1 Energy current with one body potential

The Hamiltonian is
h2
1= [ ars 0920 + [arv eyt ue)

= %/drva(r)Vw(r) +/drV(r)w(r)¢(r) — Hy+V

The Hamiltonian density is

2
h(r) = ;—mvw(r)vwr) + V() ()i (r) = ho(r) +uv(r)

I now hope to show that [ho, V] + [v, Ho| + [v,V] =0
First commutator

o, V) = 5 [ @ (67) (961 ()96 (r), 61 07) )]

(Vo () Ve (r), o (") ()] = VT () [0(r), o) )] + (V[0 (), 0T () ()]) Ve (r)
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= —3(r =)l (r)

[Vl (r)Vo(r), o1 (") ()] = Vi (r)V (3(r = )(r) = (V (8(r = r)9" () Vip(r)

[ho, V] = ;—m /drV(r’) (VYT(r)V (8(r — 1")p(r)) — (V (8(r — )T (1)) V(7))

-~ _2’L drv (') (V29! (r) 8(r — r')e(r) = 6(r — )1 (r) V24h(r))
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= o V) (V21 () () — 6 () TR(r))
=hV (r)V - j(r)
Second commutator
[0, Hol = V(r) [0 ()60, Ho] = ~ihV(1)V - 5(r)

Third commutator

[0, V] = / VYV () [ ), o () (r)] = 0
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So we have [hg, V] +

[
potential we have [h, H] = [hg, Hy] and the current is unchanged

i (h2\?
i) =1 (5 ) (V01(0IV200) = T30 ()9 0(r)

Now if the time derivatives are defined as

oy

iheg - = [b(r), Ho)
Ut
hs = [41(r), Ho]

I find the same result as before

2 T
ji(r) = = (V05 4 0t

However if the derivatives are defined as

o
% w(r), )
0!
n — [t o). 1)
I find
i) =~ (Vo) 5 + 2 vu) ) - Vst

v, Hy] 4+ [v,V] = 0. Hence with an external one body
[



