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I. Based on the uncertainty principle AxAp > 12,
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a) caloudate the minfium average kinetic energy of a paricle with mass m confued i a

himted region of space Ax {10%,)

b} estimate Lthe mninmym kinetic ensray of a particls with mass 0.2 Kg confined in a hox

of gz 0.3 meter.  {5%)

2. Comsider the followmg step potennal
Vix)— 0,
Vix) =,
Suppose a particle with energy E ( > §) is incident from —=o,

x <}

x =0

a) Dettve the wave function of this particle for both x < 0 and x =

not required.)  {10%)
b) Caleulate the probability current carried by this particle.

ey Caleulats the refection coefficient. {3%)

1. Congider a panticls moving inside the polengial well with
Vix}=0,-L<x=<L
Wi{x} -, x> L

Assume the paritcle is in the ground state.

a} Caloulats the wave function, (5%}

&, (Normalization 1s

{5%)

b) Caluulate the probability density P{p), with P(p)dp the probability that one Gnds the
particle’s momoentnm lyiug inside the interval (p, p—dp). where dp is a smali differential.

(10%)
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4. Experimenis mdicate that 13.6 eV is requited to separate a hydropen atom into a
proton and an electrom, that is, its totaf engtgy s E= - 13.6 eV, Using classical

dynamics, caloulate the orbital radins and veiocity of the electron in a hydrogen atom.
(15%)
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{2) A particle of mass m moves in a potential ¥ix). Suppose that Vix) 15 bounded
below; that 15, there exjsts Fo: such at ¥{x} = V. Show that the energy E of the particle
i3 also bounded below by ¥, {154 )

(b) For an arhitrary bounded wave function @ x}, define a functional
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Rotanon, Assume again now V(x) is bounded below. Prove that e[ xy] Ginds its
minimum E when ¢{x} is the ground state wave function of the Schrodinger cquation

1 A

[—E-u-ﬁ?+ﬁ’{r}]¢{r} = FEa{x). {Hint: expand & x) into the sum of eigenstates. )
m

(Note. This is the Rayicigh principle.) i o)

{c} Take any convenient trial function & x), and apply the Rayleigh principle described
n (b} to get an estimale of the ground state energy for the case I {x) = Aix|, where A
i$ & positive aumber.  {jo ¥
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