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The Planck aether hypothesis assumes that space is densely filled with an equal
number of locally interacting positive and negative Planck masses obeying an
exactly nonrelativistic law of motion. The Planck masses can be described by a
quantum mechanical two-component nonrelativistic operator field equation
having the form of a two-component nonlinear Schrodinger equation, with a
spectrum of quasiparticles obeying Lorentz invariance as a dynamic symmetry
for energies small compared to the Planck energy. We show that quantum
mechanics itself can be derived from the Newtonian mechanics of the Planck
aether as an approximate solution of Boltzmann’s equation for the locally
interacting positive and negative Planck masses, and that the validity of the
nonrelativistic Schrodinger equation depends on Lorentz invariance as a dynamic
symmetry. We also show how the many-body Schrodinger wave function can be
factorized into a product of quasiparticles of the Planck aether with separable
guantum potentials. Finally, we present a possible explanation of wave function
collapse as a kind of enhanced gravitational collapse in the presence of the
negative Planck masses.

1. INTRODUCTION

The Planck aether hypothesis is the assumption that space is densely
filled with an equal number of positive and negative Planck masses, locally
interacting with each other, but otherwise not the source of any long-range
field. It is furthermore assumed that the Planck masses obey a nonrelativistic
law of motion, giving preference to the Galilei group as the more fundamental
kinematic symmetry of nature. This hypothesis is in line with Planck’s conjec-
ture of 1899 that the only truly universal constants are %, G, and ¢, and that
all other constants of physics should be reduced to them.
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In the Planck aether model the law of motion is specified to be a two-
component nonrelativistic Heisenberg-type operator field equation (Win-
terberg, 1988, 1994)

S s A
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ih P 2, V. * 2heri@@ld. — Wi (1.1)

where . are field operators obeying the commutation relations
W (OPL(r)] = 3(r — 1)
WO = [PLrwhaE)] = 0 (1.2)

In (1.1), r, = (AG/c*)"* and m, = (hc/G)"? are the Planck length and mass,
respectively. In the Planck aether model each Planck mass occupies the
volume r3.

From the Planck aether model one can compute a spectrum of particles
which together with their interactions greatly resemble the known spectrum
of elementary particles. All these particles are quasiparticles of collective
excitations of the Planck aether, and because wavelike disturbances are propa-
gated in the Planck aether with the velocity of light, Lorentz invariance
emerges as a derived dynamic symmetry for energies small compared to the
Planck energy. It must be stressed that the Planck aether has little resemblance
to the pre-Einstein aether models of the late 19th century, where the aether
was a substance separate and in addition to ordinary matter. In the Planck
aether model, the aether is rather the fundamental field, from which all
elementary particles and their interactions would have to be derived, as in
Heisenberg’s nonlinear spinor theory. However, unlike Heisenberg’s proposed
fundamental field equation, which is invariant under the noncompact Lorentz
group, the field equation of the Planck aether is invariant under the compact
Galilei group. Accordingly, the kinds of divergences which occur in Heisen-
berg’s theory are absent from the Planck aether model.

With the exception of the Planck-mass particles, all particles are quasi-
particles, but only the quasiparticles obey Lorentz invariance as a dynamic
symmetry. The Planck masses, in contrast, are subject to Galilei invariance.
It would therefore be much more appealing if the Planck masses would be
subject not only to a nonrelativistic law of motion, but to a classical Newtonian
law of motion. Because the Planck aether has both positive and negative
masses, such a description would require an extension of Newtonian mechan-
ics to negative masses. Following Newton’s conjecture that hard, frictionless
spheres are the ultimate building blocks of matter, and by identifying Newton’s
frictionless spheres with the Planck masses, the Planck aether would be solely
described by the kinetic energy of the Planck masses with all forces reduced
to kinematic boundary conditions at the surface of the spheres. Newton’s
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system of frictionless spheres where the forces are replaced by kinematic
boundary conditions at the surface of the spheres is probably the most perfect
mechanical counterpart to Einstein’s vacuum field equation of the gravita-
tional field, where the forces are eliminated by the metric of a non-Euclidean
space-time.

