Problem 6: Spherical Square Well

Consider a spin { particle of mass m moving in a 3D square well, given by the potential

Vift=-V 0<|fl<a, V{E=0 [fl>a (WW>0. {1}

In this problem we will only consider the bound states of this well, so that -V < E < 0.
% [1 pt] Explain why we can write the cigenstales of this potential as

Trgon = Jeg (110, ). (2)

},{) [2 pts] Defining the function wp(r) = 7 fri(r), write the radial Schrédinger equation
for ’U,}\;,g(?‘).

() 12 ptsl For ! = 0, write the form for the function ug g(r) in the regions 0 <r < ap and
r = ag. Deline any constants that you use.

(j{) [3 ptsl Using the boundary condilions on the function wgefr), derive an equalion

that gives the bound state energies for the [ = 0 states. Mint: Considering that
Firy =u{r}/r, whal is the boundary condition on % as r — 07

£

'(e}y[2 pts] Tor a fixed radius for the potential, ag, calculate the minimum depth, Vo = Vinia,

" for the potential to have a bound state,
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