PROBLEM 5.6 PROBLEM 5.6

(a) A phonograph record carries a uniform density of “static m B
electricity” @. If it rotates at angular velocity @. What is the relevant | Volume currentdensity J = pVv (5.26)
surface current density K at a distance 7 from the center? concepts |
(b) A uniformly charged solid sphere, of radius R and total charge
Q, is centered at the origin and spinning at a constant angular

Surface current density K = o v (5.23)

(o and p are mobile surface and volume charge densities)
Kinematics of rotation

: A SET UP & EXECUTE |
velocity @ about the z axis. Find the current density J at any
point (r, 8, ¢) within the sphere. z @ v=wr = K=ov=ocwr
<7 @ T o s
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PROBLEM 5.10 PROBLEM 5.10a Magnetic field of a long straight

) = ol .
(a)Find the force on a square loop placed as shown in IDENTIFY wire carrying current / B= 7— 2
Fig. 5.24(a), near an infinite straight wire. Both the loop relevant (in Cartesian coordinates) <7y
and the wire carry a steady current /. | concepts Force on a segment of

constant current-carrying wire

F.,
(b) Find the force on the triangular loop in Fig. 5.24(b). Force on the square loop £, ZF_
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¥
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PROBLEM 5.10a (cont.) PROBLEM 5.10a (cont.)
EXECUTE (cont.) segment (2):  dl =+dx = EXECUTE (cont.) segment (4): dl=-dx =
] - 3 sl
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PROBLEM 5.10b y
SET UP

Draw coordinate system
(choose position of the

origin to take advantage
of the geometry of the (2)
problem - see Figure)
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PROBLEM 5.10b (cont.)
EXECUTE (cont.)

Isegment (2, com.):
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PROBLEM 5.10b
EXECUTE

= _ml'to wlla,
Fra =5 [89=50%

segment (2):  dl =dxk +dyp =
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PROBLEM 5.10b (cont.)
EXECUTE (cont.)
isegment (3, cont.): s sa s .4
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PROBLEM 5.11

Find the magnetic field at point P on the axis of a tightly wound solenoid
consisting of A turns per unit length wrapped around a cylindrical tube
of radius @ and carrying current / (see Figure 5.25).

Express your answer in terms of 0, and 02 . Consider the turns to be
essentially circular, and use the result of Example 5.6.

What is the field on the axis of an infinite solenoid
(infinite in both directions)?

Lk

Figure 5.25

PROBLEM 5.11

1
IDENTIFY |Magnetic field a distance Z B(z)=£
relevant |above the center of a circular -
concepts |joop of radius R, which carries

a steady current / (Example 5.6)
Also: [ — nldz

R
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B
t




PROBLEM 5.11 . a? EXAMPLE 5.8
0 '~
EXECUTE B(Z) = J'(z—:)ﬂ_zd“ Find the magnetic field of an infinite uniform surface current
a +z

2 E
z=acotd = dz=- ,", dé K=Kk
sin” @ flowing over the xy plane:
sind= a : 1 =sin"9 1z
\/(1:1\—:" (113-!-:2)5/: a'
6y .3 A %
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PROBLEM 5.14
EXAMPLE 5.8 _ A thick slab extending from

z
IDENTIFY | 5()=2 [K0L (5:39) ] ey B reis
e | 5.5 a | mmwae
B.=0 = B=Bj @ oy garnes a unnforrrln volume current ./ —'J X (see fngure below).
nipere'siiaw §1§ di =l . Find the magnetic field B(:) both inside and outside the slab.
Right hand rule S

SETUP] W )

Amperian loop
that cuts through Bnhow * /

the current sheet B / Y
bCIOW —— /
EXECUTE feduty

§B-dl =2Bl= o =Kl foemEm s
e

¥ z<0

(5.56)

PROBLEM 5.14 Ampgre's law_ The carrent PROBLEM 5.14 (cont.) Lanet
(DENTIFY|  §B-dl = [T da = pil | 01303 BY the [EXECUTE (cont.) | = Ble)l=u/lz

relevant

t: 5 { forz<0 at z=0 B=0" s
concepts | 53~ §o B - Example 5.8) -
-J(#x2) for z>0 (Exam = B=pJz(kx2)=—uJ zp for —a<z<+a
SET UP| . — +a
r o For amperian loop larger than the slab cross-section:
1. Draw vertical | 21 | o ],

crosaecton /‘ . .7_’ 5| mdalixd)=—plap forz>+a
2. Draw amperian 75 -a b / \ - l,u,,.l a [.i: x (-~ :)] = uJ ay Jorz<-a
loop / ( ® )

EXECUTE| ! N

For amperian loop shown in the figure:

§l§‘dl—=23:ﬂcos(%)+ i(f_){ + i(?l =B(z)

upper segment  lower segment

S
1w s=segments




PROBLEM 5.16

A large parallel-plate capacitor with uniform surface charge + 0 on the upper

plate and -0 on the lower is moving with a constant speed Vv , as shown
In Figure.