We therefore ask whether, by identifying Newton’s hard, frictionless
spheres with the Planck masses, but permitting the existence of negative
masses, we can derive quantum mechanics from the Planck aether hypothesis,
as we have been able to derive special relativity from the same hypothesis.
In support of this conjecture, we may note that the fundamental force which
can be constructed from A, G, and ¢ is

F, = c¢%G (1.3)

and does not contain #. If everything should be reduced to £, G, and c, then
# should not enter the force governing Newton’s hard, frictionless spheres.

2. NEWTONIAN MECHANICS OF THE PLANCK AETHER

Taking the Hartree approximation of (1.1), by replacing the field opera-
tors with their expectation values, one obtains the Schrodinger equation for
a positive (or negative) Planck mass

o 0P h?

=3 — V. . .
it Py 2 Vi, + Ur)ip. 2.1)

in the average potential

U(r) = 2hery

i, — o] 2.2)

generated by all Planck masses. Through its kinetic energy term the one-
body Schridinger equation alone implies the replacement of the classical
mechanical momentum by the operator p = (#i/i) d/dg, obeying the commuta-
tion relation [pq] = #/i. For a field-theoretic treatment of the many-body
problem, as in (1.1), it is thus sufficient to prove that the one-body Schrodinger
equation (2.1) can be derived from the Newtonian mechanics of the
Planck aether.

Within the Planck aether, a Planck mass is subject to collisions with
both positive and negative Planck masses, whereby the average force exerted
by all Planck masses on one Planck mass can be described by a potential.
The collision between two negative Planck masses has the same outcome as
the collision between two positive Planck masses, but the collision of two
Planck masses of opposite sign leads to what Schrédinger (1930, 1931) called
a “Zitterbewegung” (quivering motion). This can be seen as follows: As is
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true for the collision of Planck masses of equal sign, the collision of a
positive with a negative Planck mass does not change the tangential velocity
component. Only the normal component is changed, but the outcome is
different. If v} and v_ are the normal velocity components before, v, and v_
those after the collision, energy and momentum conservation imply that

vi —v: =2 -2
Ve — Vo =V —v_ (2.3)

Rewriting the first of (2.3) as (v, — v_)(v, + v_.) = (vi — v)(vL + D)
and dividing it by the second, one has

v, +v_ =vl + L (2.4)
and hence
v, = v,
vo =yl 2.5)

It thus follows that the collision between a positive and a negative Planck
mass does not change the velocity of the colliding Planck masses, neither in
magnitude nor direction, but it permits a spatial parallel displacement of the
trajectories. Expressed in terms of Planck’s fundamental units, this displace-
ment should be equal to

5 = (1/2)a,r? (2.6)
where a, = F,/m, = c*/Gm,, = ¢"*/(AG)"* and t, = r,/c. One thus finds that
S = £ (IIDGRGIAH? = (112, = £h2mc 2.7

which is just the radius of the Zitterbewegung derived by Schriodinger from
the Dirac equation with the Zitterbewegung velocity a,f, = ¢. Whereas the
fundamental force F, = ¢*/G does not depend on #, the Zitterbewegung
displacement certainly does. How this Zitterbewegung should be viewed is
illustrated in Fig. 1.

3. DERIVATION OF THE SCHRODINGER EQUATION FROM
THE BOLTZMANN EQUATION

To obtain the equation of motion of a single Planck mass immersed in
the Planck aether one has to solve the Boltzmann equation. We use it in the
form (Landau and Lifshitz, 1981)
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Fig. 1. “Zitterbewegung” displacement § = *+r,/2 of a positive (negative) Planck mass
colliding with a negative (positive) Planck mass.
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where f is the distribution function of the colliding particles, f', fi before
and f, f; after the collision, with f] and f; the distribution functions of the
particles which by colliding with those belonging to f’ and f change the
distribution function from f* to f. Furthermore, v, is the magnitude of the
relative collision velocity and o the collision cross section. The particle
number density and average velocity are

nr, 1) = J flv,r, 1) dv

Vir, 1) = J vf(v, 1, 1) dv/n(r, 1) 3.2)

