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Presentations:

Electromagnetism: History
Electromagnetism: Electr. topics
Electromagnetism: Magn. topics
Electromagnetism: Waves topics
Capacitor filling (complete)
Capacitor filling (partial)
Divergence Theorem

E-field of a thin long charged wire
E-field of a charged disk

E-field of a dipole

E-field of a line of dipoles
E-field of a charged sphere
E-field of a polarized object

E-field: field energy

Electromagnetism: integrations
Electromagnetism: integration elements
Gauss’ Law for a cylindrical charge
Gauss’ Law for a charged plane
Laplace’s and Poisson’s Law

B-field of a thin long wire carrying a
current

B-field of a conducting charged
sphere

B-field of a homogeneously
charged sphere
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B-field off a rotating
homogeneously charged sphere

S Available:

)

A charged sphere (charge Q, radius R),
rotating with @ rad/sec

Question:

Calculate B-field in arbitrary points
on the axis of rotation
Inside and outside the sphere
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Analysis and Symmetry (1)

Calculate B-field in point P
Inside or outside the sphere

Assume Z-axis through O and P.

Coordinate systems:

- XY, Z
= r’a¢
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Analysis and Symmetry (2)

AT ‘@ P Homogeneously charged sphere ,
volume charge density:
0 =0Q/(42R3/3) [C/m3]

Y Rotating charges will establish
a “volume current”

Volume current density j [A/m?]
will be a function of (r,0)
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Analysis and Symmetry (3)

Zi Biot & Savart : dB:ﬂO |_d|><eIr

2
A I

dB, dl and e, mutual. perpendic!

Direction of contributions dB:

Cylinder-
p K¢ symmetry
around Z-axis:
0 Z-components
only !
r
O T
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Intermezzo, (1): a long wire

\ i

l.dlindz atz

Biot & Savart :

4B = Ao |.dl xe

r

Ar rF,2

note:

r and vector e, !!

dB 1 dl and e,
dB L A AOP
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Intermezzo (2): a volume current

Z

Biot & Savart :

j.dA.dl = j.dv

J ¥€
2

dB — IUO
4 1,

dv

J: current density
[A/m?]

Y dB 1 dl and e,

dB L A AOP
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Intermezzo: volume current (3)

Two circlesat r
forming a ring /
\\ 7 7 dq@ ~~  -Homogeneously charged sphere,

volume density: p = Q/(47R3/3)

volume element:

N

dr

rdd ¥Tsinode

volume element:
dv = (dr).(r.d).(r.sinb. dp)
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Homogeneously charged sphere. (1)

dB:Zl;J:frdv
P

Charge p.dv in dv
will rotate with @

dv=dA.dl dl=rsindde
dA=dr.rd@

Needed:

* ), &, Tp

@ B-field of a rotating homogeneously charged sphere 10



Homogeneously charged sphere. (2)

dv = dA.dl

. dl =rsinfdy;
r.sind.do dA=dr.rdé@

charge In torus with radius r.sin@ and
cross section dA is: p 2rr.sing . dA

Full rotation over 2nr In 2/ S.

ent: dl = p.2nrsin0.dA /| (2n/w) =
p orsing.dA

© current density: j = par sin@ [A/m?]
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Homogeneously charged sphere. (3)

dB:ZOTJ:ZerdV
P

rsinf.de 1= porsing

jLe,:

=> | xe|=]&=]

dv=dr. r.dé. rsiné. de

Q
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Homogeneously, charged;sphere: (4))

symmetry:

Z-components
only !
' rsino
cosa =
I'p

13

Cylinder- |

Q
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omogeneously charged sphere. (5)
P dBZHO ler dv jzpoorsinG
A 1y° dv =dr. rdé.
--------- r.sing. de
\a - e
p A cosg =0
o 'p
Zp
oL rp?= (rsinf)? +
qg/r (2 - r.c0sH)?
O
— Ho pcorsm 9 dr.r.der sin Odp— 0
S 'p
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Homogeneously charged sphere. (6)

A -------- ‘\P dB, = 10 p(DrSzIn O dr.r.do.r.sin odp > 0
er 47t r'P rp

/" with .= (rsind)?>+ (z- r.cosd)?

4 i3

dB, = Mo PO SINTO 11 46 de
Am rl:,3

Integration:

0<r<R; 0<é&<m ; O<@p< 2m
@
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Homogeneously, charged: sphere. (7)

5
result : B = 21op ®3R
15.zp

Z

this result holds for z,>R ;

for -R<z,<R the result is:

3
B = PR (cp2 37 2)e,
15z,

_ 2uppeR’
~15.2,°

and for z,<-R: B e,
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Homogeneously charged sphere. (8)

Z
' result for |zo| > R :
2 oR”®
B _ ll’lOIO 3 ez
15/2,°

result for |zo| <R :

3
B = PR (5pe 35 2)e,
5.z,

B points along +e, for all points
everywhere on Z-axis !!
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Homogeneously charged sphere. (9)

With volume density: p =Q/(47R3/3) :

result for 2 1y PR 1, QwR?
zp| >R : B = s Sz 3] Oz
P : 15.‘zp ‘ 1O7r‘zP ‘
result for U PO (=2 2 U, Qo (5 2
B = oR* -3z, e, = oR* -3z, e
|ZP|<R: 15 ( P)Z 207Z'R3( P)z
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Homogeneously charged sphere. (1.0)

105 Plot of B
| @
B = HR% Rz 37 2)e, for:
0.044 | B — lqua)R2 e, Ho=1
| 1O7Z-‘ZP3‘ w = 1
002} ./ (in Sl-units)
o o5 1 15 2 25 3
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Conclusions; (1)

Homogeneously charged sphere

Zo| > R Zo| <R
g tQR o | g HRD(gp2 3 2)g
107z‘zp ‘ 207R*

CondUCting Sphere (see other presentation)
1zo] > R lzp] <R
2
B — /’lOQa)Ij ez B — lLlOQa) ez
67z‘zp ‘ 6R
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Conclusions (2)

0.05+
| Homogeneously ?IO_t of B
0.08 | charged sphere or.
o8] .
. Conducting sphere | #0 =1
_ S
0.02¢ | |
| (in Sl-units)
Dn""n'!ﬁ'"'?i"':,;-iE----2---..2.5..,,:j

The.end;!!
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