1 Energy current

The Hamiltonian is

72
Hy =~ [ argl ()V0(r)
72
=5 / drVaT (r)Vap(r)
The Hamiltonian density is
72

ho(r) = %VW (r)Vap(r)

The continuity equation is

oh
gt(r) +V-jg=0
To calculate the derivative of h(r) I evaluate the commutator
h2
[ho, Ho] = o [V (r)Va(r), Ho)
h2
= (m) (V [¢(r), Ho] Vo (r) + V' (r)V [¥(r), Ho))

I have the two commutators
h2

[ (r), Hol = =5~ V*(r)
h2
[07(r), Ho| = 5 ~V*0(r)

Thus

2

[ho, Ho] = (;) (V2 (r)Vap(r) — VT (r)V V24 (r))

_ <h> V- (V2T () Ve (r) - Vol (r) V2 (r)

2m
Now because 9 )
i .
877,‘0 =7 [ho, Hol = =V - jE(r)

I have

h\2m

I now reintroduce the commutators

jp(r) = — (h) (V! (1) V2(r) — 26T (1) Vi ()
hQ

[6(r), Ho) = =5 —V*(r)

1



h2
[v1(r), Ho = 5 V24! (r)

Giving the following current

i) =~ (3= ) (=991 0V 60). Hol = [87(0). o] V()

Which can also be expressed in terms of the time derivative

% = [ (r), Ho)
So the final result is
h? 0 ot
() = =5 (Vo) 5+ GEvu))



