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 HlektromagnhtismoÔ I, 8 Febrouar�ou 2008Di�rkeia exètash
 3 ¸re
, Kal  epituq�aJèma 1o:Bre�te to dunamikì V (r , θ) sto q¸ro metaxÔ duo sfair¸n r = a kai r = b (me b > a) an gnwr�zete ìti sthnexwterik  sfa�ra h aktinik  sunist¸sa tou hlektrikoÔ ped�ou e�nai Er = −E0 cos θ, en¸ sthn eswterik sfa�ra Er = 0. Bre�te to hlektrikì ped�o sthn �dia perioq .Upìdeixh: H kat�llhlh lÔsh th
 Laplace gia to prìblhma autì e�nai V (r , θ) =

(

a1r +
b1

r2

)

cos θ.Jèma 2o:Se èna meg�lo komm�ti grammikoÔ dihlektrikoÔ stajer�
 κ, dhmiourge�tai sfairik  koilìthta akt�na
 R.Sto kèntro th
 sfairik 
 koilìthta
 topojete�tai shmeiakì fort�o Q.D�netai ìti to dunamikì entì
 th
 koilìthta
 e�nai Vkoil =
Q

4πε0r
+ a0 kai entì
 tou dihlektrikoÔ Vdihl =

b0

r
.Prosdior�ste ti
 stajerè
 a0, b0 apì ti
 sunoriakè
 sunj ke
 sthn epif�neia th
 koilìthta
.Bre�te thn pìlwsh P , thn katanom  fort�wn pìlwsh
 kai upolog�ste to olikì fort�o pìlwsh
.Jèma 3o:Hlektrikì reÔma diarrèei �peiro kulindrikì agwgì akt�na
 R. H qwrik  puknìthta reÔmato
 e�nai J =

a

r
ẑ(se kulindrikè
 suntetagmène
 me z ton �xona tou agwgoÔ kai r =

√
x2 + y2).Mia epilog  gia to dianusmatikì dunamikì e�nai:

A =

{

A1(r) ẑ , r ≤ R

A2(r) ẑ , r ≥ R
, ìpou ∇2A1 = −µ0

a

r
kai ∇2A2 = 0 .(a) De�xte ìti A1(r) = −µ0ar kai A2(r) = C1 ln r + C2.(b) Apì ti
 sunoriakè
 sunj ke
 sthn epif�neia tou agwgoÔ (r = R) na breje� h sun�rhtsh A2(r).(g) Poiì to magnhtikì ped�o B se ìlo to q¸ro?Jèma 4o:Kulindrikì
 floiì
 ape�rou m kou
 me eswterik  akt�na a kai exwterik  akt�na b, e�nai omogen¸
 magnhti-smèno
 me magn tish M par�llhlh ston �xon� tou. Poiì to magnhtikì ped�o se ìlo to q¸ro?TUPOLOGIOKartesianè
 (x, y, z) Kulindrikè
 (r, φ, z) Sfairikè
 (r, θ, φ)
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x = r sin θ cos φ

y = r sin θ sin φ

z = r cos θ
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v vxx̂ + vyŷ + vzẑ vrr̂ + vφφ̂ + vzẑ vrr̂ + vθθ̂ + vφφ̂
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ẑ

1

r sin θ

(

∂(vφ sin θ)

∂θ
− ∂vθ

∂φ

)

r̂+

1

r

(

1

sin θ

∂vr

∂φ
− ∂(rvφ)

∂r

)

θ̂+

1

r

(

∂(rvθ)

∂r
− ∂vr

∂θ

)

φ̂

∇2f
∂2f

∂x2
+

∂2f

∂y2
+

∂2f

∂z2

1

r

∂

∂r
(r

∂f

∂r
) +

1

r2

∂2f

∂φ2
+

∂2f

∂z2

1

r2

∂

∂r
(r2

∂f

∂r
) +

1

r2 sin θ

∂

∂θ
(sin θ

∂f

∂θ
) +

1

r2 sin2 θ

∂2f

∂φ2

dl dxx̂ + dyŷ + dzẑ drr̂ + rdφφ̂ + dzẑ drr̂ + rdθθ̂ + r sin θdφφ̂

da dydzx̂ + dxdzŷ + dxdyẑ rdφdzr̂ + drdzφ̂ + rdrdφẑ r2 sin θdθdφr̂ + r sin θdrdφθ̂ + rdrdθφ̂

dτ dxdydz rdrdφdz r2 sin θdrdθdφ


