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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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Electrical dipoles on a thin long line

Avalilable:

Thin line, infinitely long,
homogeneously filled with dipoles,
each with dipole moment p [Cm]

Line of dipoles 3



Electrical dipoles on a thin long line

 Analysis and symmetry
 Approach to solution

» Calculations
 Conclusions
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Analysis and Symmetry (1)

1. Cylinder: infinitely long and thin

S 2. _Distribution of dipoles:

- n dipoles / meter; homogeneous;
- all directions uniform

- each: dipole moment p [Cm]

3. Coordinate axes: X,Y,Z

§ r \ ! \ Y% Z-axis = symm. axis
4. Cylinder symmetry:

I

I - -

| all points at equal r are equivalent,
I

even if at different z or ¢
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Analysis and Symmetry (2)

Assume: field components of dipole field at
some distance in point P are known.
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Dipole :
2P cosé
E, = P
47zgor3
sSin
E@ — p 2
472'80r



Analysis and Symmetry (3)

Possible directions of the dipoles:
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Approach to solution

n = dipole density
(per meter)

Z _ Choose: Point P at
D / dpindz at +z distance yp from axis.
....................... — Ea\ Use Symmetry
+Z “r Dipole elements at
.................. 10| . +z and -z will contribute
- yPP symmetrically
....................... V.. @ \r_ T Y dp =np dz
5 dp indzat -z
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Dipoles // X-axis

dp=npdz

7z dp in dz at +z - Case 1-

all dipoles // +X-axis
dE,,=dE, 6= 900 for all dipoles
I, dE, = 2dp cos:,gé? _0
R Arre,r
7 ey dpsing  dp
S dE, = =
yF_) _____ Y < ' drer®  Aner®
> = r . Y _
N ==> E // -X-axis
dp indz at -z
np

integration with r’ =y *+2° 1 E, = 5
Lil 272.‘9pr



2p.cosé E_ p.sin

¢ Are,r®

Are,r®

Dipoles // Y-axis

Case 2:

Lz Spindzat+z all dipoles // +Y-axis

Find directions of the
field contributions dE

dipole +z7| -z
dE, ~cos© | >0 | >0

dE,~sin® | >0 | >0

resulting vector :

X \d [—
< " ==> E // Y-axIs
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_2p.cosd | c p.sin @

E ' E, =
Arer® 0 Aze,r®

r

Dipoles // Y-axis

dp=n.pdz ; 6,=6 =0

V4
a Y-components:
-

LdZZCOS@ cosd

_| Mpdz sin & (sin 8

47T€0r3

The integrations can be performed using standard integrals of rational functions.
The resulting E-vector will be directed along the Y-axis.
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E = 2RGSO 1 psinG

Dipoles // Z-axis g

7 dp in dz at +z Case 3:

all dipoles // +Z-axis

dipool + | -
dE, ~cos 6 | <0 | >0

dE,~sin® | >0 | >0

resulting vector :

dpindz at -z
) : ==> E [/ Z-axis
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_2p.cosd | c p.sin @

E E, =
Arer® 0 Aze,r®

r

Dipoles // Z-axis

dp=npdz
0, =n—0_

Z-components:

np dz

: 2C0S6_|cosO_

472'80r

_| P de sin@_ |SIn&_

3

Areol

The integrations can be performed using standard integrals of rational functions.
The resulting E-vector will be directed along the Z-axis.



Conclusions

Dipole dE — direction in point P

Z direction  on Y-axis
CIED
\ X dE=——" dz3 e
e, 2regl

,\- ———— Y dE = np dz

l%é Aot (2‘3052 0sin’ H)GV
| \Y 7 dE = P dz 2c0529—sin29)ez

%& 47[80r3 (

i (@and r are measured from dipole to P)
the.end
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