CHAPTER 4 PROBLEMS and ANSWERS

Problem (4.1).
A current | anmps flows in the inner conductor of an
infinitely long co-axial line and returns via the outer
conductor. The radius of the inner conductor is a, and b and
c are the inner and outer radii of the outer conductor (see
the sketch). The current density is uniformin the two
conductors. Calculate the magnetic flux density in al
regi ons. The nagnetization density can be set equal to zero

ever ywher e.




Answer (4.1).
Thi s problemexhibits cylindrical symetry so that it is
ideal for an application of Stokes' theorem Let z be the

direction along the cable. Then there is only a conponent A,

of the vector potential ( A = “ol g)dL ). Moreover, by

symmetry A, cannot depend upon the angle g, nor can it depend

upon z (infinite wre).

VA= A(r).
In cylindrical co-ordinates

~

Gr Gq Uz
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curlA== % o ®  \ B has only a conponent
r 9 Y9 1z y aqconp
A TAq A
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But since there is no magnetization and no ti nme dependence
Curl B = po J¢
\ surfcgi:cuerl B-ds = “Osurf%]ge ds
or %B' L = lJ'Osurfaée'

Apply this to a circle of radius r:

Case (1 r £a Ji = —L§
pa
e () () < ()
Mol
2pa?

So whenr =0 Bqg = 0
when r = a Bg = gg; .



Case (2 afr £0Db

In this case surfégée' ds ° |
\' 2pr By = Wo
_ Mol
Bq = 2pr
Wwenr = a Bg = SBL
Wenr =Db Bq = SBL
Case (3 b £REC

In the outer conductor

|
| Js |

- p(c? - b?)
and the current flowis negative. Therefore this tinme one
has

-0 _Ip(r?z - b?)
Zpqu - p-O_ | p(02 _ bz)

o=bo [ 1o (L-5%)]

So whenr = b By = SBL

Case (4 R3 C

Here 2prBg = Ho(l - 1) © O \ By = 0.

There is no field outside this co-axial cable. Notice that
t he tangential conponent of B is continuous across the

boundari es.



Probl em (4. 2).
Two identical coaxial coils, each of N turns and radius a,
are separated by a distance d as shown in the sketch. A
current flows through each coil so that the fields of the two
coils add at the origin.

(a) Calculate B, at the origin

(b) Show t hat % =0at z =0.
2
(c) Find d such that ddZBZZ —0at z = 0.

Such a configuration is the sinplest systemfor generating a

uni form magnetic field. It is known as a Helmholtz pair.
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y

z=0 4

Coi | #1 Coi | #z

Answer (4.2).

The field of a single coil along its axis is

_ HoNI a2
2 (a2 + z2)3/2




where z is neasured fromthe center of the coil. For the

above pair of coils

5 = HMoNI a2 1 N 1
BRI TP T R f e L
2
(a)At z =0 Bz:HoNl( d2 2 )
[ 7t a2] 3/2
(b 9B -3(z - 9) _ (7 +5
dz [(Z_g)2+a2]5,2 [(Z+g)2+a2]5/2

_ dB; _
Thus at z = 0 dz_o'

@28, .3 ] 3
dz2 [(Z_%)zJ,az]s/z [(z+%)2+a2]5/2

(c)

15(2-%)2 15(z+%)2

+[(Z-g)2+a2]7/2+[(z+g)2+a2]7/2

2 2 2 2
s, 3G +a) - 3G + a2 +15(G) + 15(%)
\'at z =0 5> M 5
dz [%f + a2]7/2
n 6d2 - 6a2 = 6(d2 - a?)
d?B, _ . _
SOdZZ_O if d=a.

Thus for a Helmholtz pair d = a.
The magnetic field strength at the center of the

Hel mholtz pair is given by
B,(0) :% (%)3/2 = 0.716%.