The acceleration a is obtained from the force —VU of the potential U(r).
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The Boltzmann equation for the positive and negative masses of the
Planck aether is

of- fe _ 1 U ofs

Ly F L2 = Y 2 I+’—_+-d; .
V=" or +m,, ar v acrpj(f_f+ f=f=)dv= (3.3)

where we have set 0 = (2r,)* = 4r} and v, = ac, with « a still to be
determined dimensionless constant. With the Zitterbewegung equal to the
velocity of light suggests that & = 1.

According to (2.7) one has (see Fig. 1)

filr) = fo(r £ 1,/2) (3.4)

where one has to average over all possible displacements and Zitterbewegung
velocities. The direction of the Zitterbewegung motion is in the opposite
direction of the displacement r,/2. With (3.4) the integrand in the collision
integral of (3.3) becomes

fife — fofs = f (r + &)f—<r ¥ 53) = f=(0)f+(r) (3.5)
=¥ +JF * — ) * ) s - .

Expanding f.(r * r,/2) and fz(r = r,/2) into a Taylor series

r r, df- 12 o%.
", + P =+__P._—+_P — 4 e
f-(r 2) FE e TR
_r, ofs | ri oY
—_ _.—.+__ + [P .
f+<r - ) f= 2 dr 8 ar? (3.6

one finds up to second order

fofs — fufs = <f+ Y- g ai)

r’ 8f+ af+ 2f+ %=
4 ar ar - e or?

) 3.7

with higher order terms suppressed by the Planck length. With good approxi-
mation one may set

fz(vz, 0, 0) = fu(ve, 1, 0) 3.8)

whereby (3.7) becomes
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To average the Zitterbewegung displacement over a sphere with the
volume to surface ratio (rp/2)3/(rp/2)2 = r,/2, one must apply to (3.9) the
operator (1/2)r,d/r, and to average over the Zitterbewegung velocity ¢
(with ¢ directed opposite to r,) one must apply in addition the operator ¢+ d/
dv.. Then by integrating (3.3) over dv:, where one may set with sufficient
accuracy [ f= dv= = 1/2r3, which is the number density of one Planck mass
species in the undisturbed Planck aether, one finds

o 81U

Va F
ot - ar My Or 0V

ac’ty 82 f 0° log f-
4 ov.or\’t  or?

(3.10)

To obtain an approximate solution of the Boltzmann equation (3.10) we
compute its zeroth and first moments. The zeroth moment is obtained by
integrating (3.10) over dv., with the result that

dns | SnV2) 3.11)
ot ar
This is the continuity equation for the macroscopic quantities (3.2). The first
moment is obtained by multiplying (3.10) with v. and integrating over dv..
For the logarithmic term in (3.10) we approximately set 9° log f» /0r* = 42
log n../ar?. We thus find

d(n-V.) + dnV.-V.) _n.oU + oc?r 3 8% log n-
= o= %Y g
at ar mg or 4 ar

N —6_1'—2—;) (3.12)

With the help of (3.11) this can be written as

sy Ve L 1OU a1 o logn.
ar ar my, ot 4m? n. or or?

) (3.13)
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for which one can also write
A V. 2 3% /n=
sy, D1V a0 (1 TVna) gy
ot ar my or  2mg Or \ /n, oOr
The equivalence of (3.14) with the Schrodinger equation (2.1) for one
Planck mass can now be established by Madelung’s transformation:

ny = lb*lmb
V. = T [V, — gl V] (3.15)
Zmp

by which (2.1) is transformed into
on.  dn.Va
., V)

— +

ot or
N v, e 2L 8540 (3.16)
ar | Far Tmyor Q- '

where

K1 A na

+ = Fr— 3.17
Q= +2mp Jn. or G-17)
The connection between (2.1) and (3.16) is given by
Yo = ALeS:, A: >0, 0=S. =27
aS+
n. = A%, V. = ii = (3.18)
m, or
where the uniqueness of 5. requires that
ffvi cdr = Tnhim, n=0,1,2... (3.19)

Comparison of (3.16) with (3.14) shows complete equivalence for o =
1, implying that v = c.

