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It is shown that the position-momentum commutator is a diagonal matrix.
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In a recent paper [1], we have implied that the position-momentum commutator is a
diagonal matrix

[x,p]zxp—pxzih] (1)

where x and p are the position and the momentum of the atomic electron, respectively, i’
=-1, h="h/27 , and h is the Planck’s constant, and / the unit (or identity) matrix.

And where:

x;(t) = x;5(0) exp(i2 7f;t); f; being the oscillation frequency of the atomic electron, and
therefore also the frequency of the light emitted by it: f; = (E; - E;)/h = E;/h, when it
goes from the level 7 to the level j (i > j), and where E; and E; are the energies of the
electron corresponding to these levels, and ¢ is the time

pii(t) = m dxy(t)/dt = m x;(0) exp(i27f;t) i27f; = m x;(t) i27f; = a x;(t) fi; m being the
electron moving mass and a = m i27x

x = [xyl, p = [pil s xji = X%, fii = (Ej - EJ)/h =
[x, p] =xp - px = [Di xix pii] - [ 2k Pir Xii] = [k Xire @ X35 fig] - [ 2k @ Xix fir Xn5]
= a [2k (fiy - fi) Xix Xg] = a [k (fyg - fir) X Xap)ig + 2k (Fig - Sir) Xine Xag)i=if
=a [0+ 3% (fig - i) X xu] = a [ 20 2 fig xig™ xig] = a [ 2 2 fig x|’
= i[5 2m2nfy |xgl] = ihl
That is
[x pl =i [ 2m 2xfiy |xi|'] =inl 2)

For the last relation, note that the stationary orbit condition of Bohr for the atomic
electron was: m v r =nh; then,nh =mvr=m @rr=m2xfr, where n is a positive
integer, @ = 27 f'the angular frequency and r the radius of the orbit.

Note also that it would be



(2k (i - fir) Xik Xig)izg = 0 3)

which implies that /x, p/ = xp - px is a diagonal matrix.

To demonstrate this, Jordan [2] used the Hamilton’s equations: ¢ = dq/dt =dH/dp and

p=-0H/dq, where ¢, p and H are the (canonical) position, the momentum and the
Hamiltonian, respectively. Then

dlq, p)/dt = d(qp - pq)/dt = ip +qp - pq - pq =ap - pa)+(4p — p§)=(0)+(0)=0
As

[x, p] = [2ka (fig - fiw) Xix Xii] = [k a (fig - fir) Xix(0) exp(i27fut) xi(0) exp(i27fiit)] (4)
where f;; #0 for i #j but f; = 0 for i = j, and as fi + fi; = f, then [x, p/ is a matrix of the
type: g = [gij exp(i2fiit)]. As dg/dt = [g; exp(i2fit) i27xf;], then dg/dt = 0 only if g is
diagonal (i =j): g = [gi;/, which corresponds with (1), (2) and (3).

Now, let be the equation [3]:

dy/dt = B y, where B is a constant (independent of ¢) matrix with distinct characteristic
roots (the equation, det(B - Al) = 0, has distinct values of 1)

Doing y = T z, where T is a non singular (det T # 0) constant matrix whose columns are
the eigenvectors of B, we have

Tdzdt=BTz

dz/dt =T BTz

KT'BT= A, where A is a diagonal matrix, then we have k equations
dzy/dt = Ay zi

whose solutions are

z(1) = exp(Aut) zi(0)

But, using only matrices, it is also

Z(1) = [exp(At)] Z(0)

Y(0)=TZ0),20)=T" Y00) =T 1=T", doing Y(0) =1

Y() = TZ(1) = T [exp(A)] Z(0) = T [exp(A)] T"!

If for the matrix B, it can be obtained a diagonal matrix T fexp(A#)] T™'; then, from our
matrix (4), it can also be obtained the diagonal matrix (2) with the condition (3).



In summary, the position-momentum commutator is a diagonal matrix.
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