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Concept of discreteness, contmulty and the
Cantor continuum theory as related to the
life-time and masses of elementary particles
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It is shown that with the use of the Cantor continuum
theory it is possible to derive the systematics of the
lifetime and masses of elementary particles.

The theory gives a new meaning to the foundations of
quantum theary as Cantor’s theory deals with discrete-
ness and continuity, which is the essence of quantum
mechanics.

LETA A, ..., .+ A_ be the vagious possible physical events
anda ,ag .4

it G, G oo -, ete. be the various conditions which
generate the events, e.g. A, takes place when conditions g, ,
2,0, --.,a,_exist. We write all possibilities in a matrix
form as follows:

Events Sequence of conditions

A ) an au. al,l Tt aln

A 5 a, 4, Q, --- a,

A . a, a, d, ... " ., clc.

The values of the a’s can be 1 or 0 depending on whether
the condition is relevant or not to that particular event.

In order to convert the above matrix {o represent actual
physical quantities and be able to interpreg them as physical
laws, we invoke the Cantor diagonal construction which
Cantor used in showing the difference between the various
types of transfinite numbers, particularly between count-
able and non-countable infinities. The theory in itself is a
mathematical differentiation between continuous and dis-
crete quantities and can also be made the starting point for
the foundations of quantum mechanics, since it deals with
physical quantities, which under certain conditions are dis-
crete and tn others continuous.

It will be recalied that Cantor proved that if we measure
all the points on a continuous line, there are not enough
integers 1o count them all. The Cantor diagonal method
consists of writing all the points on a line lying say between
O and 1 (or in any continuous interval} in decimal nota-
tion'. LetS .S ,...,S, ...bepointsonastraight line. We
can presume that we can continuously count all the pointis
by taking the decimals to an infinite number.
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It will, however, be noticed that a number, say .S, will not be
found in the enumeration if S is created such that

S #* G'X{!l' X ) X X:ﬁ - s . X s - b

i1 22 LT

and each diagonal element is replaced.

This is because the particular diagonal element will
always be different by definition. This demonstrates that if
one tries to enumerate all the poinis continuously, there are
an infinite number of missing entries showing that a count-
able <o is different from a non-countable <.

This method can be used to determine the missing event
from matrix {I) for each diagonal. If, for some reason, the
events are all ordered, there will be only one such sequence.

After having shown the existence of two kinds of infini-
ties, Cantor went on to show that an infinite number of
infinities can be formed by what 1s known as the Cantor
continuum. The method consists of showing that from a set
of positive integers, it 1s possible 1o construct another set of
integers with a different cardinal number’. If a set A
consists of three integers (1, 2, 3,), a set B can be con-
structed {1, 2, 3,}, {1, 2,}, {1, 3,}, {2, 3.}, {1}, {2},
{3}, and O, 1.e. with 8 different elements. As shown later,
this continuum property’ can be used to get the levels of
atoms if a proper correspondence is made. Cantor has in
general shown that a set with 7 elements, can generate
another set with 2” elements of a different cardinal number.

From these very general considerations, we proceed to
consider the special case of atomic spectra and elementary
pariicies.

In classical and relativistic theories, we can Say that an
event either happens or does not happen. In quantum me-
chanics, we have a very different situation where evenis are
described by abstract wave functions whose interpretation
depends on probability considerations.
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The Uncertainty Principle further adds to complexity of
defining the conditions for an event. Even this is not
established until a measurement is made and digested by the
observer with a consciousness.

In this present matrix formulation, because of the exist-
ence of quantized parameters, wave particie duality and of
virtual states, it is necessary to assume that the matrix
elements could have values continuously between 0 and 1,
This could come about due to averaging effect over time or
as a result of the influence of other parameters.

In general, the differential equation provides causal rela-
tions in classical and quantum mechanics. In quantum
mechanics, the solution of the Schroedinger equation de-
pends on the type of boundary conditions one imposes on it.
Some quantities get quantized while others remain in a
continuum. For example, for a particle in a box, energy is
quantized while position remains in a continuum, Thus
their cardinality is different. We have from Cantor’s theory
of the continuum that n entries from a lower cardinality will
have for the next higher cardinality 2" entries.

Cardinality is used essentially to differentiate between
the discrete and continuocus. We consider an actual ex-
ample, from atomic spectroscopy to apply the Continuum
theory to quantum mechanics.

