(a) As betore, we can write the potential as a sum of terms R(p)Q(@)Z(z). In
this problem there is no ¢ dependence, so Q = 1. Also. the boundary conditions
on Z are that it vanish at oc and be finite at 0, whence Z(z) x exp(—kz) for
any k. Then the potential expansion becomes

®(p,2) = /0 h A(k)e™ "= Jo(kp) dk. (6)

To evaluate the coefficients A(k). we multiply both sides by pJo(k'p) and inte-
grate over p at z = (:

/0:"’ p2(p.0)Jo(Kp)dp = /D AR { /0 " polkp)o(kp) dp} dk

_ A
= -
S0
Ak) = k /D p2(p,0).Jo(kp) dp
= kV ’ Jo(kp)dp.
/0 pJo(kp)dp
Plugging this back into (6),
®(p.2) = V/o /:kp'e"“.]o(kp).]o(kp’)dp’ dk. (7)

The p' integral can be done right away. To do it, I appealed to the differential
equation for Jy:

Jo'(u) + %’16('!) +Jo(u) =0

/ u.]o(u)du=—/ u.](','du—/ Jo () du
0 0 0

= — |uJg(u)|g + / Jo(w) du — / Jo(u) du
0 0

= — |uJy(u)|g = —zJj(x) = z.J1(z).

SO

(In going from the first to second line, I integrated by parts.) Then (7) becomes

®(p.2) =aV Ax Jy(ka)Jo(kp)e™*= dk. (8)