Probl em (4. 3).
A solenoid is 1 nmeter long and it carries 104 turns of wire.
The average radius of the coil is 0.1 nmeters. The coil
carries a current of 10 Amperes.
(a) Calculate the field at the center of the sol enoid.
(b) If the wire of the coil has a cross-sectional area of 106
meters2 cal culate the resistance of the coil. R=rL/A and
for copper r = 2 x 10-8 ohm neters.
(c) How nmuch power is required to produce the magnetic field
of part (a)?
Thi s cal cul ati on explains why iron core nagnets are used to

generate fields of ~ 1 Tesl a.

Answer (4.3).

B,(2) = pole{ . (z + L/2) ] (z - L/2) }

O{z\ +\ (\Z \+\%) 2 @2\ +\ (\Z N \%) 2

N is the nunber of turns/m L the Iength of the coil.

At z =0 Bz(o) = U02N| ” \\I\_\\
OR™+7(L12)2
_ 104 _ L _1 _
Here N = 104/m | = 10 Anps, 5 =5m and R=0.1m
-2

(a) \ Bz(o) = ("2p X 10°9) _ 0.123 Tesla i.e. ~ 103 x earth's

0.01°¥ .25

field!

(b) L = (2pR) (104 = 6.283 x 103 m \ R=125.7 Ohms



(c) For 10 Anmps one would require 1257 Volts and a power = Vi
= 12,570 Watts!! = 12.57 kWatts!

Probl em (4. 4).

A square loop of wire 1 cmon a side carries a current of 2

Anper es.

(a) Estimate the magnitude of the magnetic field on the axis
of the current loop and 1 neter fromits center. The | oop may
be treated |i ke a point dipole.

(b) Estimate the magnitude and direction of the magnetic
field one meter fromthe center of the loop but at a point in

t he pl ane of the | oop.

Answer (4.4).
The magnetic noment of the loop is My = A = (2)(10-4) Anp n?.

_Ho [ 3(mn)r m]
I\bW B—4p r5 _r3

(a) On the axis of the dipole mr = Mr

2
So B :(ZB) (r'\éb = 4 x 1011 Tesla

(The earth's field is ~ 104 Tesla so this is very weak).

(b) On the equatorial plane mr =0

N
I
55

ES

= -2 x 10-11 Tesl a

©
—
w



Directed opposite to the dipol e nonent.

Problem (4.5). Calculate the magnetic field along the z-axis of a

Answer (4.5).

square coil which carries a current of | Anps (see the

sket ch).

Yi
(-LLD < (L D)
A
.Z ?
vl Anps
(_L’_L) - (L1-L)

Each side of the square is 2L neters | ong.

Along the axis of the coil there will be only a z-

conponent of nmagnetic field by symetry. In order to
get the total field it is only necessary to calcul ate
the z-conponent of the field generated by one side of

the coil and then multiply by four. Consider the right

hand si de.



Let dL = dyly at (L,y).

The position of the elenent of length, dL, is specified

by r where r = LUyx + yUy. The position of the point of
observation along the z-axis is specified by R= zUj.

Ther ef or e,

(Rr) = -Llx - yuy + zU; ,

and

|R-r| = QL2+y2+22 |

Fromthe | aw of Bi ot-Savard one obtains

_m dL" (Rr)
B! rrpe
from whi ch
B, = 10 Ldy

4p ( L2+y2+22) 32"

and
2
BZ = 4® | 2L .
P (z2412) 24212

This nmust be multiplied by 4x because the coil has four

si des:
2l L2
B:(z) = rg) o
(z2+L2) (r2+2L2
At z=0 B,(0) = % "2%' = 0.9003 ?LL' .

Thi s val ue can be conpared with B;(0)= r;% for a

circular coil.
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Problem (4.6). (a)How far apart should two square coils be nmounted in

order to obtain as honbgeneous as possible a magnetic

field? See the sketch
X A

2d

I
|

z=-d z=d

2
( One wants %:? =0 at the center of the coil system

Wth a little thought one can convince onesel f that at

2
z=0 the quantity %;? is exactly the same for each
coil, so that the work of differentiation can be

reduced by a factor two.)

