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o Be;keley,‘Celifornla 9Lk720
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ABSTRACT

'1 The concept of prlmary quantlzatlon is presented

v'“as 8’ proposed new: method of quant1zat1on in terms of
‘1Plenck unlts; The usual-or-ordlnary quantization |
:iprocednre is.termed secondery.quentlzationi Planck
*1Lun1ts are phy31cal varlables unlquely expressed in :_,:
'»1terms of universal constants such as Wheeler s worn—
-hole" length Z (Gﬁ/cB)2 Other phy31cal varlables
”i»such as time, mass, energy, momentum, and power can be
. expressed in-th;s mannex.-‘We deflne two dlstlnct.
_qnentizationiprocedufes,'primery andfsecondefy'and,
qidenonstrate'theii interrelation;fopgsome'etonic‘."

. quantities.
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I. INTRODUCTION
Recenfly we introduced two quantization procedures, primary
and secéndary{l’2 Primary quantization is quantization in terms Of.
Piahck units; and secondary quantization is the ordinary or standard
form of qdaﬁtization. M.. Planck5 introducedehat hé termed "natural
units," phyéiéa1.§ariables expressed uﬁiquely in terms of the universal

constants: ‘ﬁ':(Planck's constant), G (universal gravitational constant),

¢ (velocity of light) and k (Boltzmann constant). The quantities

_Planék;introduced are:

Z = (Gﬁ/cs)% = 1.60 X 1072 cm, (1a)
t ;: (Gﬁ/ciﬁé = 5.36 X 107 sec, - (1p)
m = ’(cﬁ/G)% - 2.22 X 107 gm, | - “ (1c)
,T/ =;1%’(cﬁ/g)%‘ - 3.60 X 1§52 degrees | ,‘ (14d)

for iength, time, mass; and temperature iespectively. The values of

the'gniVersal constants used in evaluating the Planck quantities are:

c

2.998 X lOJ‘O cm/sec, A = 1;055 X 10-27 erg-sec,A

16

G. erg/degree which

6;673vx 10f8 cmB/grm;Secg, and k = 1.340 X 10~
we:Q’thaiﬁgd‘from B. N.‘Taylor, W. H. Parker, and D. N. Langehberg;g

_ flaﬁck discusséd fhe universglity of thévexpressions in Eq. .
(la); (lb);‘(lc), and (1d), which comes about fhrdugh.their uﬁique
expreséibn,in terms of the universal constants. All-physical’variable35’6
gan'beFUAiduely expressed in terms of uﬁi?ersal consfants'and in.thié

form are termed "quantized variables."
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WE shéll demonstrate the way in which these forms of physical

variables‘représeht a form of quantization, termed primary quantization,

and the mannér in Which,primary and secondary quantizatioﬁ reduce to
the same:fofm. |

- J. A; Wheeler7’8 interpreted the "quantum of length," Eq. (la)
as a representation of the geometrical structure of space time. He

also introduces the quantum of energy and density as,

5

o -
@& 9/6)F = 1.25 X 10'° ergs | | (2a)

he
t

= -c5/G2&'1»-v'=_ 6.50 )(]..093 gm/cm _ | | (éb)

'and discussed atomic and cosmological aspects of these quantities. ‘

-

We have‘introduced additional quantized varia.blesl’5 such as
‘the quantum of force, frequency, and momentum,
F = ch/G = 1.20 X 1oh9 dynes . ~ - (3a)
o ; N - s . u
w- = (c¢?/dh)2 = 1.91 X107~ cycles/sec (3b)
3 %_ 10 o .
p = (ch/G)2 = L.16 X 107 gm-cm/sec. (3c)

i

" The primﬁrj quantized.quantities relevant to the pré;ent calculation
are-thqse‘injEé.v(la); (lc); (3a), and (3b). |

' We_shall‘show how the primary and secondary quantiéation
procédures are applied_to atomic lengths, energies, and maénetic-
Aquantities.' In Refs. :l and 5, we have demonstrated fhé manner in
which the two quantization procedureé reduce télthe saﬁé form'for the

asual Héisenberg relations and four new Heisenberg-like relations by

~1
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means of- the introduction of the quantized force and frequency,

'b.-Eq. (38) and Eq. (3b). In the next. section a generalized form or

hierarchy of the "quantum lengths' in atomic physics is also presented.
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'II.' PRIMARY AND SECONDARY QUANTIZATICN OF ATOMIC LENGTHS
Let ﬁs'look at the usual or ordinary quantized form of some of

the atomic lengths.' This is the form we. term secoﬁdary quantization.