It is known that there is a certain natural width AE_
corresponding to an intensity distribution of a spectral line
emitted by an atom. In classical theory this is due to the
reaction force of the emitted radiation on the emitting
source. In quantum mechanics, following the perturbation
theoretic treatment due to Weisskopf and Wigner (see ref.
3), one gets a formula for AE, which is consistent with the
time - energy uncertainty relation where AE 1§ interpreted
as an estimate of the accuracy with which an energy level is
known, as Ar is the lifetime of the excited state of the
atom. The continuum of the line width thus coexists with
the discrete structure of the levels. At higher energies the
levels will begin to overlap and a continuum of
nonenumerable infinite number of states will come into
existence.

Let us assume that the ratio of the energy width in the
continuum state which is riding on the discrete structure and
the energy of the level, be propontionate to the ratio of the
number of discrete states (n) and the next cardinal number
given by 27,

ie. p(n/2')= AEJE, (1)

where 0 is some constant of conversion from cardinal states
to energy states and AL, = (% /Ar) is the spread of the level
of energy £ and is related to the time an atom can retain
excess energy before re-emitting it in the form of photons.

We now apply the above formula to the case of a free
electron falling to the various levels of the hydrogen atom,
Table 1 gives the cardinal levels, the simplest series of the
levels of the hydrogen atom and the energy widths,
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Table 1. Cardinality and the width of spectral lines of hydrogen for

constant p

Card Quantum £ (crgs) AE
No, No. 2" nf2?  Enecrgylevel  width {ergs)

] 8 2 0.500 3.37x10 W 1.7x10 ¥

2 7 4 0.500 4.39 2.2

3 6 8 0375 5.99 2.2

4 3 16 0.250 8.61 2.2

5 4 32 0.156 13.45 2.1

6 3 64 0.094 24.00 2.25

7 2 128 0.055 53.90 3

8 \ 256 0.031 21400 %

|

P — J—

The ratio of the values of n/2” and AE JE is nearly the
same provided we allow for the variation of the value of
AE,. p 1s some constant which has to have the value of
10—%. It will be noticed that the three levels which are
nearer the ground state could belong to a separate family
having a different cardinality, These first three levels could
be of cardinality 3 which in turn can give rise to 8 levels of
higher cardinality.

From equation (1) it was shown that the natural width of
the spectral lines of the hydrogen spectrum could be ob-
tained using the Continuum Theory of Cantor. Here we
show that the level spacing given by the theory is consistent
with the quantum theory of the hydrogen atom.

Let D be the level spacing of the hydrogen atom as
given by the Bohr formula.

D, =Const (1/p? - 1/g%), (2)

where p and g are the guantum numbers and the constant is
the Rydberg constant. From equation (1) we have D, 1.¢.

E -E
H m| " ”t
Di _ p( 2,1 - zm} ﬁEﬂ Em E,, (3)

Table 2 gives the values of D, and D,. Here the cardinal
number 8, which is also the number of discrele Jevels in
hydrogen, corresponds to the quantum number g =1, and the
ordering of the cardinal numbers is in the reverse order
to the quantum numbers. The last column gives p/AE,.

1t is known that the hiydrogen lings are grouped in various
series such as Lyman, Balmer, Paschen, ete. It, therefore,
suggests that p and AE need not necessarily be constant
but can have quantized values. In Figure 1, n/ 2En is plotted
against —~ Log E. The degeneracy of the hydrogen hnes
makes it difficult to bring out the changes in the values of p
and AE, Butthe changesnthe slopesare ¢learly visible as
we move fTom serics (o series.

Using the equations /AL = 0,06 X 1Q" (Table 2%
p(8/2") = AEJE, AEJE = AN /A, where X i the
natural line width, AA = 117 X 10* AU, and £ &= hc, P
tahes the value of 1 X 108,
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Figure 1. — Log E vs, n 2En showing the change in the values of p due to the formation of Lyman, Balmer and Paschen

series. The changes in the slopes are Clearly vistble.

Table 2. Cardwaluwy and the Bohr lheory of the fhydrogen atom

| 2 3 4 6 7 8
n n=1®
- [-2: N zn—l]z X Dy = -EHIH' 1a
(31 (4) ael L_ L x 101t (PAEQX 10

n a-1 (=Dafp) £, E,- 1><10?ﬁ{>(1026x23 P y p* qz Erg"'

8 7 6 11615 69690 2 | 16.5 0.06

7 6 10 1293 12930 3 2 3.06 0.06

6 5 16 124 5184 4 3 1.07 (0.052
5 4 24 L6 2784 5 4 (0.495 0.045
4 3 32 51.57 1650 6 5 0.269 0.04]

L pa 32 26.29 241 7 6 0.162 0 049
2 I G 1493 0 8 7 0.105 —

o g

P eyg—

i

For p= 1x10-* and cardinaliy 8, 1.e. quantum number I, AA the spectral width comes out 1o be | 17x10F AU, wiich is

the value given by quantum mechanics.

