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FEzercise 1: Three-dimensional potential well (3 Points)

Consider a potential V(r) = =V for r < a and V (r) = 0 otherwise. Show for [ = 1
that the condition for the allowed energies E < 0 is

2 — (ka)? — 2ka cot ka 94 (a)?

1 — kacot ka 14+ aa

with k = \/72”1(];;‘/0), and o = \/—2”;;|2m.

FEzercise 2: Three-dimensional potential well 11 (3.5 Points)

)

Consider the same potential as in the first exercise, but now with £ > 0.

e Show for that for » > a, one can express for all [ the radial wavefunction in the
form:

Ry(r) ~ g [sin(kr — im/2) — C cos(kr — lr/2)]

2mFE
h2 -

where B and C' are constants, and k =

e Show that for [ =0,
O q cot ga — k cot ka

k4 qcotqacotka’

where ¢ = \/w.

FEzercise 3: Hydrogen-like atom (2.0 Points)

Consider a Hydrogen-like atom with charge Ze in the nucleus. Calculate for the 2S
state the value of (r), and (r?). What is the value of ()7 (Hint: [;* dpp®e" = ).

FEzercise 4: Positronium (1.5 Points)

Positronium is formed by a positron (i.e. an antielectron, with mass as that of the
electron but opposite charge) and an electron. Obtain the eigenenergies of positronium
and compare them with that of Hydrogen.



