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CH6 Static Magnetic Field
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Electromagnetic

* Electric force F =qE(N)
» Magnetic force F,=quxB(N)
+ Elecmagnetic fore F =q(E+uxB)

(N) ~ Lorentz’s force equation
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Electromagnetic

Free space
« Static Electric Field « Static Magnetic Field

V-D=p V-B=0

VxE =0 VxB=p,]
V-J=0 Steady current

sy =4mx107(He/
Permeability of free space
" [t ke 3




Electromagnetic

V-B=0 = (J)SB-d§=O

» No magnetic flow sources
I . * Magnetic flux lines always
. close
I . + Low of conservation of
H
(4]

magnetic flux

® (b) » Each magnets has a
north pole
FIGURE 6-1 south

Successive division of a bar magnet.
» Magnetic poles cannot be
isolated
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vx§=,uoj:>.[s(vx g)-d§=yojsj~d§

summary
V-B=0 ¢ B-ds=0
S
VxB=uJ (JSI?-dZ:,uOI
C
‘/ [ EXA. T 5
EX 6-1 Electromagnetic
* Inside conductor
B =48, di=4rd¢ o
§ Bd7=["B,rdp =218, .
L :(LJ I r
b b .
B =4B,=4, ;luf,i r<b w
7l i

» Outside conductor

B,=4B, di=4nd¢ = i‘i
§_B.dl=2718 =,
c2 - 4

2 [ [

C, outside conductor encloses |

B,=4,B

s Ml
,=4,—2— r,>b
2 a7

el [ Eak Y d o




Electromagnetic

12/18/2016

If
ZELBEIFE(FEEEAR)
3, =43,
I =27b],
0 r<b
B=9. ub
a, A2 Jg r>b
r

" T

Electromagnetic

EX 6-2 (Toroidal Coil)

A circular contour C with radius r
(b-a)<r<(b+a)

$B-d7=271B, = u,NI

(1)I§=é¢B¢=é
(b-a)<r<(b+a)

2B=0 r<(b-a)
&r>(b+a)

(No source)
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Electromagnetic

EX 6-3 (Solenoid Cq_il)

i

(a) Direct application of (b) Special case of torid
Ampere Law Ex6-2. b— o
BL = g, nLlI N
B=u| |l
B =y,nl 27h
B = ynl
—— [ Eak Y d




Electromagnetic

6-3 Vector Magnetic Potential
= B=VxA, A : magnetic potential [Vector]
cf =E=-Vyg, ¢ : electric potential [Scalar]
VxB=pJ
Vx(VxA) :W(VA)—WZ\:;%J

m |V-A =0 =

Coulomb gauge Vector
Poisson’s equation
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In Cartesian coordinates,

_ Vector
VA =, _
= J ~ o J
VA =-ud oA =Ho [ Dguo A=t [ 2 quiWh
VA =, A=l L], dutor)
VZAZ:_/JO‘]Z
c.f. Vip=—P o g=to Py,
¢ &, ¢ 47r~[“'r
" [ELLTE i

Electromagnetic

Magnetic Flux @ through a given area S
which is bounded by contour C

cD:LB-dé (Web)
q):js(va)-déquCA-d? (Web)
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6-4 Biot-Savart Law and applications

3-dim 2-dim 1-dim 0-dim
Current Volume current | Surface current current
distribution density density

]{ coulz} L[ coul } I[coul} q[coul]
sec-m sec-m sec

Current

element ~ _ _| coul
]dvl:&mm} Jsda[&u'-m} Id ;[ﬂ-m] qv[—»

sec sec sec sec
|

.’@}\ /'Oda /\7
dv d7z q

"
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Biot-Savart Law : [Valid in steady current]
W Fr..

q q
r r

0
_ (=T = 1 , F—1
dF = 1d?x| 197 x—2 |  cof K= 0 —
4z [ 4re, ‘rfr‘

1
mar [4,] V= —
[&]

" [t

Electromagnetic

=) Ho vy (r_r/)
Biot-Sarvart Law : dB =" 11d /"%~

4z ‘r_r'f
dF =1d7xdB

Action at a distance :B field
e I [+




Electromagnetic

B-da = 0|~ Gauss thm. ——*

(537

Biot-Sarvart Law

r—r SN S (LI
B(r):%ﬂj‘ ](rr)xﬁ—r,gdv, A(”—4,[LS v
7T Jas. \r—r\ L
VZA(F) =—u,]
Poission Eqe.

