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Magnetic Forces (1)

Magnetic force:

F.=quxB (N)
Hall effect:
For an n-type semiconductor:
B=a,B, gl |
J=a,J,=Nqu <« q=-¢ o Pt s 10 s it 5
—> Fret steaqy =QUxB +0E, =0

— E, =—uxB — Halleffect
=—(-a,Uy)xa,B,
=au,B, <« Hall field
—> V, = fod E,dx=u,B,d <« Hallvoltage
— E,/J,B, =1/Nq < Hall coefficient — To determine N

What if for a p-type semiconductor?
— V, will be reversed.



Magnetic Forces (2)

Magnetic force on the differential length element dl:
dF, = NgS|dljuxB

— dF, =1dIxB (N) —dl along the direction of|

N Fm:|§cd|><|3 (N)

For two circuits carrying current |, and | “Biot-Savart law”
—F,, =1, d|1><821 < lezluOI2§ dIZXZaR21
Cy 4 C. R,
- E—F 3 _Ho § § dl, x (dl, xay ) (N)
21— T2 A 172 )c, Je, R221
— Ampeére’s law of force

Newton’s third law —F, =1, dl2 xB,,
of action and reaction C2
dl, x(dl, xag )
12

:2’—; |2|1§CZ SEcl = (N)




Magnetic Forces (3)

For two circuits carrying current |, and |
,Uo dl, x(dl; xa )

1] §C2 SEcl =2 (N)
dl, x(dl, xa; )

F ——°I I 2~ (N)
SV 2§Cl §Cz R221 Recall- “back-cab’ rule
dl, x (dl, xa, ) (ﬂ\(d\,\a ) 2, (dl,-dl,)
_) 21
Ry Ry Ry
dl dI -Ag dl. -a
jg i; ( ) dl, § (dl, 2R21)
C, 9C, C, C, R21
Newton’s third law — d| ) d|1.[_v1 1]] -0
of action and reaction Ry
Fiadl a, (dl, dI Recall:
verified. N F21:_&|1|2§ § ( ! ) eca
Vi¥s C, G, R21 < VX(VV) 0
ﬂ ar (dl,-dl,)
> o | I Sgcl §CZ Y ’1
12



Example 6-21

For two parallel current-carrying wires:
F12 /
1 =F, =1,(a,xBy,)
2

o,

X

» — B,=-2a <« Ampeére’s circuital law

Holily (N/m)

|
i : . i » 4 —_
, —> Flz——ay Py

— Attraction for currents in the same direction

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. % Repulsion for Curren tS /'n Opp05/'te d/’l’ectl’ons



Magnetic Forces and Torques

Magnetic flux density: t ; £ B4
B=B, +B, s \/\ )
(Bu =85 Q \ } T
-’

Fo rce S O n t h e I O O p: | | D. K. Cheng, Field and W‘ave Electromagnetics, 2nd ed., Addison-Wesley, 1989.
_)F\BL%A — Radial symmetry — No net contribution

— dF oc—a, (upward)

} — Rotational motion
— dF,; o« +a, (downward)
e — Jorque

Torque on the loop:
dT =a,2(dF)bsin ¢
=a,2(1dIB, sing)bsin ¢
=a,2Ib*B, sin’ ¢d¢
N T:de:aXZIbZB,,joﬁsin2¢d¢ =a,l(7?*)B,
:mXB (N’IT]) °



Forces and Torques - Stored Magnetic Energy (1)

Principle of virtual displacement:
Work done by the source

dW, =dW +dW_

Mechanical work Increase in the stored
done by the system magnetic enerqy

System of circuits with constant flux linkage:
Virtual displacementdl with no changes in flux linkages

— No emf — No energy from to the source to the system

— dW, =dW +dW,, =0
Magnetic forces:

dW =F, -dl =—dw_=—(VW,)-dI
— [Fy, =—VW_  (N)

Magnetic torques:

Mo N

_)(TcD)z:_ a¢ 7




Forces and Torques - Stored Magnetic Energy (2)

System of circuits with constant currents:
Virtual displacementdl with constant currents — Flux linkage changed

— Emfinduced — Energy from the source to the system
— dW, =dW +dW_

Magnetic forces:
— dW, = ZIth —ZI d®,
} — dW =dW_

— dW_= ZI dd,

— dW =F, ~d| =dw_=V(w,)-dl
—|F, =VW_ (N)

Magnetic torques:

S, =8;V¢m (N-m)




Force and Torque in Terms of Mutual Inductance

For two circuits with currents |, and |.;:

1 N 1 N N
Wm=§;|k®k:§ZZij|j|k

j=1 k=1
> W, =%L1I12+ L,1.1, +%L2I§

Magnetic force between two circuits:
—|F =11,(VLy,)

Magnetic torque between two circuits:

1, % (N
= (), = L1, o4 (N-m)




Example 6-23

System of circuits with constant flux linkage:
— dW, =d(W,)

air gap

BZ
= 2{ de] Magnetic flux

244, \
OW._ B°S ®°
— F,=-a, =-a, =-a,
oy Ho HoS
System of circuits with constant currents:
—> 0= & = NI
& +2& B +2YIu,S
Magnetic flux linkgage
_Magnetic flux

- W_ =12|kc1>k -1 iNa
24 2

— F, =a an =a E —(DZ 2 =—a CDZ
Ty V2 T " 1S

D. K. Cheng, Field

(N)
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Example 6-24

Force between two coaxial circular coils:

Recall:

2
— A=a HolD

¢ 4R2

sin@ (6-43)

2
—> A, =4, %sin 0

_a ,UoN1|1b12 (b_zj _3 /’lONlllblzbZ

CaR? (R) AR +02) S
W
L . _ ;UoNlllblzbz | T
— O —§C2 Ap,-dl, = 4(22+b22)3/2 §C2 b,d¢ .'f"‘
_ #oN;N,7d by
2(Z2 + b22)3/2
> L _(Dle _,Uol\lll\lzﬂblzbz2 =
27, 2(22+b2)*? “
1 7
31N, N.7zb*b%d et
— F12:az|1|2% =—a,l1, Fo ; : 215/5
d Z YA :d 2 (d + b2 ) D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989.
3u,mm
= —-a Ty e (N) < mllellﬂblz’ m2:N2|2ﬂb§ 11
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