(b) COver what distance along the z-axis will the field
deviate by less than 1% fromthe field at the center of
the coil systemif L= 1 meter?

Such square coils are often nore convenient to build
than circular coils if the earth's nmagnetic field is to

be cancell ed over a | arge vol une.



Answer (4.6).

11
(a)Fromthe results of Problen(3.5) one can wite

2
Bz(z) = anLL (y1 + yz), wher e
_ 1
y1 = R
( (z+d)2+L2) ( (z+d)2+2L2)
1
and y2 = :
((z-dy2+12) ((z-d)2+212) V2
dy1 - (z+d) ( 3(z+d) 2+5L2)
dz ~ 2 372 + and
( (z+d) 2+L2) “( (z+d)2+2L2)
dy, - (z-d) ( 3(z-d)2+5L2)
dz 3/2

((z-d)2+12) °( (z- d) 2+2L2)

Note that at z=0 g%(yl + yo2) °0; the field gradient

vani shes by symetry.

d2y; N
4,2 - D wher e

N = - ((9(z+d) 2+5L2) ( (z+d)2+L2) ( (z+d)2+2L2)
+( 12(z+d) 4+20L2( z+d) 2) ( (z+d)2+2L2)
+( 9(z+d) 4+15L2( z+d) 2) ( (z+d)2+L2) and

D= ((z+d)2+12) °( (z+d)2+212) ¥'?
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d2y, _ d2y»

AL 2=0 dz2 = dz2

so that for optimumuniformty W

require the nunerator in the second derivative to

vani sh at z=0. This condition gives

hé + 3h4 + 8&61gh2 - aég = 0, (1)

where h= (d/L). The solution is % = 0. 5445057 (see the

figure below. The coils should be placed 2d= 1. 0890L

apart.

Square Helmholtz Pair
Numerator
1.7

0.6T

0.2t d/L

-0.6T

(b) The sinplest way to exam ne the honogeneity is to plot

the field function:
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B,(2) 2myl = 1 4 1 9
PL§ ((z+h)2+1) OX 23242 ((z-h)2+1) BXZ°R)2¥2 3
where z= (z/L) and where h= (d/L)= 0.5445057. At the
center of the coil system
Bz(0) = ZSEI (1.017958) Tesl as.
Helmholtz Pair
Field
1.01T
1.
0.99T
0.98T

0.1 0.2 0.3 0.4 \Z 0.5
Distance\z/L

Fromthis graph one finds that the field has decreased
by 1% when (%): 0.344. This neans that the field varies
by | ess than 1% over a central region whose length is
0.688L. It turns out that the field is honbgeneous to

wthin 1% w thin a vol une whose dianeter is 0.688L
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i.e. within the sphere whose dianeter is ~68 cmif L=1

et er.

Problem (4.7). Consider a square |loop of wire lying in the xy-pl ane
as shown in the sketch. The |l oop carries a current of |

anps and is centered on the origin.

y
)
~ i
A
(3) (1)
‘Z ?
Y
|  Anps
_ Y
(4)

(a) Show that the contribution to the vector potential
at a point P(X Y,Z2) fromside (1) has only a y-

conponent and that this conmponent is given by

aoo= Ml BY-(202) - QX 2TV 3 2) %22
yl = 4p ng

2NN ANAVOY Y I, N A ANV

Y+(al 2) - QO X al 2) 2+ Y¥al 2) 2+ 22

Q1O
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(b) Show that the contribution to the vector potential

at a point P(X Y,2) fromside (3) has only a y-

conponent and that this conponent is given by

ml Ing’\(-(a/ 2) - X X¥a/ 2) 2R Y2 4/ )2 22 ©

<
+
—_
QD
-
N
N7
1
X
Q~
\/
N,
~
N
A
Y
iy
Qs
~
N,
v/
_t?
N
N
Q|- 1O

(c) Show that the contribution to the vector potential
at a point P(X Y,2) fromside (2) has only an x-

conponent and that this conponent is given by

RANEN

ml | Ex (a1 2) - LUK A 2) A YV 4/ 2) 2422
% X+(al 2) - QO X¥al 2) 21 Y- al 2) 2+ 22

