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A SET OF GENERALIZED HEISENBERG RELATIONS AND

* In a recent note we presented 2 new prescription for
A POSSIBLE NEW FORM OF QUANTIZATION

"geometrizing" the space-time manifold (1) as an extension of Wheeler's

E. A. Rauscher! "wormhole” theory (2). Application of the new formalism, in the form
Lawrence Radiation Laboratory of geometrical constraints, was made to cosmological systems (1,3).
. ) : University of California
- Berkeley, California 94720 ' _ In this note, we present a generalized set of canonically conjugate
'v_Q . B ' . ' ) o variables obeying éommutation relations, in terms of universal

April 12, 1972 . :
constants, which are the generalized Heisenberg relations. These

variables, termed quantal units or quantized variables (5,%),

. geometrize the space-time manifold and can be expressed in generalized
As an extension of Wheeler's "wormhole" theory,

_ metric form given in Ref. (5).
we have developed a set of geometrical constraints in

. Table I contains the set of quantal units and their numerical
terms of physical variables, termed quantized variables

: . : values relevant to the calculations in this paper. The valués of the
or quantal units. One of these variables is Wheeler's .

universal constants used in evaluating the quantal units used in this

b
!
‘!‘

"wormhole" length. A generalized network of pair rela- 10 o
' paper are: c = 2.998 X 10 cm/sec, =105 10~ 7 erg~-sec, and

tions . of these variables 1is presented as a generalized 8 3 )
, ' G = 6.673 % 10~ —-Sﬂf—— These values are taken from the recent work
set of commutation relations in terms of universal con- . gm-sec :
stants, termed the generalized Heisenberg relations. : of B. N. Taylor, W. H. Parker, and D. N. Langenberg on the theocretical
. Two forms. of quantization are discussed as are some and experimental significance of the universal constants in gquantum
aspects of the ﬂature of quantization. Suggestediappli- : P electrodynamics gnd macro-quantum effects (6).
% catioﬁ of the theory is made fér'macro-COIlective quantum . In our extension of Wheeler's theory, we picture that the
: effects. Some parallel work in fhe literature is- quantal units represent "quantized" matter-energy and space-time in
..ﬁ? referenced and discussed. the form of physical variables in the manifold (3,5,7). In this sense,

a quantum is represented as a quantized or discrete entity as an aspect

of, and constituent,in the manifold. In the usual sense, "quantum”

* . . refers either to a "physical particle” or a dispersive wave packet.
Work performed under the auspices of the U. S. Atomic Energy -

One can also construct a wave-packet-like representation, as in

Commission. ;

+ ' . ‘ Ref. (7). for the quantized variables.
Participating guest, Lawrence Berkeley Laboratory.and Institute ’

of Engineering Research, Univ. of California,Berkeley;

Contract No. Noanr.2o00fQm)
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We shall consider new pair relations, of physical variables
in ‘quantal unit form, as elements of non-Abelian algebras. Two forms
of quantization are presented. Some recent related work is being
conducted by T. L. Synge (8) and by W. Silvert (9).

Inkfhe present work, two of the general Heisenberg relations

are the usual Heisenberg relations and four are new relations.. Two

distinct quantization procedures are defined; they are denoted primary

and secondary quantization. Primary quantization is that quantization
procedure in terms of thé quantal units,and secondary quantization is
that quantization procedure which is the ordinary or standard form of
quantization. The six pair relations of cahonically conjugate
variables (in terms of both primary and secondary quantization) form
commutation rgl&tions which are equal to ¥, ¢, £, 10, F, and w,
or combinations of these constants (10). These constants or combina-
tions of constants may represent a limit on the information obtainable
about the simultaneous observability of physical variables.

We have the usual Heisenberg relations between (z,p) and

(t,E) as indicated by the horizontal arrow (11) in eq. (1a), (1b),

n—

(¢, p] > 4 - | (1a)
‘[:t, 8] > 4. , (1b)

These relations are termed horizontal relations. Six paired relations
are represented in eq. (1a), (1b) as indicated by the arrows.

| The first pair of new relations are obtained as paired rela-
tions between the diagonal pairs of quantum variables (indicated by .

the diagonal arrows). These pairs are (£,E) and (p,t) and form

. universal constants- ¢ and % (12); The commutation relations between

the relatiors

[£,B] = o = ¢ (2a)
[p,t] = /e = 1 (2pv)
using the quantal'unit form of the physical variables given in Table I. .

" We dgfiﬁe £ =ch and 7 =sf/c as new, useful combinations of the

one spacé-like component of a four vector and the time-like component
of a four vector are equal to & or 1. DNow let us look at the third
possibility of the relation between pairs in eq. (la), (1b) by forming
the vertical pairs (£,t) and (p,E). In each case, we are considering
only one component of length £, which is an isotropic .space since
Zl = 22 = 25 and similarly for momentum, Py =Py = p3.