We now show that it is even possible to obtain an expression for the
collision integral taking into account higher order terms, otherwise suppressed
by the Planck length. As before, assuming that f. = f=, one has

I

log fxfz = logf:(r * E) + logf:(r e %)

= logft<r * %) + logft(r F %)
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= exp( % 5—) [log f.] + CXP< 5" ar> flog f-]

_ <, 9
=2 cosh(__2 8r> [log f+] (3.20)

where Jr, - 8/0r is an operator for which
LS L
2 or 2/ or”

feofs = fofs = CXP{2 COSh(i%';—r) [10gf:]} -2 @62

Hence

To obtain from (3.21) the approximation (3.9), we expand the hyperbolic
function up to the second order and the exponential function up to first order:

3 log f«
1 — - 2
exp{-} — f% exp{Ing: + <2> Y } i

2 2
(r ) s L log sz logﬂ (3.22)

which is the same as (3.9).

Inserting (3.21) into (3.3), putting o = 1, applying the averaging operator
(rp2)c d%/dv..or, and finally integrating over dv, whereby [ frdv: =
1/2r2, we obtain

oo e 10U
ot = or  m, or dvs
92 exp{2 cosh(xLr,-(a/0r)[log f-]}
-2 P _
< Gv.or {f [ fx IJ} G2

Integrating (3.23) over dv., we obtain as before the continuity equation
(3.11). Multiplying (3.23) by v.. and integrating over dv ., and setting 4% log
falor? = 3% log n./dr%, we find

d(n-V-) n 0(n-V.-V.)
at ar

+.L
_h+ oU + czi {ni[exp{,’z cosh(x4r, - (8/or){log n.]} l]}

= +—-——-———
my, or or

(3.24)
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which with (3.11) can be simplified:

A A
-+ V+ *
ot IG) ¥
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+
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el
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By applying the inverted Madelung transformation to (3.25), one can
obtain higher order cotrection terms for the Schrodinger equation. They
contain nonlinear terms suppressed by the Planck length.

4. THE SCHRODINGER EQUATION AS A CONSEQUENCE OF
THE NEWTONIAN MECHANICS OF THE PLANCK
AETHER

The solution of the Boltzmann equation gave us the Schrédinger equation
for a Planck mass. This derivation sutfices to set up equations (1.1) and (1.2)
of the Planck aether model, but it does not prove the validity of the Schrodinger
equation for any mass m # m,.

According to the Planck aether model, all finite-rest-mass particles,
except the Planck masses themselves, are excitonic quasiparticles of the
Planck aether. And because these quasiparticles are held together by forces
transmitted through waves which in a rest frame of the Planck aether propagate
with the velocity of light, they obey Lorentz invariance as a dynamic symme-
try. In this dynamic interpretation of Lorentz invariance the forces holding
together the quasiparticles are balanced by the fluctuations of the Planck
aether, and it is for this reason that the fluctuations have to be Lorentz
invariant as well. The only Lorentz-invariant frequency spectrum is

(@) do = const- w® dw 4.1

which in the dynamic interpretation of Lorentz invariance is valid for o <<
w,, where @, = c/r, is the Planck frequency. Because the kinetic energy term
—(#*2m)V*§ in the Schrédinger equation for a particle of mass m implies
the replacement of the classical momentum mv by the operator (/i) d/dr,
the particle has the zero-point energy Ey = (1/2)Aiw, where @ = ¢/\ with A
= filmc. The zero-point energy E, = (1/2)fiw = mc*/h scales as the particle
mass m, and it implies a Lorentz-invariant zero-point energy spectrum in
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frequency space proportional to

il

e(w) dw = const- (1/2)iw - 47w’ do

const* ®’ dw 4.2)

il

It follows that the Schrodinger equation, which we had derived from the
Boltzmann equation of the Planck aether for a Planck mass m = m,, remains
valid for m # m,, and we are led to the strange conclusion that it is Lorentz
invariance as a dynamic symmetry which ensures the validity of the nonrela-
tivistic Schrodinger equation for masses different from the Planck mass.
However, our analysis also suggests that the Schrodinger equation becomes
invalid for a mass m >>> m,,, which should rather be described by Newtonian
mechanics. If high-precision experiments could be carried out for masses
m > my,, they might show a departure from quantum mechanics toward
classical mechanics.

