E108: The Displacement Operator
Submitted by: Liav Atia
The problem:

Write the displacement operator for N=3 site system.
Find the eigenvalues from the characteristic equation.
Find a set of eigenvectors.

Write the displacement operator for N=4 site system.
Write the eigenvalues k,, using results of the lecture.
Write explicitly what are the corresponding eigenvectors.
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The solution:

(1) The displacement operator for the N=3 site system is:
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(2) To find the eigenvalues of D we first find the characteristic equation:

det(D —I\) =0

-2 0 1
1 =2 0 |=0
0 1 =X

which gives:

N=1
and therefore the eigenvalues are:
A =1 eZTri/S e47r7,'/3
n - ) 3

(3) The eigenvectors are:

-2 0 1 x 0
1 =X 0 y | =10
0 1 =X z 0
the general eigenvalue is A, = €2™"/3. We have one independent parameter so we can choose z to be 1 in order to
get:
r=1y= 6727rin/3 5= 6747r7,'n/3

The general eigenvector is:

\I_}gcn) _ 672771’71:6/3

The normalized vectors are:



1

(4) The displacement operator for the N = 4 site system is:
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(5)The base in which the displacment operator in diagonal is the momentum base.

In general:
D|k)=e"" k)

Where

2mn
k=—
N
Therfore the general eigenvalue is:
P efiﬂ'n/Z
n =
Which gives:
Ao=1 eTr'L'/Q eTl'i e37ri/2
n — ) ) )

(6) The normalized eigenvectors are:

\f};n) — Le‘n’inw/Q
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Therefore we get:
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