[ 4
Using the secondary quantized lengths and substituting the quantized
mass for the particles mass in these expressions and using e? = ofic
for the charge, where «o 1is the fine-structure conétént, we form a
generalized primary form of these lengths in terms of the quantized
length.-
The first of the usual "atomic lengths" is the first (n = 1)
Bohr-orbit iadius, represented in its secondary quantized:form as
. £ ’
% = —3 - ()
, me
where m 1is the electron mass and e 1is: the charge on the electron or
any partial usually considered as elementary. The $econd length is the
ComptonAanelength'fbr particle of mass m,
)\.c = e " . | (5)
The third length:is the Iorentz electron radius,
,;. 62 ‘ -
m,C ;
‘where m, 1is the mass of the electron. The fourth length is the - e

Rydberg length in atomic spectra defined as

'_ﬂ = Tmuc = Ov’ . _ (7)

sP

where 1/12%p is the Rydberg constant.
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In their primary guantized form we have for the Bohr radius,

* B 2 ) : .
ﬁ_ (j I
w - i - cn) e
" . .
vwhere thevquantized mass is substituted for m which is usually the
electron mass.  Using the expression for the fine-structure constant,
we substitute e2 = cic into the above expréssionvand obtain
o 1 P
L _ A AV - L1 AGY o (9)
%~ F\&E) = alz)" - -
, . | ,
And from Eq (la), we see that 4= (/l'iG/c )¢, which is the Planck or
_quantizedhlength, so that -
ao = &- 2, ) ) (lO)
where « is the fine-structure constant.
The Compton wavelength, from Eq. (5), is given where m is
the qua.ntized mass as, |
| 4 3 G \° |
- a0 G \~° G R
AN T me T ¢ (Z) - (c3 = ¢ S (11).
which_isbdirectly equal to the quantized length ¢£.
The Lorentz electron radius becomes, using e2 = ofic - and
e | substituting the quantized mass for m_, the eleétron“m@ss,
] v : : 2 . . :
iy o o e 2 o v
. e’ » . re . L= —> = O _ao = aZ, . (12)
: me
e” _
where comparison to Eq. (11) is made to express r_ in terms of aq-
‘The primary quantized form of the Rydberg length is
1(5 N hﬂﬁ3c _ hﬂao by ' - . o :
Sp = = = —E- .. ) ’ ] ) : : (13) )
, melt a -y , oo LT
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Sd,>in summafy, the atomic primary quantized lengths in terms

of the.quantiZed length, £ and the fine structure constant, aq,

2,

&p | y
1
a_.o_ = a‘,@
Xc = 4
r = of.
e

(ha)

v(lhb)

(1kc)

(1kd)

The expressions. in Eq. (1ka), (1kv), (1kc), and (lhd) comprise our

géneralizédvform of atomic lengths in terms of the quantized length;

4 o= (Gﬁ/cj)%.

.“(

o
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ITI. THE RELATION OF LENGTH AND ENERGY
The manner in which energy and length are related in both
sécondafy and pfimary gquantization is the same.
In secondary quatiiation, we have ¢ = Ay, where A is length

and f is frequency and E = hv, so that -

x N (15)

In primary quantization, the quantal energy and length are

AN S
E = & ‘ ' : ' (}6a)
and
RPN (9%) S (16b)
- c
- so that E =%c/t or:
[E = (£,E) = He. : o o (17)