The cause of the zero-point energy, which leads to the uncertainty
relations, is the reason for the replacement of classical mechanics by quantum
mechanics. The Planck aether hypothesis explains it through the coexistence
of positive and negative masses in the Planck aether. Through them a positive-
mass particle can for the time 7 ~ A/3E ~ #i/mc* ~ d/c (where & ~ fi/lmc
is the Zitterbewegung displacement) “borrow” energy from the negative-mass
component of the Planck aether. According to the Planck aether hypothesis,
quantum mechanics has for this reason its cause in the existence of nega-
tive masses.

5. MANY-BODY SCHRODINGER EQUATION

A conceptually difficult problem of quantum mechanics is the interpreta-
tion of the many-body Schrodinger equation in configuration space, because
it leads to the strange phenomenon of phase entanglement. The Planck aether
hypothesis can avoid this problem because it views all particles as quasiparti-
cles of the Planck aether. According to the Planck aether hypothesis, it is
incorrect to visualize a many-body wave function to be composed of the
same particles which are observed before an interaction between the particles
is turned on. In the Planck aether hypothesis, where all particles are quasiparti-
cles, the interaction rather leads to a new set of quasiparticles, the wave
function of which can be factorized. This can be demonstrated for the wave
function of two identical particles moving in a harmonic oscillator well. The
well shall have its coordinate origin at x = 0, with the first particle having
the coordinate x; and the second one the coordinate x,. Considering two
oscillator wave functions iy(x) and s (x), with Y5y having no and {;(x) having
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one node, there are two two-particle wave functions:

Bxp, 1) = Yol (%) 2%%7
= (2/m)"2x, exp[— (F + x3)/2] £ —

)
Bxy, x2) = Yn(e)Polxr) 7/
= (2/m)"x expl— (o + 321 = 7, 4~ X}

%

graphically displayed in the x;, x, configuration space, with the nodes along
the lines x, = 0 and x; = 0. By a linear superposition of these wave functions
we get a symmetric and an antisymmetric combination:

il 1) = (U2 liole () + byCeriole)] éé

= (/™) + x)) exp[—(3 + x3)/2]

I

> X1

(5.2)

Yo, 1) = (U201 (ez) — Ui o)
= (™)@ ~ x) expl—(F + B)2] = ‘QS=M

If a perturbation is applied whereby the two particles slightly attract each
other, the degeneracy for the two wave functions is removed, with the symmet-
ric wave function leading to a lower energy eigenvalue. For a repulsive force
between the particles the reverse is true. As regards the wave functions (5.1),
one may still think of them in terms of two particles, because the wave
functions can be factorized, with the quantum potential becoming a sum of
two independent terms
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Such a decomposition into parts is not possible for the wave functions (5.2),
and it is then no longer possible to think of the two particles which are
placed into the well. This, however, is possible by making a 45° rotation in
configuration space. Putting

y=x+x
X = X7 — X (54)

one obtains the factorized wave functions

—x2+yHr

¢s=ﬁye

P, = —= xe”(F0D2 (5.5)
T
for which the quantum potential separates into a sum of two independent
terms, one depending only on x and the other one only on y. This means that
the addition of a small perturbation in the form of an attraction or repulsion
between the two particles transforms them into a new set of two quasiparticles
different from the original particles.

