
PHYS 531 6th HWA
1. Consider a quantum mechanical system with the following hamiltonian
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where f(t) = 1 if −T/2 < t < T/2 and zero otherwise.

Let the initial state of the system be given as |ψ(ti)〉 = |g for ti < −T/2
where g denotes the ground state of the hamiltonian -note that in this range
the hamiltonian is time independent-. As this system can be solved exactly
find |ψ(t)〉 for times t > ti. Finally calculate the probability to observe the
excited state energy for a time tf > T/2. Hint: Can you take ti = −T/2 and
tf = T/2 without effecting the results of the second part? Finally compare
with the results we have found for the first order time dependent perturbation
theory.

2. Let us assume we have two particles with masses m1 and m2 and charges q1
and q2. Let us also assume that there is a constant vector potential in space. We
expect the hamiltonian to be -ignoring the mutual interactions of the particles
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here I adopted a one space dimension notation but the generalization to 3D is
trivial.

We also assume that since the Maxwell’s equations are linear the objects
Vo and A refer to different field configurations. Vo is the mutual interaction
energy of the two particles whereas the vector potential A is from an external
source -which we shall assume to have an EM wave solution-. But since I have
assumed A to be constant in space this can only approximately be true for a
wave solution must also have a space dependence. Yet if this space dependence
is not appreciable -small- within the range of x1 − x2 we can justify this. More
on it later. Let us define

pT = p1 + p2

xT =
m1x1 +m2x2
m1 +m2

xR = x1 − x2
pR =

m2p1 −m1p2
m1 +m2

Show that

[pT , xT ] = −i~
[pR, xR] = −i~

are the only non-vanishg commutators. So pT and xT form a canonical set
of variables and pR and xR are another canonical set that commutes with the
previous one -in exactly the same was as p1 and x1 along with p2 and x2.
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Now show that
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are the same if we define

µ ≡ m1m2

m1 +m2

qT ≡ q1 + q2

qR ≡ q1m2 − q2m1

m1 +m2

Thus the system decouples into two: one particle with mass mT = m1 +m2

and charge q1 + q2 under the influence of A alone and another with mas µ and
charge qR under the influence of both A and VR(|xR|). These two effective
particles do not interact!

Since this separation is there the total wavefunction can be written as

Ψ(x1, x2) = ψR(xR)ψT (xT )

and thus we can implore gauge invariance in its simplest form.
Note that if m2 >> m1 we get

µ ≈ m1

qR ≈ q1

furthermore if q2 = −q1 the following is exact -but remember that we assume
A is constant-

qT = 0

qR = q1

So we can justify the study of the nucleus electron system as consisting of
two decaoupled effective particles. One bound and one free -in the absence of
A.

3. In the class we have found that we need to calculate the following matrix
elements

〈f(n′, l′,m′)|~R|i(n, l,m)〉

Where n, l and m -and the ones with primes- are the quantum numbers of
hydrogenic wave functions. Assume q2 = −Zq1 and study these matrix elements
-be careful to remember to use the reduced mass in any formula you acquire.
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