(ﬁpB-dZ:#uLTda «— stoke Thm. — |V, x B(F) = 14, (T)

Ampere’s Law
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B =2 [ jrxIav
r-rf

47 Jas

(1Wr -B(r)=0

PRV, BV Dasl(’)x(r r)d} V-(AxB)

=(VxA)-B-(VxB)-A
_H o (F-7)
el {JW - }

o o i .= g (-1 <o
7471"[“{%7]“)] r—r] { -7 } J(T)}d
" -

<1\

=0 -0 ) ér
o f\ \ Vx(F)zo
V-B=0 e \ o1/
CF
V-E=L mumum
&
e ] AT -
Electromagnetic
From V_ -B(F)=0 L
B=V xA At iy o
(2)B :Vr * A(r) A:7J‘a.s. F—r dv
v —F )
=80 jr)x ( )v ()
4 das. /
N 0
_H JTC0 I I A
4,[.[-,5{ ' [I‘—f’ ] —r (V/ﬁ(/r())}dv
0, | [ i ]dv, i
dr e {fr-r — (V) A+ f(TxA)
:er/:\(F)
Ay = A i |
H A(r)=2
Hp AM) 4”'.;5{%7?" }dv
— [k i ] X
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Fom ¥, xAN=B()= (VAN =g jr) 0

Steady current ?](F) =0 Jyx B(r):,uuj(r) . ‘v'ézf

Static magnetic field VX(VXA) V(V A) (V ) (r)

pf 1 V. x[V, xAN]=V,[V,-AN]-(V, -V,)A®T)

NS )
as. 47 Jas. F—r

H T S 1 I re '
=2 V| —— |+——| V,: d
4ﬂ_|.as‘{l(r) r[‘rir,‘]*"rir/‘[ r J(r)]} \
:&(ﬁ ](T') da =0 Steady state V- | =0
4z Json|r -7 boim L o
Hm‘r r"

V. A =(_Coulomb Gauge
" e ey

Electromagnetic

Rl ==
V, xB(F)=—(V, -V, )A(F)=-VA(T)

e wi e MO

4r
:_,uoj(r) J(r )V (

v B(f):yoj(f): Ampere’ Law :ﬁz(F):’4”’53(r)

P X
?fﬁ(f) =—u,](F): Poission Equ. V?(‘rjiﬂ]:%ms}(rfr')

Electromagnetic

qSB(r)-dazo o L
s ORI ANGRE
P V;Bfr)zo pf :V-B() = 44, i(1)
causs | V-B(Ndv =0 [[(¥-B())-da- 4, [§(-da
Thm. _ o _ o _
gSSB(r)-dazo §B(r)-d7=p,[j()-da
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Example 6-4

— & Ml L dz’
(a) A=4, —_—— z
472- J:L le+p2 \ T
L z
[ln(z’hlz’z +p’ )] :
-L z R

=4,

4,
4z

2 2 - o e A e a e
WA EYE TR

B=VxA=Vx(i,A,) =
ooloA, oA, _
ppa¢ ¢6p d¢'=4,dz

cylindrical sym. 6;1 =0

— BN
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o 8{”0'1n—V4LZ+pZ+L} r-r=4,,-4,2

