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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,15),§,,65) 4 ¢ e
7t 5.
Wavefunction on Particle »
configuration space  positions
>

The evolution equations:

Schrodinger's equation
fh”//(r"rf’,)z— . Vip(r,r,, 1) - L Vaw(r, e, 0) +V (r, )y (r,r,. 1)
ot 2m, il 2m, ° - - -

dc (1) | ‘ .

‘}[ = . [v/‘s(ri"r:"{)]r_. NOR NG

ff ]’ L The guidance equation
agq, (1 .

S-( ): [V”S(r/"rﬁ")]r S (r).r,=C,(1)

dt m,  ° AR

Wher\e f//(r]., r:‘{) — R(l'], r: ‘[)cr.\'[r‘__r_._f) h
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Epistemic state (assuming perfect knowledge of W/(Ir.7))

(&) = the probability the particle is within di of C.

The "standard distribution”

p&1)=lw &0l

Note: it is preserved by the dynamics:

it PEO) =l O then PE1)=w(&0f
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y=2.c,
j

"waves" of the decomposition

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

If only the Ath wave is occupied

Then the guidance equation depends only on the Ath wave

w=ew
!

“waves" of the decomposition

L& Spatial support of ¥ Jth wave

s sccupied

te Spatial support of 1/, Jth wave is empty

If only the Ath wave is occupied
Then the guidance equation depends only on the Ath wave
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— Ie!(ri-’{)et.\'}[n-!] h R:(r:w[)e"\'-‘“'.‘-” h

S(ry,r, 1) =8,(r, 1)+ 5,(x,,1)

(/;l(,) - | [VI'S‘(rlqu"f)] r=C,(). 1, .‘-:rlzi[vlsl(rl“/)] =5 (1)
dt m, T T, o
(/;2(,): | [V,S(l‘l,l’-,,f)] r,=C, (1), 1, =L EIJ:L[V“X"“‘“,)] r; =G,

dl m, - ) T my- -~ 0T

The two particles evolve independently
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Reproducing the operational predictions

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

/1 11 )

k()X (2, ) = Oi(r)xa( (v

[Z;‘. ok (r)x (@ (", ...) = >k CkPk(T) Xk (X )i (27, 2"

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

(e (e ) =0 if £k

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

> Ckdr(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. Valentimi and M. Westman
L0 L0
]
p

1
¥ ] ] ¥ | ) -
0 0
Rgure 7. Smecthed 2 ((a), (¢) and (¢]), « b, (d) and ([1), ot times ¢ =0
L \ 1 | sealisa ” )
a), (8)), 2= ((¢), (d)) aad &x ((c), /) mitial value, the smoothed
shows a reaskable evelution towands equiltbrium
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Do measurements reveal attributes of the particles?

Position measurements generate the statistics one would expect:

(w|FR)w) = [ds F(5) p(§)
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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)

But momentum measurements do not:

although
dq

Pl = [ [ | (0

di

we have, for example:

% % W ij.dg {—”?(Zﬂ JP(C)
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immaainary part
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Pirsa: 13010082 Page 13/57




Al iImaainar
Ak AL

Pirsa: 13010082 Page 14/57




If we define energy as a function of the configuration and the wavefunction

oS(r, 1 VSY) )
5!..,(@:—(,\—) = ( ) +Q(r)+V(r,1)
| ot |en 2m _
s r=C(1)
Recall imaginary part of S.E. is o + (VS) +0+V =0

Ot 2m
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Do measurements reveal attributes of the particles?

Position measurements generate the statistics one would expect:

(wIFR)w) = [ds F(5) p(§)

But momentum measurements do not:

although

(w|Ply) = [ & [m%} p()

we have, for example:

"‘,l

<l//%l// ;tJ.dQ —m[jf} P(C)

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

D,
b d

No overlap (not confined to 2d plane)

a

)

“D
D

Overlap (confined to 2d plane)
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Contextuality

tD D
b d b d

No overlap (not confined to 2d plane) Overlap (confined to 2d plane)

U () A {|(.'),.><(.‘)‘.]. Dq) <(_‘),;|} U () A {|(.'),.><(.‘),.|. |(,‘),]><(_‘)(]|}
\ J \ Y J

|
{IL.,11,} = {|0)(Db]: |0a)(Dal} {I1,.11;} = {|0){(Db|, |0a)(Dal}
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WavetuncTtion
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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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pplementary variables: Termion numbe
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field variables for fermions h
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