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 HlektromagnhtismoÔ I, 4 Maòou 2011Di�rkeia exètash
 3 ¸re
, Kal  epituq�aJèma 1o:DÔo metallik� hmisfairik� kelÔfh akt�na
 R proskoll¸ntai me lept mìnwsh, dhmiourg¸nta
 ètsi èna sfairikì kèlufo
. To dunamikì touenì
 hmisfair�ou e�nai V1 kai tou �llou V2, me lim
r→∞

V = 0.Na breje� to dunamikì mèsa kai èxw apì to kèlufo
.Upìdeixh: 'Ena
 trìpo
 ep�lush
 bas�zetai sthn arq  th
 upèrjesh
,afoÔ grafoÔn ta dunamik� twn hmisfair�wn san V1 =
V1 + V2

2
+

V1 − V2

2kai V2 =
V1 + V2

2
−

V1 − V2

2
.Gia ta polu¸numa Legendre d�nontai Pn(−x) = (−1)nPn(x),

∫ π

0

Pℓ(cos θ)Pn(cos θ) sin θdθ =
∫

1

−1

Pℓ(x)Pn(x)dx =
2

2n + 1
δℓn,
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∫ π/2

0

Pn(cos θ) sin θdθ =
∫

1

0

Pn(x)dx =



















1 , an n = 0
0 , an n �rtio di�foro tou mhdenì


1

n (n + 1)
P ′

n(0) , an n perittì (ta P ′

n(0) jewroÔntai gnwst�)Jèma 2o:Mia pl�ka ape�rwn diast�sewn kai p�qou
 2a èqei epif�neie
ta ep�peda z = −a kai z = a. H pl�ka apotele�tai apì dihle-ktrikì ulikì kai èqei apokt sei mìnimh pìlwsh ~P = P0

z2

a2
ẑ.(a) Poia ta qwrik� kai epifaneiak� dèsmia fort�a? −a

a

O x

z

(b) AfoÔ de�xete ìti to ped�o ~D e�nai mhdèn pantoÔ, bre�te to ped�o ~E pou dhmiourge� h pl�ka.(g) Poia h diafor� dunamikoÔ metaxÔ twn duo epifanei¸n th
 pl�ka
 z = a kai z = −a?Jèma 3o:Sfa�ra akt�na
 R fèrei mìnimh, omoiìmorfh hlektrik  pìlwsh ~P = P0ẑ kai peristrèfetai gÔrw apì ton�xona z (pou pern� apì to kèntro th
) me stajer  gwniak  taqÔthta ~ω = ω0ẑ.(a) De�xte ìti to epifaneiakì hlektrikì reÔma lìgw twn fort�wn pìlwsh
 e�nai ~K = P0ω0R sin θ cos θ φ̂.(b) An to dianusmatikì dunamikì èqei morf  ~A = Aφφ̂ me Aφ =







a2r
2 sin θ cos θ , r < R

b2

r3
sin θ cos θ , r > R

efarmìstesunoriakè
 sunj ke
 gia na bre�te tou
 suntelestè
 a2 kai b2.D�netai se sfairikè
 suntetagmène
 ~∇×

(

Aφφ̂
)

=
1

r sin θ

∂(Aφ sin θ)

∂θ
r̂ −

1

r

∂(rAφ)

∂r
θ̂.Jèma 4o:KÔlindro
 ape�rou m kou
 e�nai omogen¸
 magnhtismèno
 me magn tish ~Mκ par�llhlh ston�xon� tou. Mèsa ston kÔlindro smileÔoume mia sfairik  koilìthta kai sth jèsh th
 to-pojetoÔme omogen¸
 magnhtismènh sfa�ra, me magn tish ~M . Poia prèpei na e�nai h ~M(gia dedomènh ~Mκ) ¸ste to magnhtikì ped�o sto eswterikì th
 sfa�ra
 na e�nai mhdenikì?Upìdeixh: Mpore�te na jewr sete gnwstè
 ti
 sqèsei
 ~Bσφ = (2/3)µ0

~Mσφ, ~Bκ = µ0
~Mκpou isqÔoun sto eswterikì omogen¸
 magnhtismènh
 sfa�ra
 kai kul�ndrou ape�rou m -kou
, ant�stoiqa. ���������
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