B=-a,— - -
foplar Ll p oL dix(r-r')y=4,2'x(4,0-4,2)
R 4,1l — A '
_p o Ml =4,pdz
2 2 (4
$2zzp«/L'+p' | oL dz’
if p< L; E:IdE:é 'HLJ. L —
’ 4 Lo A
Boa Al 4z (" +p7)?
*2mp A 1L
¢27tp\/L2+p2
— T 2
Electromagnetic
Example 6-5
From 6-4
— =W,
prfé
_ ‘]
B=4, | x4=4a 72\/5'%' : 1

\Eﬂ'w ‘ W -

w

s CEL TR S
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Example 6-6

>

R=r-r=zi,-b
[F=r|=("+b’ /i

di'x|r -

= 4,bdg'x (28, ~ba )
A 1A h2A A
=4 bzd¢' +4,b’dg
ép is canceled due to cylindrical sym.
2 ’
o tul rg b0
4r

_s b
S A eI A
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6-5 Magnetic Dipole ' K
-+ ](M
Ar) = &L# dv' A r
4r 1 |

|3 [T a)dv
= +-— +...

4z r 4z r’

e e

20 pole =0 2 pole =0

V-j(r)=0

jV](F')(F' -a)dv' =mxa,
M= [[F I v = it i

m=Ida

e BN 3

Electromagnetic
L] . 1 EU———i ,
. ng.[dpr x J(r)av |
1 - - 1 —r — d7f’
=—| rx(d)=1=| r xd/
2Idp ( ) 2Idp dézéf’xdz’
=lda
c.f. 5
Ao Mo Mx3, _ gy Msin® o _ 1! P-Za,: 1 PC(;Sg
T4z 2 4z 2 v 4re, 1 4re,
a, a,
R r
m
9 ‘9/
s — [ Eak Y d .




Electromagnetic

a, ra, rsinda,
R, o o
B=VxA=tom 21‘ o 2 <
4z risin@|or 060 op
0 0 rsinl?sng
r isin29)=25in€cosﬁ
M, 1 _ 0 sin*@, _ o sin’@ 00" r r
‘ﬂmrzsina[a'?a( T o ) o pin'a, sin'd
7ﬁmé,2&:os«9+éysin«9 or r
4z r
c.f.
= = 1 ~ 0 cos@ . _ 10 cosf
E=-Vg=—o(-DP|a () +3—(—
4re, o re roe r
P |- 2cos@ _ sinf
=@ 7t
4re, r r
" e ey N

Electromagnetic

+ v
\

\

.

{a) Electric dipole ) Magnetic dipoke.

FIGURE 6-9
Electric field lines of an electric dipole and magnetic flux lines of a magnetic dipole
" T 2

Electromagnetic

Scalar Magnetic Potential

VxB=pJ if J=0 VxB=0

B = _/uov¢m5

¢m : Scalar Magnetic Potential

, 1 o -
¢m2_¢m1:_'|.pp’u78'd£:¢m

 dgr?

(o]

_ Lt Pugy
_EJ.V’TdV

(not physical)

it J= 0, B : Non conservative (path dependent)

ﬁ/

[t ke 3
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6-6 Magnetization and Equivalent Current Density
WEMEYE | Components | source e nay
Conductor | free electron | j =gE  lim & (%
Non-conductor | polarized ion ] —VxM -0 AV
' _ Mmag. dipole monent

R
A= ”OJ’M( I gy
L R I

= r(ﬁ)* r(ﬁ)

W (1) x Vo (——)

[F—r']
=§er{( ——)(-M(r ))}

[T

Vx(fA)=VfxA+f(VxA)

[VexM()]

[r—r|

" e T
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Electromagnetic

V. xM()
A=12[9, { M(r)} R P

| [r—r|

v M@
= Eﬁda{ M(r)} ¢ (r)dv’
47; - o

,
r| [r—r|

V.oxM(F)
= 4o ol M(r)xn : %

-7 il T In=YxM% )

7S SO I B P T
47[¢S' |F7F" 47[.[\/"F7F'| JmsfMXan(%

of py=-V-P; p,=8,P

)

