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1. Consider a hydrogen atom with the potential V(r) = — Z% The radial equation for an
electron in the atom is given by

a2 2 R21(1+1) .
d_r;‘ +k2(r)u=0, where ki(r) = h_’? [E-V(r) - 3 ], mis the reduced mass

For bound states solution, define E = —&,withE€ >0

a) Using the change of variables technique, with p = yr where y? = 2m€/h?, show that the
radial equation can be written as

dz_u _ a l(l+1)] _ __ 2mZze? .
2 + [ 1+ ST U= 0, wherea = o (4 points)
b) Write down the last equation and it is general solution for the case p — 0 (2 points)

c) Write down the last equation and it is general solution for the case p » oo (2 points)

d) Write down the general solution of the radial equation that is valid everywhere (2 points)

2. The radial wave function of an electron in the Hydrogen atom is given by

Ry (r) =4 (L) e~T/2a0

2(10
a) Find the normalization constant A (3 points)
b) Calculate {r3) (3 points)
c) Calculate (L,L_) foril=1m=1 (2 points)

Hint: you need to express L,L_ intermsof L? L2 ,and L,

3. Abeam was prepared to be polarized in the n(8, ¢) direction. The beam is then directed
into an analyzer that measures the spin along the x-direction. Now the general definition of
an arbitrary spin state is defined by

_i® _i®
e “2cos (6/2) q —e Zsin (6/2)
= . an _= ,
An+ e+l%sin 6/2) Xn eH%cos (6/2)
Where y,,. is the spin state that points up along 7, and y,,_ is the spin state that points down along
n

a) Find the probability of measuring —Z (4 points)
: _h(0 1 :
b) Find <S>, where S, = > (1 0) (3 points)



