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Submitted by: Nimrod Beit Halachmi
The problem:

A particle can be found in one of three locations organized in the form of triangular ring. We define a space operator
which can have the values: & = —1,0,1, and a reflection operator R so that |z) — |—x).

(a) Write the matrix representation of & and R.

The Hamiltonian H which describes the particle’s motion is

0 -1 -1
H=|-1 0 -1
-1 -1 0
(b) Write the eigenstates |k) and the eigenvalue Fj, of the system, where k is the momentum.

(c) Write an alternative eigenstates basis with defined symmetry (symmetric and anti-symmetric with respect to I:i)

(Use the notation |S) and |A) for the high energy states).
A particle is prepared in the ground state |S0).

A pulse is applied f (t) = ce=3(3)" 50 the total Hamiltonian is Hipt = H+ f(#)V (2).
In the following use first order perturbation theory in the calculations.
(d) What is the probability of finding the particle in the state |S), after the pulse ended, if V (z) =z ?

(e) What is the probability of finding the particle in the state |S), after the pulse ended, if V (z) = 22 ?

The solution:

(a) The matrix representation of the operator & in the position basis is:
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The matrix representation of the operator R in the position basis is:
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(b) The Hamiltonian can be written as H = — (ﬁ + DT) so that the momentum states are the eigenstates of the

Hamiltonian. We can expand the momentum states in the position basis as:
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The eigenstates are:

ko) = —= (I=1) +0) + 1))

Sl

k) = —= (78" |=1) 4+ 10) + 'F 1))

Sl

o) = = (% 1=1) + 10) + 75 1)

In order to find the Eigenenergies we use the fact that the Hamiltonian is a combination of displacment operators so
the following equality holds

H k) =— (f? + b*) k) = — (e +¢'*) |k) = —2cosk |k)

Therfore the eigenenergies are:
The ground state Eyg = —2, the high energy states Fhy = Fy = 1.

(c) The alternative basis with defined symmetry with respect to R is

150) = ko) = —= (1=1) +10) + 1)
8) =~ (Jka) + k) = —= (I=1) — 210} + [1))
| = 5 ‘ 1>+|2> _\/6 - - >+|

1 1
|4) = 7 (Ik1) = |k2)) = 7 (I=1) —11))

(d)+(e) The first order time depended perturbation theory states that the probability to find a particle, that was
prepered in the |m) state, in the |n) state after the perturbation is
Pon = Vo |1FT [f ()]
The Fourier Transform of the perturbation is
FT[f (t)] = eV2rre 2" = FEg— FEgo=3
In the case of V (z) = & we get
Vs,s0=(5]2|50) =0 = Pss0=0

In the case of V (z) = #? we get
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