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Opti 501 Solutions

Problem 26)
a)  p(rt)=qo(x-Vt)(y) 6(2); J(rY)=qVax-Vt) 8(y) 5(@)X.
b)  pka)=/I pryexpl-i(k-r-ot]drdt=q.// s(x-Vt)exp[-i(kx—ot)]dxdt
=q/ expli(@-Vk)t]dt =279 5(w-Vky).
Ik, @)= 3(r tyexpl=i(k-r—mt)ldrdt =qVx [/ S(x—Vt)exp[-i(kx—mt)]dxdt

=qvx/ exp[i(w—-Vk)t]dt =27qV 5(w—Vk)X.

The scalar and vector potentials are thus given by
w(k, o) = &5 - p(k, @) (K= &?Ic?) = 27l )5 —V k) (K- 0?IC?);
AK, @) = 10d(K, @) /(K= 0Ic?) = @ ueqVX) 8(0 -V k) (K- 0?Ic?).

c) Inverse Fourier transforming the scalar potential, we find
w(r,0=Qx) M vk w)explik-r-ot)]dkdw
= 2x) (e I (K- ?1c)  5(0 - Vi) expli(k-r - wt)]dkde
= 2r) (@) I [(A-VUCR) k2 +k?2 +k2] Texp{i [ke(x—Vt) + kyy + k.7 }dk,dk, dk,
Defining the parameter y = 1/x/1—(T/c)2, then changing the variable from ky to ky/y yields
w(r.) = @a) (e JI (k2 +k?+ k) expfi [k (x=V1) + kyy+ k. dkodk, dk,

= (27) *(raleo) [l K Pexp{ik-[r(x-V) x +yy +zz] }dk

= (27) 2 (yalen) J, dkJ, " sind exp[ik vy (x—Vt)+y*+ 7 cosd]do

= (yal2x%e0) J, {sin[kvV 2 (x=VtZ+y+ 2]/ [kv 2 (x=Vt) P +y?+ 2] }dk

=yql[deaVy  (x=Vt)*+y°+ 7]

Similarly, the inverse Fourier transform of A(k, @) is found to be

A(r, 1) = woyqV XI[Ar V2 (X=V1)Z+y2+27].
d) The fields are found using E(r,t)=—V(r,t) —2A(r,t) /ot and B(r,t) = VxA(r,t), as follows:

E(r,t)= (yq/4re)[(Xx=V) X +yy + 2]/ [FA(x-Vt)>+y*+ 2]

B(r,t) = (uoQyV/47) (-2y +y2)/ [2(x-Vt)*+y*+ 2],