Q1O

(d) Show that the contribution to the vector potential
at a point P(X Y,2) fromside (4) has only an x-

conponent and that this conponent is given by

A, = M Ex-(al2)-OIX al2) 24 Y¥al 2)24 22
X4 — 4p ng

\\\\\\\

X+(al 2) - QO X¥al 2) 2+ Y¥al 2) 2+ 22

Q1O

(e) Now consider the point P(X 0,2Z) which is specified
by the vector R= Xiy + Zi, . Show that



+ a O ) a
= \ \ \ A -_ =~ \ \ \ 3A
2(:)X-a/2)2+7r+22 - 2(:)x}a/2)2+7f+22

AV i 7ﬁ; o 1 - a - 1+ a

=~ \ \ \_ LA - R = \ \ \ A
2Ox- al2) 245422 2Ox+a/ 2) 2+% +22

S8 °

In the linit as a/ RRO, where R=OX2+72, the expression

for Ay can be shown to go to the limt

- MlaZ X _ M amXo
4p &35 4 ER G

Ay

where n}= 1 a2 Anp-neters2. This is just the x-conponent

of the expression A= ;- —~ , the dipole vector

potenti al .

Answer (4.7). W shall show the calculation for side (1). The
procedure for the other three sides is very simlar.

For side (1) the elenment of length is given by
dL = dyly .

This element is located at r = %ﬁx +yly . The point of
observation is located at R = Xix + Yuy + Z0, ,

therefore

Rr = (X%9)0x + (Y-y)ly + Z0i; .
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The length of this line is given by

IR = OXDTHY-Y)2+22 .

The contribution to the vector potential at P has only

a y-conponent because the current elenent has only a y-

conmponent :
dAy = M dy , and
4p —~ NaN N N N\ )
Ox-é) 23 (Y-V) 2422
I al 2
Ay = Tio § . W :
Y A 2% (V- V) 2422
3O D H-Y)
-al 2
This is a standard integral; it can be witten
A = ol InaeY-(a/ 2) - O X al2)y2+ (Y- &l 2) 2+ 72 g
A gw( al 2) - QXX ar2y 2 Y+a/ 2)2+22 3

(e) The expansion for Ay inthe limt of (a/R®O0 can
be carried out as follows: ( it is convenient to use

the notation

= \ \ \ A = \ \ \ 2
Ox- al2) 242472 = 02+22- axtd = R,
and



Probl em (4. 8).

18

L) 3 L) 2
Oxla/\z)‘ 248472 = 02122\+§x% =R .)
a a ..
X1 + 2RI (1 - 5R) Sz_
'n a a, +
(1- )1+ 5R) g
a a a a
=1In(1 +55)+n(1 - éﬁa)-ln(l - 5r) - In(1 + Q?E)'
Expand to first order in small quantities:
= a a
*R "R

since (a/R) and (a/Ry) are very small. One can finally

wite
where R= DX2*+°22
It follows fromthis that to first order in small

quantities

A short cylindrical solenoid has a radius of R= 5x10-2

meters and a length of L= 5x10-2 neters.

It is wound



Answer (4.8).

19
with N= 8x104 turns/nmeter, and the windings carry a

current of I= 10 Anps.

(a) What is the nmagnetic field at the center of the
sol enoi d?

(b) What is the magnetic field strength on the axis of

the solenoid but at the end face (z=L/2)?

The magnetic field along the axis of a short sol enoid

is given by (z is neasured fromthe sol enoid center)

_ MmN & (z + L/2) (L/'2 - z) 0

Bz(z) = 2 e o T T
§ OYZI/ VR OX2L/2)24Re 2
(A 250 By(0) = o0 L
QL72)2+RrR2
For this problen1ﬂ%?[ = 0. 503 Tesl as.
Therefore B;(0)= 0.450 Tesl as.
(b)At z= L/ 2= 2.5%x10-2 neters:
B,(L/2) = m?le e L 9_9 707 ?‘)ZN'%= 0.356 Tesl as.
§ 02 5

Problem (4.9). A short cylindrical disc has a radius of R= 5x10-2

meters and a length of L= 5x10-2 neters. It is

uni formy magneti zed; the magnetization density is



Answer (4.9).