With the identification of all particles as quasiparticles of the Planck
aether, the abstract notion of configuration space and inseparability into parts
disappears, because any many-body system can, in principle, at each point
always be expressed as a factorizable wave function of quasiparticles, where
the quasiparticle configuration may change from point to point. This can be
shown quite generally, For an N-body system, the potential energy can at
each point of configuration space be expanded into a Taylor series

N
U= E App X Xy (56)
ot
Together with the kinetic energy
N
T=>
!

one obtains the Hamilton function H = T -+ U and from there the many-
body Schrodinger equation. Introducing the variables \/;,x[ = y;, one has

x? (5.7

SIE



2158 Winterberg

~

ﬂ
I
~Mz

N | —
<

M=

U= by (5.8)

kad
~

which by a principal axis transformation of U become

1
T=;EZ}2

w}

U= —1 (5.9)
T2

Unlike the Schrodinger equation for the potential (5.6), the potential (5.9)
leads to a completely factorizable wave function, with a sum of quantum
potentials each depending only on one quasiparticle coordinate. The transfor-
mation from (5.8) to (5.9) is used in classical mechanics to obtain the normal
modes for a system of coupled oscillators. The quasiparticles into which the
many-body wave function can be factorized are then simply the quantized
normal modes of the corresponding classical system.

For the particular example of two particles placed in a harmonic oscillator
well, the normal modes of the classical mechanical system are those where
the particles either move in phase or out of phase by 180°. In quantum
mechanics, the first mode corresponds to the symmetric, the second one to
the antisymmetric wave function. It is clear that the quasiparticles representing
the symmetric and antisymmetric modes cannot be localized at the position
of the particles placed into the well.

6. WAVE FUNCTION COLLAPSE

As von Neumann has shown, quantum mechanics consists of two quite
different procedures: (1) a deterministic evolution of the wave function by
Schrédinger’s equation, and (2) an indeterministic process whereby through
a measurement the wave function “collapses” with superluminal speed into
one of many alternatives, with the probability for one of the alternatives
actually to occur expressed by the wave function prior to the measurement.

In the Copenhagen interpretation, the wave function has no real physical
meaning, being rather the expression of our knowledge. As our knowledge can
change discontinuously following a measurement, so can the wave function. It
is for this reason that the collapse of the wave function can occur with
superluminal speed. Even though a measurement can always be carried out
by an instrument, the Copenhagen interpretation ultimately requires the exis-
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tence of conscious observers, introducing a highly subjective element into
the description of nature. With few places in the physical universe having
conscious observers present, the Copenhagen interpretation has not been
accepted by all physicists.

In a Newtonian interpretation of quantum mechanics, not only would
the Schrodinger equation have to be mechanistically derived, but superluminal
wave function collapse as well. One may wonder if superluminal wave
function collapse might not be in violation of special relativity, but there are
two reasons why this is really not the case. First, as Ehrenfest (1927) has
shown, a wave packet under the influence of an external force behaves like
a particle in classical mechanics. Accordingly, as long as the center of mass
of the wave packet does not assume superluminal velocities, there is no
reason against an internal superluminal motion within the wave packet. But
it is only this kind of superluminal motion which is required for wave function
collapse. Second, because the Planck aether has all the characteristics of a
medium, it can have wave modes with divergent phase velocities. As long
as the superluminal collapse velocity does not transmit a signal, there can
be no violation of special relativity.

To show how superluminal wave function collapse may perhaps be
understood as a mechanical effect of the Planck aether, we may choose the
Hartree approximation, the simplest approximation of (1.1), whereby the field
operators s are replaced by their expectation values d. = (s.) and ¥ =
(L), yielding the nonlinear Schrédinger equation

L 0bs A7
ih = 4+ Vzd): * 2ﬁcr§(d>”£d>: — b%do)d. (6.1)
ot 2my

By the Madelung transformation it becomes

A Vi 1
=+ V|—= ) = —2c*r;V(n- — nz) + —VQ.
P (2) crpVin. — nz) p Q-

M VenVL) =0 (6.2)
ar Pe¥e) = '

where

_ 2V
Q- = o Jns (6.3)
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is the quantum potential. For small-amplitude disturbances with wavelengths
large compared to the Planck length, one can neglect the quantum potential,
and obtains from (6.2)

9
(V. +V)=
6t(+ )=0

:%(V+ - V_) = —4cr3V(n, — nl)
ont 1

where n. = 1/2rf; + n%. Eliminating n’ from the second and third relations
of (6.4), one obtains the wave equation

2
gﬁ (Vi — V) =232V4V, ~ V) (6.5)
with the dispersion relation
w? = 2cH? (6.6)
For oscillatory disturbances the first relation of (6.4) implies that V_ = =V,
and hence n_. = —n’, whereby the total number density of the positive and

negative Planck masses remains unchanged. Accordingly, the wave does not
carry any energy and is “empty”.

