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 HlektromagnhtismoÔ I, 26 Febrouar�ou 2013Di�rkeia exètash
 3 ¸re
, Kal  epituq�aJèma 1o:Leptì hmisfairikì kèlufo
 akt�na
 R apì monwti-kì ulikì topojete�tai p�nw se �peirh geiwmènh pl�-ka. To kèlufo
 fèrei fort�o epifaneiak 
 puknìthta

σ(θ) = σ0 cos θ.
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O(a) Na breje� to dunamikì kai to hlektrikì ped�o mèsakai èxw apì to kèlufo
.(b) Na breje� h epifaneiak  puknìthta fort�ou sthnpl�ka kai to olikì epagìmeno fort�o.D�netai h kl�sh se sfairikè
 suntetagmène
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Legendre P1(cos θ) = cos θ.Jèma 2o:DÔo hmi�peire
 geiwmène
 metallikè
 pl�ke
 ekte�nontaipar�llhla sto ep�pedo xz, h m�a sth jèsh y = 0 kai h�llh sth jèsh y = π. To aristerì �kro sto x = 0,e�nai kleismèno me mia �peirh tain�a pou diathre�tai se du-namikì V |x=0
= 7 sin y. O q¸ro
 metaxÔ twn plak¸n gia

x > ln 2 e�nai gem�to
 me grammikì dihlektrikì diapera-tìthta
 ε = 3ε0, en¸ gia 0 < x < ln 2 e�nai kenì
.
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(a) De�xte ìti stou
 q¸rou
 {0 < x < ln 2 , 0 < y < π}kai {ln 2 < x < ∞ , 0 < y < π} to dunamikì ikanopoie�thn ex�swsh Laplace.(b) De�xte ìti lÔsh th
 Laplace me th morf 
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(c1e
x + c2e

−x) sin y , an {

0 ≤ x ≤ ln 2
0 ≤ y ≤ π

c3e
−x sin y , an {

x ≥ ln 2
0 ≤ y ≤ πikanopoie� ìle
 ti
 oriakè
 sunj ke
, prosdior�zonta
tautìqrona ti
 stajerè
 c1, c2 kai c3.Jèma 3o:To dianusmatikì dunamikì gia kuklikì brìqo akt�na
 ρpou diarrèetai apì reÔma èntash
 I e�nai ~A = Aφ(r , θ)φ̂(se sfairikè
 suntetagmène
), ìpou, gia r > ρ,
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Pn(sin θ sinφ′) sin φ′dφ′.Na grafe� h ant�stoiqh èkfrash gia to dianusmatikì du-namikì enì
 omoiìmorfa fortismènou d�skou akt�na
 R meepifaneiak  puknìthta fort�ou σ, pou peristrèfetai gÔ-rw apì ton �xon� tou me stajer  gwniak  taqÔthta ω (hèkfrash zhte�tai gia r > R). Upolog�ste tou
 duo pr¸-tou
 ìrou
 th
 seir�
. D�nontai P0(u) = 1, P1(u) = u.Upìdeixh: Qwr�ste to d�sko se daktul�ou
 p�qou
 dρkai oloklhr¸ste apì ρ = 0 w
 ρ = R.Jèma 4o:Bre�te to magnhtikì ped�o sthn kentrik  perioq  tou pa-rak�tw magn th, to ulikì tou opo�ou e�nai omogen¸
 ma-gnhtismèno me magn tish ~M = Mx̂. Jewr ste ìti tomagnhtismèno ulikì gem�zei to q¸ro −∞ < x < ∞,
−R < y < R, −∞ < z < ∞, ektì
 th
 kulindrik 
koilìthta
 ape�rou m kou
 kai akt�na
 R gÔrw apì ton�xona z.
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'Ena
 trìpo
 bas�zetai sthn analog�a hle-ktrismoÔ/magnhtismoÔ apous�a eleÔjerwn fort�-wn/reum�twn pou sunoy�zetai ston parak�tw p�naka.hlektrismì
 me ρf = 0 magnhtismì
 me ~Jf = 0
~∇× ~E = 0 ~∇× ~H = 0

~∇ · ~E = −~∇ · ~P/ε0
~∇ · ~H = −~∇ · ~M

~E = −~∇V ~H = −~∇Φm

~∇2V = ~∇ · ~P/ε0
~∇2Φm = ~∇ · ~M

~D = ε0
~E + ~P ~B = µ0( ~H + ~M)

V1 = V2 Φm1 = Φm2

D1⊥ = D2⊥ B1⊥ = B2⊥Epomènw
 to ped�o ~H pou dhmiourge� mia magn tish ~Mbr�sketai ìpw
 to hlektrikì ped�o pou dhmiourge� mia pì-lwsh, me ti
 antistoiq�e
 ~P ↔ ~M , ε0
~E ↔ ~H, ε0V ↔

Φm, ~D ↔ ~B/µ0.(a) Bre�te thn puknìthta qwrikoÔ (ρm = −~∇· ~M) kai epi-faneiakoÔ (σm = ~M ·n̂) {magnhtikoÔ fort�ou} � ìpou au-tì up�rqei � kai de�xte ìti to dunamikì Φm ikanopoie� thnex�swsh Laplace stou
 q¸rou
 r < R kai R < r < ∞.(b) H kat�llhlh lÔsh th
 ex�swsh
 Laplace e�nai
Φm =

{

a1r cos φ , r ≤ R ,
b1r

−1 cos φ , r ≥ R .Qrhsimopoi¸nta
 ti
 oriakè
 sunj ke
 bre�te ti
 staje-rè
 a1 kai b1. D�netai ~∇Φm(r , φ) =
∂Φm

∂r
r̂ +

1

r

∂Φm

∂φ
φ̂.(g) Bre�te to ped�o ~H kai to magnhtikì ped�o ~B sto esw-terikì th
 kulindrik 
 koilìthta
.


