Harmonic oscillator 4

Let X;; and Py; be the matrix elements

ij:/ Ypap; do

Py= [ viptyds

From the previous section we have for xv; and pi;

h
;= A/ Dy— (\/j + 1hj + \/3%—1)
hw
P =iy mT (\/J + b1 — \/3%71)

Hence by orthogonality of ¢, and 1;

Xij = /OO Vgt de =4/ o (\/J + 10gj1 + \/Eék’j_1>
o0 g
Py = / iy do =iy =5 (VI 1o = Vi)

For 4 x 4 matrices
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V2 o ve 0 B
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For the commutator [X, P] we obtain
th 0 0 0
0 zh O 0 .
XP—-PX = 0 0 ik 0 =1h

The boxed value is incorrect due to finite matrix size.

Let H be the harmonic oscillator Hamiltonian.

P2 1
H=_—+ -mw’X?
2m = 2



The result is

thw 0 0 0

0 3mw 0 0 )
H=| 0o "0 Smw o [=(+3)h

0 0 0 |3

The boxed value is incorrect due to finite matrix size.
Let ¥ be the normalized state

U = cothp + c1tpr + catpp + - -

Let us compute the expected value of z for state W.

(z) = /_ T v de

Expand the integrand.
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For example, let C' be the coefficient vector

Hence

1
1 1
C=——
V210
0
such that
ciCc =1
Then
(z) =CTXC = N
V 2mw

Eigenmath script


https://georgeweigt.github.io/examples/harmonic-oscillator-4-demo.html