" T

Electromagnetic

(® M, out of paper

FIGURE 6-10 .
A cross section of a magnetized material,

[l [k i ]
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12/18/2016

EX:6-8
]ms = M‘><én = (Moaz)xar = MUéW ::H\I_ 0, 2
_ b
B4, 7
2(z° +b?)?
2451 '3
dB:”Z% : I
2[(z-2y +b?]? S|
_ L - . I
B=| dB
5 MMy | 2 z-L
=4, —
2 |22 p \/(Z—L)erb2
e T 3

Electromagnetic

#EE (¢ 7 FWEBEEHR)

V-B=0 CF VYxE=0
§XE=/1 (] +]m) v.E 1
U V-E=—(p;+p,)
=u,(J; +VxM) %
Vx| LB |7, = PimVeP)
Hy _ _
VxH=], v{nEePl-r
— 1= — 1 =
~H=—B-M=——o 5.5
Ho oty V-D=p
D-sE+P
e T 35
Electromagnetic
Static Magnetic
Source : J fs M (permeativity)
TxH =],

Conductor: H — B — @ — L
B=uH @,

Magnetic material :

Copy &5t
PR Py :

ﬁ/
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Electromagnetic

M -4
ddn = 4/2er
1 M4
_ Ay
O 4ot
1 ¢ M-§

ar [r—r

Oy T » A=to [i Jns da'+I

12/18/2016

1 P,
Opuss Pu s =" s da’ +
Poss o = i“rir,‘ [h=
" e ey o
Electromagnetic
Ex 6-9
M, top face B=-uVe,
=-M bottom face
o o :LMI[Q,Zcos&Jr 4, sin 9]
0 side wall 4R
T
Pn=0 inside # (Dipole #fi2)

Gy =70y =M,
Y

¢”'4;:(R‘ R ]
R>>b [Dipole]

_ QgyLcosd
o= mT
*M, JLcos @
4R
_ My cos@
AR

; M, =2b’LM,

"

[(7xFi)-as=[3-as
$H-de=1

Ampere’s circuital law

B = (14 7 )H

Electromagnetic

Electrostatics Magnetostatics

= touH l : i
- 1 1%
H=—B| 5 |u =1+yz,="— . -
u 1, | relative permeability
——— [ e 39

13



Electromagnetic

6-8 Magnetic Circuits
Electric circuit : Voltage / Current source ; V, |,

Magnetic circuit : Transformer / Generator / Motor ...

12/18/2016

V-B=0
VxH=J ;closed path c to enclose N turns of |
CH -dl = NI =V, (m.m.f) magnetomotive force [Amp]
" PR Ye ] ©

Electromagnetic

Ex 6-10
Sol :
$H-dl = NI,

B is identical in different material

B, =B -46 f Eferromagnetic
g:gap

Ampere law

B, B, FIGURE 6-13
i (o, -1y )"'}Tﬂlu =Nl Coil on ferromagnetic toroid with air gap
B -4 HopNI,
T, 271, =y )+ 4
H -a MmN g, ANI, Hy _w
=% ? - N
? w2, =1, )+ g 7 o2t =1y )+ g T H
— AT 41

Electromagnetic

Magnetic Flux ®~BS ;S cross-section

_ HopN1, _ NI,
.= =
o, —1,)+ g [ZL"B)J—Q
u H,
PP | A
(Zzzr\,—lg}lig R; +R,
s 4,8

2ar, -1, .

Ri = =——:l; =221, -1, length of ferromagnetic core.
s s

R; :ferromagnetic core

|
R, =— :Reluctance { ]

S R, :air gap
Analog to : [Electric circuit]

\4

| =
Ri +Ry

ﬁ/

[t ke 3
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Electromagnetic

{a) Magnevic

Magnetic circuit
V,

m

CR+R, 48

mmf V,(=NI)
mag. flux ¢
reluctance R

Permeability x

reuit B Electric circuis.

