PMS “FUSIKH KAI TEQNOLOGIKES EFARMOGES” TOMEAS FUSIKHS SEMFE EMP - SQOLH MHQANOLOGWN MHQANIKWN EMP - EKEFE “DHMOKRITOS” HLEKTROMAGNHTISMOS I: TETARTH SEIRA ASKHSEWN

30. Sfairikă epifĹneia aktÐnac R èqei fortÐo Q omoiìmorfa katanemhmèno me epifaneiakă puknìthta fortÐou σ =^Q_{4πR2} pantoÔ, ektìc apì th sfairikă perioqă perÐ ton bìreio pìlo, pou orÐzetai apì thn exÐswsh θ ≤ α.

(a) DeÐxte ìti to dunamikì sto eswterikì thc epifĹneiac dÐnetai apì thn èkfrash: Φ = Q 2 ∞∑ l=0 1 2l + 1

[P_{l+1}(cos α) − P_{l−1}(cos α)] r^l R^{l+1} P_l(cos θ),

me th sÔmbash: P_{−1}(cos α) = −1.

(b) Na brejeÐ kai to dunamikì sto exwterikì thc epifĹneiac. (g) Na upologisteÐ to hlektrikì pedÐo sthn arqă twn axìnwn.

(d) Poiec eÐnai oi oriakèc morfèc tou dunamikoÔ sto eswterikì kai tou hlektrikoÔ pedÐou sthn arqă twn axìnwn stic periptÿseic (1) α = ϵ, (2) α = π − ϵ, ìpou to ϵ eÐnai polÔ mikrì.

31. Leptìc agÿgimoc dÐskoc akrÐnac R brÐsketai sto epÐpedo x − y me to kèntro tou sthn arqă twn axìnwn kai èqei dunamikì V_0. Jewrăste wc epÐ plèon dedomèno ìti h puknìthta fortÐou eÐnai anĹlogh thc parĹstashc^1√_{R2 −ρ2} , ρ^2 = x^2 + y^2.

(a) DeÐxte ìti gia r > R to dunamikì dÐnetai apì th sqèsh: Φ(r, θ, ϕ) = 2V_0 π R r ∞∑ l=0 (−1)^l 2l + 1 ( R r )_{2l} P_{2l}(cos θ).

(b) BreÐte to dunamikì kai gia r < R. (g) Poia eÐnai h qwrhtikìthta tou dÐskou;

32. Jewrăste to qÿro metaxÔ dÔo geiwmènwn (Ĺpeirwn) epipèdwn (pou brÐskontai stic jèseic z = 0 kai z = L), o opoÐoc mporeÐ na perièqei fortÐa. (a) DeÐxte ìti mÐa dunată morfă thc sunĹrthshc Green eÐnai h: G(⃗x, ⃗x^′) = 4 L ∞∑ n=1 +∞∑ m=−∞ e^{im(ϕ−ϕ′)} sin (nπ L z ) sin (nπ L z^′ ) I_m (nπ L ρ_< ) K_m ( nπ L ρ_> ) .

(b) DeÐxte ìti mia enallaktikă morfă thc sunĹrthshc Green eÐnai h: G(⃗x, ⃗x^′) = 2 +∞∑ m=−∞ e^{im(ϕ−ϕ′)} ∫_∞ 0 dkJ_m(kρ)J_m(kρ^′) sinh(kz_<) sinh[k(L − z_>)] sinh(kL) .

33. (a) DeÐxte ìti to dunamikì enìc shmeiakoÔ fortÐou q sto shmeÐo (0, 0, z_0) metaxÔ dÔo geiwmènwn (Ĺpeirwn) epipèdwn stic jèseic z = 0 kai z = L, eÐnai: Φ(z, ρ) = 4kq L ∞∑ n=1 sin ( nπz_0 L ) sin (nπz L ) K_0 (nπρ L ) .

(b) DeÐxte ìti h epagìmenh epifaneiakă puknìthta fortÐou sthn kĹtw plĹka eÐnai:

σ_0(ρ) = q L^2 ∞∑ n=1 (−1)^nn sin ( nπz_0 L ) K_0 ( nπρ L ) . UpologÐste to antÐstoiqo σ_L gia thn pĹnw plĹka. (g) UpologÐste to sunolikì epagìmeno fortÐo sthn kĹtw plĹka.