20
parallel with the axis of the disc, the z-axis, and the

magnet i zation has the val ue My= 0. 955x106 Anps/ neter.
(a) Wiat is the nagnetic field at the center of the

di sc?

(b) What is the nmagnetic field strength on the axis of

the disc but at the end face (z=L/2)?

The magnetic field distribution generated by a
uni formy magneti zed disc is the sane as that generated
by the w ndings of a short solenoid. The nagnetic field

along the axis of a short solenoid is given by

z + L/2) + (L/2 - 2)
ZI/2)Y2vR2 O Z7 L/ 2)2+R2

Bz(z) = m)ZNl g(j(

Q11O

It is only necessary to replace the product NIl in this

fornmul a by the magnetization M.

MM L

(a)At z=0 B(0) = 5 QU

For this problen1n%?b = 0. 600 Tesl as.

Therefore B,(0)= 0.537 Tesl as.

(b)At z= L/2= 2.5x10-2 neters:

M

MM = 0. 707 % )

& L
2 fanr

|-O:
I-O:

- = 0.424 Tesl as.

By(L/2) =

N
S
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Probl em (4. 10).
G ven a sphere which is uniformy polarized al ong the z-

directioni.e. Mp = My Anmps/neter.

(a) What is Hinside the sphere?

(b) What is B inside the sphere?

(c) What is the value of B, on the axis of the sphere but
just outside the surface of the sphere?

(d) What is the value of Hjust outside the equator of the
sphere?

(e) A neutron star is typically an object 104 neters in

di anmeter having the density of nuclear matter (~ 1021 kg/nd).
The maxi mum nmagnetic field at its surface is estimated to be
108 Tesla. Wiat is its average nagnetization density, M?
(f) A neutron has a nmass of 1.68 x 10-27 kg. From(e) what is

t he average nagnetic nonent of a neutron in a neutron star?

Answer (4.10).

(a) The demagnetizing factor for a sphere is 1/3.
Therefore H, = -

73
3
(D) By = to(Hy + M) = 3 koMb |

(c) Fromdiv B =0 The normal conponent of B nust
be continuous \ B, = % HoMy

(d) Fromcurl H=0 (there are no currents) the tangentia

conmponent of H nust be continuous across the surface of the

sphere. It follows that H,= - %? Anps/ neter at the equator
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just outside the sphere. Fromthe fact that M has no

conponent nornmal to the surface of the sphere at the equator
it follows that the normal conponent of H nust be continuous
across the surface of the sphere at its equator and therefore
H has only a z-conponent just outside the sphere on the
equator. Al so on the equator just outside the sphere

B; = _Aﬂ%yb . The tangential conponent of B is discontinuous.

(e) % UM, = 108 Tesl as.

\' M = 1.19 x 1014 Anps/m (i.e. Large!!)

1021

() The nunber of neutrons/nd = 168 x 10-27

= 5.95 x

1047
11.9 x 1013
5.95 x 1047

\ < puy > = = 2.0x10-34 Anp n¥

The neutron magnetic nmonent is 9.7 x 10-27 Anp n?

so that on average only 2 x 10-8 of a neutron is aligned.

Problem (4.11). The material of a very long, hollow, rod is uniformy
magneti zed as shown in the sketch. (A though the rod is
shown as having a finite length in the sketch, it is

supposed to be infinitely |ong).
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Answer (4.11).

IVZ:0
- N\o
V,=0
e
Z
B \o
IVZZO

(a) Wiat is the value of the magnetic field B outside
t he rod?

(b) What is the value of the magnetic fields H B in the
central holl ow regi on where M=0?