FIGURE 6-14

Equivalent magnetic circuit and analogous electric
cirewit for toroidal coil with air gap in Fig. 6 13,

Electric circuit
v |

I= H
R +R, oS

emf V
electric current , |
resistance , R

conductivity , o

12/18/2016
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Electromagnetic

©Leakage Fluxes

2 conditions must be satisfied

H,l, +H 1, = NI,

(©Fringing effect © B=uB,HHH

1
= B, +u,--H, =2 NI
B _ B _ /j H f 0 l f 1 o
f g o g g g
Similar to
Kirchhoff's voltage Law Kirchhoff’s current Law
NI=) R® -
LNL= 2R S ®,=0 VeB=0
J
— AT 44
Electromagnetic
EX6-11 K.V.L. (Time Independent)
R, = L
8 NI =R, +R,)D, +R D,
R,= L Loop2: NI, —N,I, =R,®, +(R,+R,)D,
HS,
R, = l; — R2N111+R1Nzlz
i
He RR,+RR;+R,R,

{a) Magnetic care with current-carrying windings

FIGURE &-1%

A magnetic circuit (Example 6-11)

Py
(b} Magnetic circuit for loop analysis

ﬁ/

[t ke 3
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Electromagnetic

6-9 Behavior of Magnetic Materials

M= Zmﬁ , X - magnetic susceptibility
A=LB,4-147,-%
u “,

VIGURE -7
Wyvieresis foops in the #-11 plane for ferromagnetic

Obiamagetic: 4, <1 (y :small negative number)
©OParamagnetic: 4 >1 (¥, :small positive number)

OFerromagnetic: 11, >> 1 (x., : large positive number)

12/18/2016
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6-10 Boundary Conditions for Magnetostatic Field

a H -7 FIGURE 619
ap X (H 17 H 2 ) - Js Closed patls about the interlace of two media for
detormining the bowndary conditsan of H,

- TERLTY ] o

Electromagnetic

Ex 6-12
B, component
,H, cosa,=pH, cosa,

H, component

H,sina,=H sina,
Ty gy o _
tang, 14 .':EL','F:‘.‘J’a‘:’J’.ﬁﬁl:".‘C (..\ij.un:muum- fiedd at an
or a2=tan'1(&tanal)
“4 Similar to E-field
>, a4 =90°
>, o,=0°

Magnitude of I-_l2

H,=H?,+H?, ={(H,sina, )’ +(H cosa, )’ -
? ‘/ “ o J( ? 2)”2( ? 2) H  In ferromagnetic parallel interface
=H1[5i“2 a,+( ﬂcosa] )2 H Originates in a ferromangeitc ,
Hy

Flux perpendicular to interface

— CENTE ] 0

16



Electromagnetic

Ex 6-13

Surface current JmS:M od,

Example 6-8 [p246]

R p—

po— %z T,

2| Johg e

5 =3 Mo L —B
B =4 —— [=B,.
RN
plzBD'1<Bp0

End Center

at interface quantity

FIGURE 6-21
Magnetic fux lines around a cylindrical
5 bar magnet (Example 6131

12/18/2016
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6-11 Inductances & Inductors

Mutual flux @, = L B, -dS,

@, =Ll
L17 : mutual inductance
between loops C, and C,

If loop C, has N, turns ,

Ap =N,

Generalizes to
FIGURE 6-22 A]: = lel\
Two magnetically coupled loops.

‘ = ‘L,z—df}'z (H)‘

T d

" R Tr )

Electromagnetic

Some of B produced by I, links only with C, loop itself, not with C,
All:N1(D11>N1(I)12

Self inductance of C; loop

Procedure for Finding Inductance

1. Appropriate coordinate system

i 4.
i A=NO

2. Find i

a= 4 [ 315 1) gy s

B=-2| J(r)x dv :
o Tl O =2

|
®=[ B-dS
S PR TAd 51

17



Electromagnetic

total current NI
2718, = g,NI

B = #NI
7 2

flux linkage
A=NOD

#,N?Ih- ln(EJ
_ a

12/18/2016

Electromagnetic

EX6-15  Long solenoid

From(Ex6-3) p231

B = g0l
® =BS = y,nlS l;_',j__;; "'F
| ]
"=nd = g,n*SI T Ty 3
s QI @
Inductance per unit length : T _ULJI LLUULL 1 —
i
L= uﬂnzs b
I>>s it ‘ning long salencid
La N?
in Ex6-14
Ex6-15
" e TN 5
EX 6-16 Electromagnetic

a) Inside inner conductor.