Next we must consider the coupling of these disturbances with a particle
described by the Schrédinger wave function. We first consider the interaction
with the Schrédinger wave for a Planck mass. To be described by a Schro-
dinger equation , it must be distinct from the Planck masses of the Planck
aether. This is true for a Planck mass bound in a quantized vortex filament,
with the diameter of the filament equal to a Planck length. Being bound in
the vortex filament, the Planck mass executes zero-point oscillations deter-
mined by the uncertainty principle. This zero-point energy is #c/r, and it
generates a virtual phonon field surrounding the Planck mass with the strength
of this field equal to the strength of the scalar Newtonian gravitational field
of a Planck mass. Unlike the better Hartree—Fock approximation, the Hartree
approximation does not lead to quantized vortex solutions in the positive-
negative-mass Planck aether, but the Hartree approximation has the phonon—
roton spectrum of a superfluid, and a Planck mass bound in a roton would
qualitatively behave like one bound in a vortex filament. Therefore, to make
the analysis as simple as possible, we can use the Hartree approximation.

Assuming that all Planck masses belonging to the disturbances n’. are
bound in rotons, (6.2) gives the following set of small-amplitude equations,
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with the Planck masses bound in rotons generating a scalar gravitational
potential ®:

av.
= = =223V (nt — nt) — VO
or
an’
onx _LS_ V.V, =0
ot 2r,
V20 = 47Gmy(n! — nl) 6.7)

where as before we have neglected the quantum potential. With Gm? = #c,
and the second relation of (6.7), one obtains for the gravitational potential ®

v? %? = 2wV (V. — V) (6.8)
From (6.7) and (6.8) one then obtains

82
5 (Ve + Vo) = dmol(V. — V)

2
5672 (V. = V) = 28V4V, — V) (6.9)

As before, the second relation of (6.9) has wavelike disturbances obeying
the dispersion relation (6.6), but it has in addition also the special solution
V., — V_ = A = const. Inserting this special solution into the first relation
of (6.9), one obtains for (V. + V_) a solution rising in time:

V,+V.)= 211'(;)5(V+ - V) (6.10)
For V_ = 0, with o} = 2Gn,m, = *Gp, (6.10) becomes
t = 1/(4wGp)"? 6.11)

which is the gravitational collapse time for a mass of density p. If V_ —
—V,, by which the second relation of (6.9) approaches the “empty” wave
solution, one has ¢t — 0. The gravitational collapse time can for this reason
be substantially shortened in the presence of negative masses if the negative
mass flow is in a direction opposite to the flow of the positive masses.
Because the shortening of the collapse time occurs when the net average
density approaches zero, as is the case for the “empty” wave, we suggest
that this kind of gravitational collapse may serve as a model for wave func-
tion collapse.

Assuming that the ratio fiw/fiw, of the kinetic energy of the Planck mass
described by Schrodinger’s equation to the Planck energy is equal to (1V, |2
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— IV_IB/(IV,I2 + [V_1?), we can set near V_ = —V,, w/w, = (IV,| +
I'V_1)/IV, 1, hence (V, + V_)(V, — V_) = La/w,. We thus find for (6.10)
2= 2 6.12

4o 6.12)

Because the time for the collapse should be of the order ¢ ~ 1/w, one finally has
t = (4m) " Brjc (6.13)

A wave packet of width r of a Planck mass described by Schrodinger’s
equation would collapse with the superluminal speed

ve = rlt ~ (rlrp)c (6.14)

