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The deBroglie-Bohm interpretation, part 2

Louis deBroglie David Bohm
(1892-1987) (1917-1992)

"I saw the impossible done...”
John Bell
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The deBroglie-Bohm interpretation for many particles

The ontic state: (y/(r,,1,),§,,¢,) % " e
L3
r1 =
Wavefunction on Particle @
configuration space  positions
>

The evolution equations:

Schrodinger's equation
: s ¥ o noos :
i W(rj’r" ) =— L VWl bsat) — : Vour, b, )+ V (0, )W, rst)
Ot 2m, - 2m, - - - -
dc,(t) 1 , -
C}f = m [v/‘s(ri"r."’,)]r‘. & (0).r,=8,(2)
(1) ]’ L The guidance equation
u. , Y
S - [V"“S(r/“r,"‘,‘)]r: &, (1) r,=8, (1)
dt m, £ e
where W(x;,r,,1) = R(x,,1;,t)e" 154
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Epistemic state (assuming perfect knowledge of W/(Ir.7))

p(§ ) = the probability the particle is within dC of (.

The "standard distribution”

p.0)=lw@.0f

Note: it is preserved by the dynamics:

£ pLO)=CO  then PE1)=lp &0l
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W = Zc'_ W,
J

"waves" of the decomposition

(e Spatial support of ¥/ Jth wave is occupied
(¢ Spatial support of Y/ Jth wave is empty

If only the Ath wave is occupied

Then the guidance equation depends only on the Ath wave

p=ew
]

“waves” of the decomposition

L& Spatial suppart of 1/, Ah wav

¢ ogcupled

Le  Spatlal support of 1/ Jth wave (8 ampty.

If only the kth wave is occupled
Then the guidance equation depends only en the Ath wave
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w(r,r,,t)=¢"(r,0) y'?(r,,t)  Product state

— ]{I(r]-’{)et.\'}(l-!-.’] h ]ez(r:-!{)c,_\';“.;.” h

S(r,r,, 1) =8,(1,1) + S,(x,,1)

L) 1o . 1y ¢
(‘:l( )= [VI‘\(rl-rJ'f)] r=ti(t), ;.ul:_[vl"’l(rl‘{)] 1 =8,(7)
di m, CREERETEEE !, o

(/;:(,) —~ | [V:S(rl,r:.f)] r,=C, (), ry=t, (7) :L[lef(r:',)]

dl n, i n,

r,=L,(r)

The two particles evolve independently
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Reproducing the operational predictions

Consider a measurement of A with eigenvectors ¢, (r)

/1 I o )

or(r)x (@ )@’ v, ...) = or(r)xi (@ )nu(x”, r

Dok ekdr (@) (@ @, v, ) = D, crdi () xr (e )ne (@, 2,00 )

Distinct states of environment correspond to disjoint regions of the
configuration space

ka1 ¢ ol 0 )OO SRR

If the jth wave comes to be occupied, then one can postulate an
effective collapse of the guiding wave

> o1 CkPr(r) = ¢4(r)

To have re-interference with the empty waves, it would be necessary
to map all the 7, back to
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The "standard distribution” as quantum equilibrium

264 A. Valentini and . Westman

LT}

¥ ] - 1
0
Rgure 7. Smocthed p ({(a), (¢) and
a), (b)), 2= d)) and 4=
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Do measurements reveal attributes of the particles?

Position measurements generate the statistics one would expect:

(w|FR)w)=[dg F() p(5)
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Do measurements reveal attributes of the particles?

Position measurements generate the statistics one would expect:

(W |FR)|w)=[ds F(§) p(5)

But momentum measurements do not:

although

lplw)= [ [ | (0

df

we have, for example:

<a//\2% w) = [ dg {—m(jﬂ }p(é)
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If we define energy as a function of the configuration and the wavefunction

oS(r, 1 VS) i
5;.,(@:—"(,\—) = (VS) +0(r)+V(r,1)
| ot |-un 2m )
L r=4(1)
Recall imaginary part of S.E. is 0 + (V5] +0+V =0

Ot 2m
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Do measurements reveal attributes of the particles?

Position measurements generate the statistics one would expect:

(w|FR)w)=[dg F(5) p(5)

But momentum measurements do not:

although

lplw)= [ [ % | (0

dl

we have, for example:

,’

d
<l//‘%l// ;tJ.dQ —m((ﬁ} p(¢)

Expression for expectation values in terms of ¢, v» depends on mmt context
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Contextuality

.
b d

No overlap (not confined to 2d plane)

a

)

0
D

Overlap (confined to 2d plane)
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Contextuality

P D oD
b d b d

No OVEI""GP (HOT confined to 2d plane) ngrlap (Confined to 2d plqng)
U {166} (el |0a) (Dal} UOUT  {|6e)(0e], |6a)(0al}
\ J \ J

~ Y
{J.L-.IL[} = {|('.)PJ,>J\(")F)|' |(-‘)r1><(-‘)rf|} {llr‘-J»J-,]} — {I(.')g,;\if:(_‘)h|. |(_')”><(_‘)”|}
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Underdetermination of the supplementary variables

Multiple treatments of spin:

Bohm, Schiller and Tiomno approach
Supplementary variables: particle position and orientation

The particle is taken to be an extended rigid object which makes
a 'spin’ contribution to the total angular momentum
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ration of probability implies
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"quantum nonequilibrium m¢
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