0<r<a [Z;zr(jr] :2rtzjr
83 _ A 5 Horl = é
B = aval =a, e dA = 2rdr do'
b) Between inner & outer conductors ) r=a . 612
A= da
a<r<b 'A’I X b
5 A 7N =4 1@ = r)rdr+(n [ rdr
B,=4,B,= a”% ﬁaz[ZaZ IO( rar( a)-[D
. a b _hl(lﬂng)
do :J'r Bwldr+L B,,dr rla
I I odr L=l ot togy Dy,
= 2’”" > Iardr+—§“ — I Tsr 2 (M
" TRr '

:Ll)l(az_rl)+Lt>lln(E) ii
2z a

4ma’

Current in annular ring

ﬁ"

[t kS
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EX 6-17 Electromagnetic

. o d
Internal Lself = Ho Le=—-= ﬂ111(7)

- 7 - a
A ' Hy My total
ZW|res:Li:2-8—:4— o
T 4z L‘:L',+L;:ﬂ[l+ln(fﬂ
external : Xz — plane, only y —comp. T4 \a
1!
By’ _ Hol
> T 22d—x)

' d-a

@' =["" (B, +B,,)x
- bf@l{J,+44}4,}dx

a2z x d-x

= LOI ln(ﬂ) ~ LOI ln(g)
. a Z a

PGURE -3
A two-wire tramsmsson bt {Frample 617,

12/18/2016

" PR YY) 55

Electromagnetic

L,=L,?

N1 Bus
L I, J.Sg B,-dS,
(B =VxA)

2 Aedl,
[
% = o d,
=g 20
— FIGURE 6-22
=1, = 4NN, ¢ ¢ d/,-dz, Two magnetically coupled loops.
2 4r ¢ Jc, R
Neumann Formula
" e TN 5

Electromagnetic

EX:6-18
N
— 1 2
@, = u(—H)(ra)l,
4
Outer coil has N, turns,

A =N,®,, :eﬁ N,N,za’l,

1

L, :% :zﬁ N,N,7a’
1 1

FIGURE 6-26
A solenoid with two windings (Example 6-18).

——— B2 .

19



Electromagnetic

EX:6-19

Find B, is caused by long wire I,.

B _a Ml A

B,=4 2% =l
7 2zr b 1,

Ay =Py,

Ay :Ll B.eds

dgl =4 zdr

»z=[(d+b)-r]
:mjd‘bl[(d +b)-r]dr

B 2r Y4

:ﬁ%;l{(d +b)ln(1+§]—b}

ﬁ{(d +b)ln(l+gj—h}

2

S

S

" e ey

Electromagnetic
6-12 Magnetic Energy
Loop1 V=L, % Similary I, C , G
— i 1
W171V1 hat sz:ELzlzz O O
Il - -
= |_] J.o |]d|1 Total work at C, Lo
1 1 W, =W, +W,, +W,, Wm :ELI
N 2
=-LI/=-0L 1, ., 1,
2 2 :EL,I,+L,I,IZ+ELZIZ
1 2 2
Loop2:C, &G, :EZZLJklllk
=1 k=1
W,, = JVleldt Generalizing Iy, Iy, I3, ... Iy,
L . 18
=L21|1J.0 d'z Wm:EZZijIjIk
j=1 k=1
= L'n Il Io
— T 50
Electromagnetic
Consider K" loop of N coupled loops
dw, =V,idt "
: 1
=idg, W, == 1,®,
dw k=1
V, = —k N
dt O, = Z Lyl