Fof a further discussion of the interpretation of Eq. (17) see
Ref. 1.
~ Each of our lengths [Eqs. (14a), (14b), (1kc), and (14d)] has

an associated energy, such as for the Rydberg length,

3 . v v .
R, - L= BT

: " me

the Rydbefg énergy’is .
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The varlables of length and energy are related to each other 1n formlng
‘ '4"a. product of E and E to equal 'ﬁc (see Ref 1)- Length can be- S

" obtalned from energy a.nd from length by d1v1d1ng length or energy by

4H This 1s true 1n both prlma.ry and secondary quantlzed representatlon.,."
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IV. MAGNETIC MOMENT, BOHR MAGNETON, AND
R S - CYCLOTRON ANGULAR FREQUENCY
The magnetic moment of an electron in a fixed ofbitv(or any

rotating charge) prodﬁéing an induced magnetic field B 1is given by

b= B S (20)
T e ’ .

where m, is the mass of the electron and g 1is the Land& g factor.

For exaﬁple,

. , % P
« - o enP () - G
for an atomic orbital electron. The Bohr magneton‘is'given as
eh
2m _c
e .

b= = 9.28.X 107" erg/gauss. - o (22)

The Bohr magneton (the natural unit of magnetlc moment) is

9

deflned as,’
p-o = 2m 2 ) ’ . (23)

where é/?m' is the gyromagnetic ratio. From Eq. (22) and the substitu-

tibnlo 0£  e =Q and quantized mass m,v ,
<: :) o (2
v ( ,Z, N : (25)

where £ is the quantlzed length Thus, from Eq. (23) we have

o
I
o=
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iiV;' SOME - COMMENTS ABOUT‘UNIVERSAL»CONSTANTS'AND
" PRIMARY ANDVSECONDARY'QUANTIZATIONJ |

éince the quantlzed varlables are.- expressed uniquely in: terms
of thevuniversal constants, the. 51gn1flcance of prlmary quantlzatlon
is tied directly to the theoretlcal s1gn1flcance of the unlversal
‘constants. | |

| PlanchBSohserved of the Planck_units, or as he termed them.

"naturalgunits" that they are independent of spatial'bodies or sub-
stances, which necessarlly retaln their significance for all time and
ail env1ronment. terrestlalv and human or otherwrse "since the& arer
expressed in terms of unlversal constants." | |

:There'has'been'much interest in the recent work of B. N. Taylor,

y

,W’ H. Parker, and D. N LangenbergLL on the theoretlcal 1mp11cat10ns of
dthe unlversal constants. The authors demonstrate the manner in whlch
the universal constants, may possibly unlfy the varlous dlferse _ |
branches of phys1cs (as has been suggested prev1ously) They determine
the value.of the Faraday constant, e/ﬁ in the . ac Josephson effect
_1n superconductors and experlmentally determlne this quantlty to be

the same value as that in o = e /Hc, the fine structure constant:

prominent in quantum electrodynamlcs They conclude that ”the universai

constants are an 1mportant link in the chaln of- phys1cal theory wh1ch

"blnds all the dlverse ‘branches of phy31cs together. - ' : T y
I C ' - . LA

: In'the prrmary quantlzed 1nterpretatlon of the,atomic’quantities~ E

in terms“of:quantized'variables,.we have demonstrated a possibie link;,'

of atomic¢ physics to other branches of physiecs such’as the coSmological.
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interpretation of the quantized variables formulated by T. A. Wheeler
and possibly to quantum mechanics itself. It is thus suggeéted that

 the present calculations may be an aspect of the proposal in Ref. k.

7,8
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VI. CONCLUSION

Priﬁdry and'éecéndary quantization methods have been presented
and compared. Application to some atomic qﬁantities have been made.
A hierafchy‘of atomic lengths has been calculated in terms of the fine
“structure constaht, a and the Quantized length, £ by use of the
qudntized mﬁss, ‘m. Also primary quantization of the Rydberg energy,
magnetic ﬁoment and cyclotron angular frequency is given. It is
suggesfed thdat the’Plénck units or quantized variables do represent a
form of_qUaﬁtization. The universality of the quantized variables in
Varioué ﬁf&néhés of.physics is suggested as a possible method to

develop a unifying element in physics.

4

]

-k
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