34. Na upologistoÔn oi polupolikèc ropèc twn akìloujwn diatĹxewn: (a) Enìc fortÐou q sto (0,0,0). (b) DÔo antÐjetwn fortÐwn sta shmeÐa +L/2, −L/2. (g) DÔo jetikÿn kai dÔo arnhtikÿn fortÐwn me Ðso mègejoc pou brÐskontai sto epÐpedo xy topojethmèna enallĹx sta shmeÐa (L, 0), (0, L), (−L, 0), (0, −L). (d) TessĹrwn jetikÿn kai tessĹrwn arnhtikÿn fortÐwn Ðsou megèjouc, topojethmènwn enallĹx stic korufèc enìc kÔbou pleurĹc L. (e) DÔo fortÐwn +q stic jèseic z = +L, z = −L kai enìc fortÐou −2q sth jèsh z = 0. (st) Twn fortÐwn −q, +2q, −2q, +q, topojethmènwn antÐstoiqa stic jèseic z = −2L, z = −L, z = +L, z = +2L. SqoliĹste gia kĹje perÐptwsh poia eÐnai h qamhlìterhc tĹxhc polupolikă ropă pou suneisfèrei.

35. Puknìthta fortÐou ρ brÐsketai se exwterikì hlektrikì pedÐo ⃗E^{(0)}, pou parĹgetai apì to dunamikì Φ^{(0)}, to opoÐo metabĹlletai argĹ sthn perioqă pou h ρ den eÐnai mhdèn. (a)An metatopisteÐ h katanomă wc sÔnolo katĹ ⃗dl, na deiqjeÐ ìti h dunamikă enèrgeia thc katanomăc sto exwterikì pedÐo ja metablhjeÐ katĹ dW = −⃗dl · ⃗F .

(b) DeÐxte ìti h sunistÿsa (èstw) 1 thc ropăc pou askeÐtai sthn katanomă fortÐou eÐnai:

N_1 = [⃗p × ⃗E^{(0)}]_1 + 1 3 ∂ ∂x_3 ∑ j Q_{2j} E^{(0)}_j − ∂ ∂x_2 ∑ j Q_{3j} E^{(0)}_j 0 + . . .

36. KulindrikĹ summetrikìc purănac me tetrapolikă ropă Q brÐsketai se exwterikì hlektrikì pedÐo kulindrikĹ summetrikì wc proc ton ĹxonĹ tou me apìklish (_{∂Ez} ∂z ) 0 (0 eÐnai h jèsh ìpou brÐsketai o purănac).

(a) DeÐxte ìti h enèrgeia thc tetrapolikăc allhlepÐdrashc eÐnai: W = −^q_4 Q (_{∂Ez} ∂z ) 0 . (UpenjÔmish: Q ≡^{Q33}_q , Q_{11} + Q_{22} + Q_{33} = 0. To q eÐnai to fortÐo tou prwtonÐou). (b) Upojètoume ìti prosomoiÿnoume ton purăna me mia stajeră puknìthta fortÐou ρ_0 =^{Zq}_V , pou ekteÐnetai sto elleiyoeidèc me exÐswsh^{x2}_{b2} +^{y2}_{b2} +^{z2}_{a2} = 1 kai ìgko V =^{4πab2}_3 . An dÐdetai o atomikìc arijmìc Z kai h mèsh aktÐna R =^{a+b}_2 , na upologisteÐ h sqetikă diaforĹ aktÐnwn a−b R , ÿste na prokÔptei h dedomènh tetrapolikă ropă.

37. Katanomă fortÐou èqei puknìthta ρ(⃗x) =^1_{64π} r^2e^{−r} sin^2 θ.

(a) Na brejeÐ h polupolikă anĹptuxh kai na grafeÐ to dunamikì se megĹlec apostĹseic sunartăsei peperasmènou arijmoÔ polupolikÿn ropÿn.

(b) UpologÐste to dunamikì pantoÔ kai deÐxte ìti kontĹ sthn arqă twn axìnwn: Φ(⃗r) ≃ k [_1 4 −^{r2}_{120} P_2(cos θ) ] . (g) An sthn arqă twn axìnwn upĹrqei purănac me tetrapolikă ropă Q, upologÐste thn enèrgeia allhlepÐdrashc.