Magnetic energy
N N
aw,, =Y dw, =i dg,
k=1 k=1

Total magnetic energy ik =al, ¢ =a®,

W, = [aw, :ZN:Ik(DkL:ada
k=1

" [t ke 3

12/18/2016
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6-12.1 Wm in terms of Field Quantities Hh ST LT O
®, =, B-ads;=§ A-ds, ST VxH =) VxA=B

n _ = A-J=H-B-V-(AxH
Wm:%kach A-dr, | (Aot
N ~ W, == (H-B)av
Al de, = 3(aa)ds, = TAy, 2%
. 1§ (A a.ds
N aolo, Ay, — dv _Eés'(AX H)-a,ds
W, :EJ.V' A-Jdv' All space
Vector identity lim l%)l‘2 -0
o - o N o ol
V- (AxB)=B-(VxA)-A-(VxB) o
AR wmzlj (H-B)av'
it A=A;B=H 20
= A-(VxB)=H-(VxA)-V-(AxH)
ﬁ/ [ ENA TR Heng-Ming Hsu 61

Electromagnetic
lp = 5 Magnetic energy density Wm
W, ==[ (H-B)dv' 9 oy density
29
_ B ,
H=2 W, = [ W,dv
u v
- = B> 1
LB 4 W,=—H-B=——=—uH’
w, =], s "2 u 2
or
W, = uHav L=
mo 2.[/'” 1?
cf.
L .
W, 77L,(E -D)dv
1 e, 1 D>,
W, 75]1 eE*dv 75-[v —av
— T 62
Electromagnetic
Ex 6-20 (Ref. Ex 6-16)
Whn in inner conductor Wn between inner & outer
. A
wy, “5a b B; 27rdr W/, 7270J'a B; 27rdr
_ ”"';rr’dr L
4za*h 4z hr
Al :MIH(R)
167 4z a
s 2 , Hy M b
Hence, L =|7(Wm, +sz):8—,‘;+2—7‘;ln(g]
- «
e
v 4 R
" [t ke 3 63
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Electromagnetic

6-13 Magnetic forces & Torques

n=QuxB v, = Edc=u8d

=B,4, ; J=J,4, =Nqu

i

electron move toward to x-dir.
Creating a transverse Efield. E,
Steady state, net force is Zero. IB —_—

E,+0xB=0

E,=-0xB ; Hall effect.

E, : Hall feild.

N -type:d =-u,a,
=—{(-u)a,)<B,4, =u,B,

m

h

12/18/2016
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Electromagnetic

6-13.2 Force & Torques

dFm:I|d|><B ~=L|295 d|AZ><am|
B@ P o4r Y w2
- diy(dlyay,)
o IS R R
szlsﬁdle
¢ ) 11 dl (dl 'a‘li’)l)
e m—z¢@ ik
21

-E, = F, :Newton 3 Law

O
@

_[dll ><(d|2 Xa‘_li’.’l)] = dlz X(dll Xaﬂm)

B G 00, O 0 el
~f.deg, dig -0

NP & (dl ol ) | =
el == @cl@cz )mg]{ 2 =-F,

ay,, =-ay, , Newton 3" Law Hold

B,, : 1, source
E, :1, field
Fﬂ:Il(ﬁ“dlleﬂ 65
" PR TS 3 Heng-Ming Hsu 65
Electromagnetic
Vector triple product
dIAl X(dI’; Xaﬂm) dl (dl 'avm) avm(dl 'dl 5)
SRuZ Ry ’ ER21
1™ term

66.