In generalizing this resuilt to a Schrédinger equation describing a mass
m < m,, we have to replace in (6.4) and (6.7) r, with ry = #/mc, and find
instead of (6.13)

t = (4m) Vryc (6.15)

with (6.5) remaining unchanged. For the collapse velocity we obtain instead
of (6.14)

v, ~ (rlrp)c (6.16)

For the collapse to proceed along the lines suggested by the model, the
wavelike disturbances of the Planck aether must be in phase. With the Planck
aether likely to be subject to large-scale fluctuations, possibly rising in propor-
tion to r'” as for a turbulent fluid, the mechanism for the collapse may not
work above a certain length. If this should tumm out to be true, then the
quantum mechanical correlations are going to break down above this length.

7. DISCUSSION

We have shown that the laws of quantum mechanics can be derived
from Newtonian mechanics of the Planck aether. We have also shown that
the Planck aether hypothesis removes the mystery of nonfactorizable many-
body wave functions in configuration space, because in the Planck aether
hypothesis all particles are quasiparticles of the Planck aether which through
an interaction may continuously change into a new set of quasiparticles with
factorizable wave functions. The remaining problem for a completely classical
mechanical interpretation of quantum mechanics is the collapse of the wave
function. The Copenhagen interpretation avoids addressing this problem, but
at a very high price, by demanding the presence of conscious observers. The
presence of negative masses in the Planck aether leads to a kind of gravita-
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tional collapse which might explain the phenomenon of superluminal wave
function collapse.

Finally, we would like to compare our theory with past attempts to find
a classical physics explanation of quantum mechanics. These attempts were
pioneered by Bohm (1952), who showed how a simple model could explain
the one-body Schrodinger equation by assigning the Schrédinger wave func-
tion the property of a classical field guiding the particle along a trajectory
disturbed by a Zitterbewegung of unknown origin. The next step was taken
by Fényes (1952) who postulated the existence of a Zitterbewegung of
unknown origin given by the diffusion velocity

2m\ n

He then showed that the Schrodinger equation can be derived from the
variational principle

as  A? mi{h Vn2
2 — .
SJn{ﬁ-—at+—(VS)+U+~—< )}dr—O (7.2)

where n and § are given by (3.15) and (3.18). A different proposal made
by Weizel (1953a,b, 1954) postulated as the cause for the Zitterbewegung
hypothetical particles called “zerons”. A somewhat different version of
Weizel’s idea was presented by Nelson (1966). All these proposals were
criticized by Heisenberg (1963). Bohm’s idea was criticized for failing to
provide an understanding of the many-body Schrodinger wave in configura-
tion space. Fényes was criticized for the lack of a physical interpretation of
the statistical laws he proposed. Weizel’s model, finally, was criticized because
it seemed to be in violation of the second law of thermodynamics, with the
zerons gaining in entropy in the course of the diffusion process. In the Planck
aether hypothesis, where the diffusion is caused by negative-Planck-mass
particles, and where in the course of the collisions the particles do not change
their velocity, the entropy does not change. Furthermore, since in the Planck
aether hypothesis all particles are quasiparticles of the Planck aether, with
multiparticle configurations expressed in terms of factorizable quasiparticle
wave functions, Heisenberg’s other criticism raised against Bohm’s proposal
does not apply either.

This brings us to the most difficult problem, superluminal wave function
collapse. An interesting idea toward an explanation has been made by Penrose
(1989), who gives strong reasons why wave function collapse might be related
to gravitational collapse. However, it is difficult to see how gravitational
collapse alone can explain wave function collapse in microphysics in the
absence of any other mechanism. The one “graviton” criterion Penrose pro-
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poses as a heuristic model remains unconvincing to this author. This problem
does not arise in the Planck aether hypothesis, where gravitational collapse
is greatly enhanced through the existence of negative masses.

In the Planck aether hypothesis the negative masses play the role of
“hidden parameters”, hidden indeed, because it would require an energy
comparable to the Planck energy of ~10' GeV to make them directly
observable.
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