For the two pair relations. (£,t) and {p,E) related by the

vertical arrows, we have

R 2
PR 5,— (3a)
©[p,E]l = (ﬂE)%F = BF = 1cF = 1@ . ~ (3Db)

whéré F is the quﬁntal force, F = ch/G,' and (P = cF - is the quantal

power (see Table I). One can write [£4,t] and [p,E] in terms of X “
and F or £, 7, and (’. The form chosen depends on the application G
of the reciprocal of the term £/F appearing in eq. (3a) which also

appears in the stress-energy term of Einstein's field equations (1) as
81rGTik/ch = 8xF/t. Some atomic quantities (7) can also be expressed

in terms of ¢&/F.
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We can write [Z,t] = [xl’xh] and [p,E] = [pl,ph] for the

vertical relations using four-vector notation, where t 1is the fourth

~component of £, and E is the fourth component of . p. See Ref. (5)

for the metric interpretation of the relations (£,t) and (p,E) as
compared to the guantum interpretation of the relations [£,t] and
(p,E] in eq. (32) and eq. (3b). We can also write fﬂ,ﬁ} as
[xl,xh] and [p,E] as tpl’?h] for xh.= ict and p, =>i % E
for indices running 1 to 4. Of interest is the possibility that the
ponsimultaneous observability properties of the relations in gq.\(Ea)
and eq. (2b) may relate to "tachyonic” signal cémmunica£ion (13)
between space-like and time-like quantities across the null light cone.
Now let us form the eqﬁivalence relations of primary and
secohdary quantization; we shall see that the same relationship holds
for [2,p] =4 and [t,E] =¥ in eq. (1a), (1b) snd [£,E] = & and
[p,t] = 1 in eq. (2a), (2b), and for [2,t] = £/, for [p{E] = 1@
in eq. (3a), (3b), for both primary and secondary quantizatioh. The
primary or quantal unit quantized form of the vafiables £, p, t,

and E from Table I is the followihg:
v . %, _ o
(LY .
b= (F) _ L

(n/F)% . E

]

(wF S (ba), (W)

n

(tF)E (e), ()

[
It

and the secondary or ordinéry quantized form. is given as,

bl o o
b, - L Py = Bk = (50), (50)
8, = 2 E, = hv = % (5¢),(54)
ne
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where the quantity EO is the Compton wave length for a particle of

mass m and ty is the corresponding time t, = iy/es po =B/ is

‘the usual DeBroglie momentum and wave length expression, ad Eo = Yw

is the Einstein quantum energy relatioh.

The primary quantization procedure for the generalized Heisen-

. berg relations: [£,E] and [p;t] gives eq. (2a) and (2b). The

same results are obtained for secondary duantization. For a more
detailed discussion and proof see Ref. (9). The primafy guantization
procedure for the generalized Heisenberg relétions [£,t] and [p,E]
gives eq. (3a) and (3b), buf the secondary quantized variables in the

generalized Heisenberg relations gives,

£,t] = = (6
{ ﬁwz ) (6a)
2 ‘ o

[p,E] = nffiw). (6v)

Because of the relation of quantal power (? = ¢ and the guantal
frequency w = (F/n)%, and @ = cF =‘ﬁm2, the results in eq. (6a)
and (65) reduce respeg£iVely to eq. (3a) and (3b). |

Primﬁry and secondary quantiz&tidn are related by the saﬁe
equations; but primary quantizafion deals with the géometric structure
of the spéce-time manifold and ordinary quantization deals with the
physical particles (electrons, eté.) of the space-time manifold. The
relationship of partiéles and fields to'the geometry of the manifold
is given in Ref. (13). Fields and particles can be represented as
observables; whereas the geometry of the manifold is manifest through
geometric constraints. We have examined the cosmological implication

of these constraints (1). The effects of this gystem: of geometrical
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constraints on the macro-quantum behavior of large resonant collective
modes of oscillétion of a many—bédied media is presently under
investigation (7,15). Such a quantum description, as the resonance
instabilities in é dense, cooi, highly polarizable plasma, may depend
on the microstructure of the manifold.

Other related work is given in Ref. (16,17).

*KH
The author is grateful to Professor Paul Lieber for his
informative discussions of this work and to Professor John A. Wheeler
for his cqmments and encouragement on this and related ﬁork. Also the

careful reading and comments of Y. Stoné is appreciated.
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Hez;e and in Ref. (L4) we define £ = o and n =f/c as useful
combinations of universal c_onstants. In other_refe-r.ences, we
termed these quantities £' = chi and £ zH/c. 7

We will hereafter use the equal sign only instead of the > sign
as in eq (2). Note also that both 4 end x have the dimen-
s1ons of 1ength '

Tt should be noted that the expressions derived in Refs. (1,2) do
not depend on the choice of definition of the guantal units as

defined in terms of h or M. We define 3 ‘and N in terms

of A instead of h in order to form an analogy of our new

Heisenberg relations to the usual ones.
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physicel constants in a gef;er'g.lized‘ theory of physical dimension.

Table I. Universal quantal units.
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Quantal unit in terms

" of force,

£ and n 2

Numerical value of
quantal unitP

i

1 .
£ = ) - length B =
t = (—Gg) time ) t =
Ne
2
h\?2
m, = (G— mass m =
S\ '
E = (SG;h_) energy E =

P = (Bﬂ) momentum P =

O

\/ .
N~

N

cF

O}

1.60 X 107 cm

5.36 Xlo-hh sec

2.22 X 107 gm

1.25 % 1016 ergs

k.16 X 1010 gn-cm
sec

1.06 XlO-E’7 erg-sec

1.22° X ].’Ou9 dynes

: 9 cm
3.66 X 1077 ayne -

1.91 X ].0bB cycles/sec

L = angular momentum L =
4, - ' :

F=c /G force . S F =

.5 - By

@ - g— power ¢ -
(c‘i' 2

W= \GF ‘ frequency W =

a

The qua.nta.l \J.Elts are expressed
force, /G, £, n, and c.
‘as & = cﬁ and 1 =1/c.

in terms of the universal quantal

The quantities

In the evaluetion of the quantal units, the values of £ = 3.15 X 10

¢t and 1 are defined

-17

erg-cm and N = 3.50 X10'3 gii-cm have beéen used.
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