— [ Eak Y d Heng-Ming Hsu

66
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Electromagnetic

Ex6-21
fl; force on wire 2 ‘1|‘
—t o~ Iy : ‘I;
E =1,(a,xB,,) L. : .
B,, source at wirel(l,) Fii ! Fiz
SR | I N
- —~ | e o)
B, =-a, a #
27d .
B ol AN
F, =—-g &£012
? Y 27d
Attraction

[Same polarity of current |, &I, ]

5:

12/18/2016

i e T Heng-Ming Hsu

67

ib)

FIGURE 6-30
A circular loop in a uniform magnetic field B = B, + B,

o]

T expand loop 6-30(a)
= = = no net force to more loop
B=B, +

os]

B, : produce on upward force dF; on dlI,
downward force dF, on dI,
dF = —dF,

68

w—— [ EXA. T Heng-Ming Hsu

68

Electromagnetic

dT= a,(dF)2bsin ¢
= a,(IdIB, sin #)2bsin
= 3,21b°B, sin’ ¢d g
dF=|dF| =[dF,| ; dI =|dI,|=|dI,|=bd¢
T=[dT =a,21b’B, [ "sin’ gdg
=a,l(7b")B,

69

—— [t ke 3 Heng-Ming Hsu

69
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Electromagnetic

Magnetic dipole moment
m=a,l(zb’)=a,IS
Hence,

T=mxR

(8} Perspective view

‘/ [ ENA TR Heng-Ming Hsu 70

oDC-motor
oTorque rotates at clockwise + X-dir

b} Schemutic view from -+ direction.

12/18/2016

Ex6—22 Electromagnetic

E:a;BZ ;E:£8x+gy8y

BT, produes the following forces

T,=albbB, [F&F]
-E:_é\ylbleBx ;[Ez&ﬁ]

?"'Ty = Iblbz(axBy _ayB )

" TEE e )

Electromagnetic

o Constant Flux Linkages
[Source Spply No energy]
F,dl =—dW, =—(WW,)-dl
Fy =-W,

rotate about z-axis

aw,
(Tm)z - a¢

6—13.3 Forces and Torques in terms of Wm

o Constant Currents
[Current sorce — increase Wm]
dW, =dW +dw,,

SW.(OFF) S.W.(ON)

g_zv —\ system
I

2

- L‘ﬁ e Heng-Ming Hsu 72
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Ex6 —23 Electromagnetic

o Constant Current
o Contant Flux

B2 W, BUTE Core : Re
AW, =d(W, ), =2(—Sdy) .
Ho P=——— 2Gap:2L
_e mwz(is) S
S -
X No N
Fmay oy 5 @ L= y
Y s Her2( )
F_p A - 1 N

' -.l I:aYTlTy**ayufs[iy ]
02 Ret2(——
o i e

12/18/2016

{ 1 “ ) o
| I 2 2 v | = —;iy —
| o% | 1S
1 *
L] g LE
: T
T v
N 4 H
- —— o
———— [ ENA TR Heng-Ming Hsu 73

Electromagnetic

(6—13.4)force and toraues

in terms of mutual inductance

Two coils Wm:1L1I12+L12I1I2+%L2I22

2
Conotant currents

L oL Conotant ¢
F=11,(VL,)
alL,,

M), =11, o¢

4

" T

Heng-Ming Hsu 74

Electromagnetic

Ex6-24 I, :source [Ex6-7,p239]

rm:éw #(ANII;bIZ sinf = éw lIDNIIlbIMb;
4R 4z 7"

2y 2
®,=¢ Asedl = ,[L Apb,dg = £NLb, bzz -
2 o 12 A
276,75
A= N, @, _ HgNN,7b’b,*
12

B 2[zz+bf]%

B =11, 9
az

Z=d
. 22
o ——aal L, 3;40N,N27rbl;2 d
2d>+b,Y?
d>b, ; m=N,l,zb’> ;m,=N,l,zb,’

— 3 .
—a, L attraction

[l [k i ]

Heng-Ming Hsu 75
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Electromagnetic

Home Work #6

David Cheng: Chapter6

P6-2, P6-4, P6-5, P6-6, P6-10,P6-11,P6-12
P6-13,P6-15,P6-18,P6-19,P6-22,P6-26,

P6-27,P6-29,P6-32,P6-37,P6-38,P6-39,
P6-40,P6-41,P6-42,P6-43,P6-44,P6-46,
P6-50,P6-53

Due: 2 weeks

12/18/2016
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