(b) Find the magnetic force per unit area on the upper plate, including its
direction

(c) At what speed Vv would the magnetic force balance the electrical force?

h~

(a)Find the magnetic field between the plates and also above and below them.

SET UP

IDENTIFY
relevant
concepts

Principle of superposition!!

|a

Parallel plate capacitor £ =

[

&

1. Draw coordinate system
2. Draw amperian loop

EXECUTE |

(a) From Example 5.8:

5 K . o K .
B, = ‘T 5 By =
B, =-2%: 5, =25

PROBLEM 5.1 Ampere law

Amperian loop
(See Example 5.8)

Current densitydueto > -
moving surface charge K =gy

Lorentz force law
F=[ (KxB) da (s24)

force pe unit arec

PROBLEM 5.16 (cont.)
EXECUTE (cont.) By =B+ ‘_“ﬂ _ M.’UV (#-%)=0
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+down —down = 5

= 3 o (v ) oV
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PROBLEM 5.22 (cont.) p
SET UP s

1. Draw diagram

- NS
A=¢J‘§(l

- W dzi
A=;§[ 22 45

PROBLEM 5.26

Find the vector potential above and below the plane surface
current in Example 5.8.

From Example 5.8: 1K
IDENTIFY o - 5) %<0
relevant K=Kz = B= WK .
concepts —(’z—y z>0

Magneti victor,
- 4 (K, e
mjﬂém (564) = AR BTVXA
R=R(z) = Ad=A@) |

EXAMPLE 5.11

A spherical shell of radius R, carrying a uniform surface charge
0, is set spinning at angular velocity @. Find the vector potential
it produces at point 7.

a -

PROBLEM 5.22 t.
(cont.) A =4,=0, 4= Als), o4, _ 0
EVALUATE - J o9

T
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B:—ﬂ—l- 1 s _ 1 s }gs
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PROBLEM 5.26
EXECUTE

x y z
= == = H==3
ox oy 0oz oz
A(z) 0 0
- +#}7‘ z<0 +/IZK*+C z<0orz=
B={ 2 = A(z)=
‘—M;Kf/ z>0 #'_',K-+C z>00rz=|

| EXAMPLE 5.11 Magnetic vector potential
IDENTIFY Zzé&jfﬁlbh' (5.64)
relevant 4r’ R
concepts | - -
K=0ov

SET UP

Set up coordinate system so that:
F=r2

&= wsiny X+ ocosy 2

r' = R (spherical shell)

R=vR*+r’—2Rrcosd’

da' = R*sin0d0'dg'




EXAMPLE 5.11 (cont.) Af(;):ﬂj K(F") o Beop
EXECUTE 4’ R

x ¥ 3

'

V=oxr'=| wsiny 0 weosy
Rsin@'cosg’ Rsinf'sing’ Rcosd'

7 = Ro[(~cosysin@'sing')i + (cosysin @' cos g’ —sin y cos6')5 + (siny sin &'sin g')2
A(r)-———o’R mcosu/[‘l'sma(w ][I sin* g’ ]
:/ P+ ri=2Rrcos @
cosw[J'cosodo J[J’ 30 Sode ]
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+—oR'e 2 Y
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EXAMPLE 5.11 (cont.) .
Point 7" inside the sphere:
EXECUTE (cont.)

R>r = |R-r|=R-r

i Ll ‘3};7[(1?: +rt+ Re\R=r)-(R? +r* - RrXR + r)]
= [—2rR -2/ +2R’r + Rr* = RF* ]— 2—’,‘
3R 3R 3R_‘
Point 7 outside the sphere:
R<r = |R-r|=r—R
12 i = 3R [(R +ri+ RrXr - (RJ +r = RrXr+ R)]
= 2R < 2R 4 2P°R 4 1R - R ]_ L2k
3R R 37

EXAMPLE 5.11 (cont.)

