'PROBLEM 6.3

Find the force of attraction between two magnetic dipoles, m; and
m,, oriented as shown in the figure, a distance r apart,

(@) using [ =2nIRBcosl (6.2)
and

(b)  using F:v(ﬁi-q) (6.3)
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PROBLEM %] Every magnetic dipole is associated
IDENTIFY with a current loop (radius R, current 1 ) %
relevant i=1|di=1Id (5.84) /F

concepts = m=IR’n \OQ{

Magnetic field due to a magnetic dipole
is nonuniform, and the magnitude of

the force acting on the current loop
associated with another dipole: F=2r !RB cos (6.2)

Magnetic field of a dipole
in coordinate-free form - 1

(Problem 5.33) B, (7)=2—[3(m-#)p —m] (5.87)
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Force acting on a magnetic ™ ( = ) ( )
dipole in a magnetic field F = Vim B 63



PROBLEM 6.3
SET UP — ~
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PROBLEM 6.3a TS
EXECUTE (cont.) cosg =" "3 3m,singcosg
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PROBLEM &Y - —=(. =
EXECUTE F:V( 'B) (6-3)
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'PROBLEM 6.12
An infinitely long cylinder of radius R, carries a “frozen-in’
magnetization, parallel to the axis

M =ks2

where k is a constant and s is the distance from the axis;
there is no free current anywhere. Find the magnetic field
inside and outside the cylinder by two different methods:

(a) As in Sect. 6.2, locate all the bound currents, and calculate
the field they produce.

(b) Use Ampere’s law (in the form of Eq. 6.20) to find H and
then get B from Eq. 6.18.



PROBLEM 6.12
IDENTIFY

relevant

concepts

C_‘.B di - luO]encl - lu()

Bound Currents {

surface K,

Ampere’s law for bound currents:

amperian loop

[J,-da+

loop area

Ampere’s law in magnetized materials:

(j‘H . dl =1 free encl
amperian loop
I
H=—B-M

Ho

(6.20)

(6.18)

volume J, =V xM

— M xn

{K,dl

amperian loop



PROBLEM 6.12
SET UP
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'PROBLEM 6.12a
EXECUTE
Amperian loop

Qutside:

No currents outside of the cylinder —>

Inside:

C_“Edi :B(S)l — luO[encl :luO

B

= ()

outside

Idea+Kbl

| amp.loop

= 11, [~ kI(R — )+ kRl | = 1 Jkls

— Binside :IuOkS 2

10




PROBLEM 6.12b

EXECUTE

={)

No free currents [

free encl

Amperian loop: Cj-ﬁdi — H| = ﬂolﬁeeend =

—

- H=0 = B=uM

Outside: M =0 = Eoutsi g = 0
Inside:
M=ks:2 = B, .. =MksZ



PROBLEM 6.16

A coaxial cable consists of two very long cylindrical tubes, separated by linear
insulating material of magnetic susceptibility ¥, .

A current / flows down the inner conductor and returns along the outer one;
in each case the current distributes itself uniformly over the surface. Find the
magnetic field in the region between the tubes. As a check, calculate

magnetization and the bound currents, and confirm that (together, of course,
with the free currents) they generate the correct field.
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PROBLEM 6.16 Ampere’s law:

IDENTIFY a.ql =7 6.20
relevant CJ f endl (6:20)
concepts -
(j‘B dl — luO[tot encl
Magnetic field in linear media:
B=u,(1+x,)H  (6.30)
volume J, = VxM
Bound Currents < . .
surface K, =M xn
SET UP & EXECUTE
. = . I =
Cj‘I{.dl:Ifencl:I — H:_¢
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PROBLEM 6.16 B=u,(1+y )H =pu,(1+y,) ¢
SET UP & EXECUTE o
H = ¢

27T S
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Jb =VxM = _—(SM¢)2 = (Sm)f =0
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EVALUATE For an amperian loop between the cylinders:
Lvent =1 pen + |10+ K,di=1+0+ ;"—7;:2@ =(1+ g,

(j'é . di = H Oltot encl — Mo (1 + X i )[
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