(c) What are the values of BHin the material of the

rod where the magnetization is M?

By superposition this problemcan be reduced to the
probl em of nested sol enoi ds. The outer surface
di scontinuity in the tangential conponent of Mis
equi valent to a solenoid for which Nl= M. This current
sheet produces a field By;= npMy. The inner surface

di scontinuity in the tangential conponent of Mis

M.
(a) Qutside the rod the fields B, H are both zero.

equi valent to a solenoid for which NI = -
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(b) I'n the hollow region the fields due to the two

current sheets cancel so that B= H= 0.

(c) In the region between the two current sheets the B

field is that due to the outer current sheet; By,= myM.
But by definition, B,= my(Hy + M), and therefore H,=0.
Thus H= 0 everywhere because there are no real currents

and no magnetic charge density to generate an Hfield.

Problem (4.12). An infinitely long rod is uniformy nagnetized except
for a disc shaped cavity shown shaded in the figure.
Inside the cavity the nmagneti zation is zero.
What is the nmagnetic field strength at the center of

the cavity?

—>d|<—

Answer (4.12). This problemcan be worked as the superposition of
a uniformy nmagnetized, infinitely long rod plus a
uni formy magneti zed disc, but for the disc M= - M.
For the uniformrod By= MM

Al ong the axis of the disc
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MM z +dl2) . (dl2-2) ©

B,(2) = 2
Z - T o L. :
2 O BUNTR O LUHR 5

and at z=0

_ mM
7O T Ny

The total field at the center of the disc will be

d 0
20001 2) 2+R2

B,(0) = MM gl .

Inthelimt (d/R®0 the field at the center of the

cavity is just Bp= nmpM.

Problem (4.13). A uniformy magnetized ellipsoid possesses
magneti zati on conponents
M = 2x10° Anps/ neter,
M, = 2x10° Anps/neter,
M, = 4x10° Anps/ neter,
when referred to the principle axes of the ellipsoid.
Demagneti zing coefficients for the ellipsoid are
Ny = 0.2,
N, = 0.3.
(a) Calculate the conponents of Hinside the ellipsoid.
(b) Calculate the conponents of B inside the ellipsoid.

(c) Calculate the angle between B and M



Answer (4.13). The demagneti zi ng coefficients obey the sumrule
Ne + N + N = 1.

For this problem

Ny = 0. 20,
N, = 0. 30,
N, = 0. 50.
(a) Hq« = - N¢ M = -0.40x105 Anps/ neter.
H =- N M = -0.60x10> Anps/neter.
H = - N M = -2.00x10° Anps/ neter.
(b) B=m(H+ M, therefore
Bx = my( Hy + M) = 0.201 Tesl as.
By = m( H + M) = 0.176 Tesl as.
B, = my( H + M) = 0.251 Tesl as.
(c) B-M= |Bl|M Cosg;

|M = 4.899x10°> Anps/ neter,
| Bl = 0.367 Tesl as,

MBx + MBy + MB; _ 1.758 _
|M B “ = (4.899) (. 3667) - 0-9786.

Cosq

So q 11.9°.
Probl em (4. 14)
A very large disc whose radius is infinite is magnetized

along its normal as shown in the figure.

26
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Cavity
>
Z
L
«———>

(a) Wiat is Hin the disc?

(b) Wiat is H outside the disc?

(c) Wiat is B inside the sl ab?

(d) A spherical cavity is cut out of the material of the
disc. Use the principle of superposition to calculate the

magnetic field Bin the cavity.

Answer (4.14)
(a) The denmagnetizing factor for the direction along the disc

normal is N, = 1. Therefore H, = - M .

(b) CQutside the disc the field is zero by analogy wth the
equi val ent electrostatic problemi.e. two infinite

charge sheets
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%
al

+
=3

B D ——

+H++++++H++++++

H,= 0 out si de

(c) Bz = ko (H + M) °0.

(d) I'nside a uniformy polarized sphere B; = 5 HUoM.

