = NI uS 4nrx1077 x 6 x 104
NI 500 X 4 Vmsource 2000 _
— — — 2120 [A P =— = = 1.6 X 107° [Wb
He 2mp,  6.28 X 0.15 [A/m] R 1.25 x 10° [WE]
B—¢—1'6X10_6—267x10‘3 T
S 6x107% 7 ]
H_B_2.67><10—3_2120 At
T u 4mx1077 [A-t/m]
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8.8 17|22

Xt710|2 3 M (magnetic hysteresis loop)

Ur

> &y

B, : Tt=F Xt

1P

H.: 2Xt=H(coercive force)
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8.8 AtV|2| =

Ex2) N =500,S = 6[cm?], pg = 15[cm], l4;, = 2[mm], =2 N/t LHET} &
2| 220 EZ0|E0|AM HaollMe XtSREEE 1[T]=2 o17| fIet TR 377

NI = Vm,source = Vinsteel T Vm,air = PRsteer + PRyir
® =BS=1(6X 10_4) = 6 X 10_4[Wb]

uS

”7_” T m\»\\

[
air /
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8.8 17|22

1.4
NI = Vm,source = Vinsteel T Vm,air = ORgreer T PRyir i
1.2
® = BS =1(6 X 10_4) =6x107% [Wb] >
1.0
Asteel 21 X 0.15 08
Rsteel = = ) =
UsteetSsteer 1200 X (6 X 10 ) . 06
(ﬂ _ Bsteel _ 1 ) 0.4
steel Hsteel 200 0 //
= 0.314 x 10° [A-t/Wb] %0 100 300 500 700 900
H (A-t/m)
Rair = dair = 2 X107 = 2.65 x 10° [A - t/Wb]
UgirSaqir (AT X 1077) X (6 X 107%)
|4 PR + OR,,; 6% 10%
. ] = vsource  ~ 7 steel ar — (0.314 + 2.65) x 10° = 3.557 [A]

N N 500
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8.8 AtV|2| =

Ex 3) N =500,S = 6[ail, p, = 15[m], I;, = 2[mm], I = 4[A], 32 M2/t LHE
Jt A2 (O3 EZ0|E0M HA|A S XSHE B =2

NI = Vipsource = Vimsteet T Vm,air = PRsteer + PRyir
== ok = 6.75 x 10~*[Wh]
" Rapeer + Rar (0314 4 2.65) x 106
1.4
® 6.75x107* B
Bsteer = S = 6 % 10-2 = 1.125]|T] 1.2 - —
1.0
- 0.8
>
0.6

0 100 300 500 700 900
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8.9 At M|of M2 ZEEI-A0| L X2t &

S Lol X &= 5 oL K]

1
WH=—f B-Hdv
2vol

=1 ‘qu dv 1 1 2
2 WEz—j D-Edvz—J gE* dv
vol 2 vol 2 vol

1 Bzd
= = — av
Zvolﬂ
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QIEE A (inductance) L\_/
& MU XS0 A W StE M F O H
() N
L= — [H: 32| (Henri) = Wb - t/A]
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OIHE{A (inductance)?| of

HEX| 20| q©l 71

H=nl > B = ugnl,® = BS = ygnlS

Il

2| 0| =2f 9| 200| 2t QIE{RIA

_ N®  poniS

N=n-1L ; = Tuon?a?
EZ0|=0AQ IHEHA
g _MNL NS NP _ uoN?S
" ompy’ . 2mpy - 1 2
TtPo tPpo TtPo
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HEIA (mutual inductance)
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