EXECUTE (cont.) \
For spherical coordinates (¥, &, ¢):
d=wi=0f = F=rcosfi+rsinfb
i 6 9
G*F=| @ 0 0 =a)rsim9¢3
rcosé rsind 0
= s MR (. .\ u,Roc . 2 "
e e
i 4
|5 N_ MRo . R(oasm& B
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EXAMPLE 5.11 (cont.)
EXECUTE (cont.)

)= - R awsmu/(J» cos@'sin8d6 g
2 k VR + 12 =2Rrcosf
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(Look In the table of Integrals)
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_-T[(R +r7 4+ Rr)R=A=(R* +r* = RP\R+7)]=2

EXAMPLE 5.11 {cont.)

EXECUTE (cont.)
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EXAMPLE 5.1 (cont.) PR TP N P
EVALUATE A1 ) 0T 880, g

= = - 1 é 120 - 5xd=0)
Biite =V X Ay = m[aﬂ (Sm&A,, )jl __’E—(’A (¢ 4 e 0)
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é:cosﬁcosqﬁ.i+cosHsin¢j~—sinH§f ’

= B= %,uoo'Rw_; = %yoURcD
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Inside the sphere, magnetic field does not depend on position!




PROBLEM 5.29

Use the results of Ex. 5.11 to find the field
inside a uniformly charged sphere, of total charge Q and radius
R, which is rotating at a constant angular velocity @.

PROBLEM 5,29 (cont.)
EXECUTE S

outyioe

i= -—-"";"’ rsin 64 7 + £

iy s

. R
p sm.eaj’?dﬁ

smﬂ—smﬁ( o+ R’)j ’r ———[r—smt‘)(Zr - R’))E
rér
Zcosel‘(Zr’ - R’)F-M(Sr“ —R—‘JG%
r r )]

= bcosB(Zr’ + R —sinO(8r - R’)é}

PROBLEM 5.33

: é
mco

0sOF —msin 66

Magnetic field of a dipole at point (r, 9, ¢)

% (2 cos O7 +sin 69)

PROBLEM 5.29 LEFLEEEATRE potnnu.l

inside and outsidea 4, ()= “v”" (6x7)= URoa
IDENTIFY uniformly charged 3
relevant

spherical shell
concepts

(Example 5.11, Eq. 5.57)

Definition of magnetic vector potential B = V x A
Spherical polar coordinates

SET UP |

1. Decompose the sphere into a series
of spherical shells. Then
R

A= [di= [y + [
0 r

o
2. Substitute in Eq. 5.67:

R—>F, o—>pdr, A—dA4

rsin g =

X int 5
A= ; % (axr) AT2T T4

PROBLEM 5.33

Show that the magnetic field of a dipole can be written in
coordinate-free form:

B,,(F)= ﬂ" [3(m P)7 — ] (5.87)

PROBLEM 5.33

EXECUTE Finl
9. 7=0

B(r)— [3(‘ )P~ i)

" I

=&L1 3 i;tcosgi—msinGé)-F f—imcosﬁf—msineé’
4r r

=ﬁ“—i‘[@mcos9—0)f—mcos€i+msin9é]
A

——[3mcos@r mcos(-)r+msm99]

arr

:; 3 (7cosf9r+sm9€)




S RIEEL) Find the magnetic dipole moment of the

spinning spherical shell in Ex. 5.11. Show that for points
r>R

the potential is that of a perfect dipole.

IDENTIFY | Muitipole

pansion of the magnetic vector p
relevant
concepts 1. Monopole term always zero.

2. Dipole term: - /. mxr
Adlp (") = ﬁ’— 2
4T r°

3. Magnetic dipole moment: 7 = IJdﬁ =1q_

az “vector area”
If retation is around z-axis: of current loop

=m

!
1

B

3

PROBLEM 5.36
SET UP

1. Decompose shell .
into rings of radius R sin @

and width Rd6O

Electric charge of the ring
dg = o(2zRsin O)RdO 5

. 2z
Time of one revolution 7' = —
(@]

<_]_>“) Rsing

, b . . RdO

Current in the ring due to rotation 7/ =~ — 5 R sin Hd6

~|&

Magnetic moment of the ring dm = dlq =

iy

awR*sin Bdﬁlfr(R sin 6)‘J

[EXECUTE | m= [dm=coR*[sin’6d0 = ﬁ:“’—;amk‘s

sphere
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X i 51 » 4 si 5
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