2
- 3 HoM so

win

Therefore in the cavity one nust have B,

that the sumof the two fields gives zero when the

sphere is put into the hole.

Probl em (4. 15)
A very long cylinder of magnetic material has a radius R
The axis of the cylinder lies along the z-axis. The
magnet i zati on depends upon the distance fromthe cylinder
axi s:

M = M(r/R Anps/neter.
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(a) Calculate the effective current density curl M both

i nside and outside the cylinder.

(b) Note that there is an effective surface current density
on the surface of the cylinder due to the discontinuity in

t he tangential conponent of the magnetization. Calculate this
surface current density, Js.

(c) Calculate the radial dependence of the magnetic field in

t he cyli nder.

Answer (4.15)

g

1
8

Ur rlq Uz
= il = |-
curlM T 0 0 ar ,
0O 0 M
(There is no angul ar or z dependence).
_ ™ _ . . -
(a) \ Jgq=- W My/ R i e. independent of position.
(b) At the outer surface there is a discontinuity in the
tangential conponent of M Use Stokes' theoremto obtain
the effective surface current density:

Jp = curl M
\ ds = @urlMds = %MdL

b.
sur f ace surface

Apply this to the | oop shown bel ow



(c)
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here M ° O
-
b
—_—
- L - M

Current thru the loop dp.ds = JsL

Js is the effective surface current density.

QMdL = ML

\ JsL = ML

or Js = M Ams/m

Cal cul ate the field along the axis of the cylinder. By
symmetry there is only a z-conponent which is

i ndependent of z. The uniformeffective current density,

Mo

R @ can be treated |ike a nested solenoid problemin

order to calculate the nagnetic field along the cylinder
axi s.
The effective current sheet strength is

N = - ( ﬁg) dr Anps/ m

Thi s produces the solenoid field contribution

de = - Mo (NRb) dr.

Integrate fromr = 0tor =R B; = - WM Tesla.
However, this is just cancelled by the surface current

sheet which produces B; = pM Tesl a.
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\ Onthe axis B, ° 0.

Now use curl B = Mo curlM

or %B-dL = Ho C(MdL and integrate around the | oop

shown in the figure:

—_—  » (1)

— By(r)

b
—g o
z
NZ =0
BZ =0

fromwhich B, = yoM

V' By(r) = HoM(r/R)
and H, © 0 everywhere.

Probl em (4. 16).

A permanent magnet is forned in the shape of a dough- nut
having an inner radius a neters and an outer radius of b
nmeters (see the figure). The magneti zation density has the
conponents M=0, M= My, M=0 in cylindrical polar co-

ordi nates, where My is constant.
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(a) Calculate the field H everywhere.
(Answ. di vM=0 everywhere, and there are no free
currents. Therefore there are no sources for H

and cosequently H=0 everywhere.)

(b) Suppose that a gap d nmeters wide is opened in the ring as
shown in the figure. Calculate the field B at the center of

t he gap.

d 9 Tesl as.)

(Answ Bo= m’“’b? - O b a) 2+d25

Answer (4.16).
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A uni form magnetic charge density will appear on the faces of

the cut due to the discontinuity in M The surface charge
density on the left hand face is +My/ n®; the surface charge
density on the right hand face is -M/n?. These charge

distributions produce a field at the gap center given by

_Md R 1
P = 74~ grar (r2+(d/2)2)3/2"
where R= (b-a)/2.
d
Ho=M (1 - —( =
( CX b &) 2+d2

Bo= NMpHy directed along My, ie along -x in the above figure.
Thi s problemcan al so be solved by treating the nagneti zed
plug removed fromthe gap as a short solenoid: for a short
solenoid of radius R= (b-a)/2 and of length d the field at

its center is given by

B= - MM d
2 B/ R(dIY)?)

This field plus the gap field, BS nmust equal the field in

the gapless ring, - NMyMy, by superposition. Therefore

-O:

B)((;:' ”bwbg' d/2 == - rrbl\/bg_‘[_

Q! 2) 2+R2



t he sane answer as above.
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