Solutions Opti 501

Problem 7)

a) Charge density o(r,t) = oxCirc(r/R)o(2); current density J(r,t):asorH.QCirc(rH/R)é(z)q?.
Here we have taken into account the velocity of the charges being r 2 at a location on the disk
where the radius is r ;.

b) p(k,@)=JI . p(r.)expl-i(k-r—wt)]drdt
= 27095(w) /] Circ(r, /R)exp(-ik,-r,)dr,
= 270%6(w) /I, Circ(r /R)exp(~ikyr cosg)r, dgdr,
= 270%0(@) J; rydr, [, "exp(-ik,r cosg)dg

R
= (27[)20'305((0)/0 ryJo(krpdry, < Jo(-) is Bessel function of first kind, 0" order

= (27)% 00 Rk I (RK,) 5 (w). < Jy() is Bessel function of first kind, 1* order
(G&R 3.915-2 and 5.52-1)

I, )= I(r tyexp[—i(k-r - ot)] drdt
= 27[0'50.(25(0))2 X/Z;OFH r”CirC(r”/R)eXp(—ikH- I’H)dl’”
= 272'0'50.(25(0))2 x//_: I2Hc05¢ Circ(r/R)exp(=ik,r cosg)r [dgdr,
AN R 5 27 .
= 27050206 (w) (2 % kH)f0 r der0 cosgexp(—ik;r,cosg)dg
= —i(27)? 02.025(w) (Z X lz,‘)foRr,le(kHr”)drH(— Ji(+) is Bessel function of first kind, 1* order

=—i (272)20'30.(2R2k||_1J2(RkH)5(a)) (2 X I2||). < Jy(-) is Bessel function of first kind, 2™ order
(G&R 3.915-2 and 5.52-1)

c) Scalar potential y(k, @) = & "p(k, @)/(K*— »?/c?);
Vector potential A(k, @) = o (K, ®)/(K*— &?/c?).

Digression: Inverse Fourier transforming the above potentials yields expressions for y(r,t) and
A(r,t) in the form of one-dimensional integrals, although no simple closed forms seem to exist.

w(r,0=Qx) M vk w)explik-r-ot)]dkdw
= (27) 2e5 touRA) . ki (R, )exp(ik-r)/(k 2+k2) dk
= (owRI47e) [ ki exp(=|z/k,) u(Rk, ) exp(ik,-r,) dk, (G&R 3.389-5)

= (cwRI47e0) ) K texp(—|z|k,) h(RK,) dk; /5 Zexp(ik,r,cosg)dg



=Y (owRls0) /K texp(=|z|ky) J(RKy) Jo(r k) dk. (G&R 3.915-2)
Art) = @z “ Il Ak @)expli (k-r - wt)] dkdo

= —i(27) 200w QR 2 <M (ky/k,) [%(RK, ) exp(ik- 1)/ (k 2+k2)]dk

= —i (oo QRIAT) 2 x [ (Ky/k ) exp(-|zlk,) 2(Rk ) exp(ik,-F,) dk, (G&R 3.389-5)

= —i (oo QRIAT) (2x P ) [, ki texp(—Iz]k, ) R(RK,) dk,/ “cosgexp(ikyr, cosg)ds

= Y 11000 2RP ), ki exp(—Iz k) H(RK,) J(r k) dk;. (G&R 3.915-2)




