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1. [7 points] Natural Units. In natural units, all quantities are expressed in terms of their mass/energy

units.

(a) [4 points| Ultraviolet radiation, such as that emitted by the sun, has a wavelength between 10 — 400 nm.
Express a ray of 200 nm in eV.
2
Hint: Use that ¢ = 3 x 1082, h = 1.1 x 1073552 and eV = 1.6 x 10719K82°  Start by finding the

S

equivalence between m and kg.

(b) [3 points] The dark energy density of the universe is roughly (2meV)?*. Express this in kgm™3.

2. [5 points] Conservation of probability. Using the non-relativistic Schrédinger equation,
2

*%'@D(Xv t) + V¢(X7 t),

iatd}(xa t) =
and its complex conjugate, derive the continuity equation for the probability density

dp(x,t)

Li(x.1) =
5 +V-j(x,t) =0,

with

p(X,t) = |¢(X’t)|2a j(X’t) = _% (W(Xat)wﬁ(x’t) - ¢(Xat)v¢*(xa t)) :

3. [8 points] Relativistic wave equation for a scalar particle

(a) [1 points] Give reasons why the Schrodinger equation is not suitable for the relativistic formulation of
quantum mechanics.

(b) [2 points] Give two reasons why the Klein-Gordon equation is not an alternative.

(c) For a scalar field, the Klein-Gordon equation is given by
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(-Za + 1AV — m%?) o(x,t) =0 (1)



i.

ii.

iii.

[2 points| Using
—ihV — —ihV + %A, 2)

derive the equation describing a scalar particle in a classical magnetic field.
[2 points] Using the ansatz

(x) = p(x, t)el =) (3)

where ¥ (x,t) contains the non-relativistic part, discuss the non-relativistic limit.
Hint: Start by expanding the relativistic energy-momentum equation, dropping terms of O(p?),
and then using the ansatz to determine an expression for your equation in the non-relativistic limit.
In the last step, use your expression from part i.
[1 point] Show that the result in (ii) is equivalent to using substitution (2) in the Schrédinger
equation for a free field,

h? oY (x,t)

2mV P(x,t) =ih 5