This value establishes a consistency between Table 1 and
2 and also establishes 3 consistercy between the Bohr
theory of the hydrogen atom and the present work.

We now apply the Cantor continuum principle to another
branch of physics which deals with elementary particles.
Earlier the energy levels of the hydrogen atom were consid-
ered because of the elementary nature of the particles in-
volved, and the fact that the probiem had been solved by
quantum mechanics and could be used to compare the
results of the two theories. The theory of elementary
particles concerns problems in the forefront of physics and
the solution s far from complete. An attempt is made to
derive some order in the distribution of masses of ele-
mentary particles as it is essentially a problem of energy
levels, The Cantor continuum principle is so general that it
can be used in principle to the study of all physical problems
involving discreteness and continuity. It is not possible to
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apply the present theory to problems where there is close
interaction between particles as in the case of nuclear phys-
1cs, but it could stand a trial with isolated elementary
particles.

If 7, is the life-time of an elementary particle, its energy
width is given by #%/T,. If M is the mass of the particle in
ergs and C 1s some constant, we have from equation (1)

AEJE=HT ,M=C.nJ2"

Since we know from experimental data the lifetimes of
many of these particles and their masses, we can determine
the values of C.nf2", By considering different values for the
constant C and by selecting the values of the cardinal
number for various values of C, it can be shown that for
values of C=10E-1, C=10E~8 and C=10F£ - 15, the
values of log 71 /TM when plotted against log n/2" give
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Figure 2. Famlies of elementary paiticle and cardinal number determining dincreteness and conhnuity. {F1gures (o brackety
denote cardinal numbers.) For representing the information from Table 3 in this higure the nearestantegers have been used for

the Log. values.
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straight lines. From Table 3 and Figure 2 we can infer the
following:

(a) Itis possible 1o see some ordering among the masses
and life-times of elementary particies through the choosing
of an appropnate cardinal number,

(b) Though the choice of the cardinal number may seem
arbitrary, the intercepts of the three lines grouping the
particles divide them according to their life-times, as fol-
lows:

(1) Those whose life-times are between 1000 sec and
10 3 sec.

(2) Those whose life-times are between 10 sec and
10- ¥ sec, and

(3) Those whose life-times are beyond 10" sec and
10 * sec.

(c) It is seen from Figure 2 and Table 3 that particles
described as strange {Str), charm (Chm) and bottom (Bot) are
found in the sides of triangies ABC, CDFE and FGI respec-
tively. It suggests that ¥’ should be a strange particle. All
particles found at H are hyperons. One could expect new
particles at points marked D, G and }.

(d) The cardinal aumber by itself represents the overlap
of the continuous elements with the discrete elements as
given by equation (1). For example, the neutiron has a high
cardinal number of 39. This means that 115 discreteness and
thus its identity/reality is well preserved. In the case of those
with lower cardinal numbers further investigation 1s required
to see whether it is possible to connect their interactive
properties, implying that 2 high component of continuous
elements implies a greater capability of interaction with other
particles leading to a foss of its identity.

Real and virtual events

We now associate all observable events with the possible
sequence of conditions given by the matrix and associate all
virtual events, which as we know are predicted by quantum
theory, with an infinite number of the missing sequences,
i.e. those different from the diagonal elements of the matrix.

If all the observable physical evenss are described by the
elements of the matrix and if all virtual evenrs are associ-

Table 3. Cardinality and ordering of elernemary particles

| 2 3 4 5 6 7
Mass (M)  Decay time
Particle (1inergs) (T) (secy) i (bar) T™ " nf2’ C
Mesons and baryons
. I Pwon 0.2243E-3  2.6E-08 1.8E-16 5 [.5E-1 E-15
2. " Pion 0216E-3 8.7E-17 0.56E.7 29 0 54E-7  E-O
3. p Meson  J.232E-3 4.3E-24 0.198£-0 5 0.156E-0 E-O
4. ® Meson  1.25E-3 0.67E£-22 1.25E.2 9 1 8262 E-0
3. p  Meson Q.169E-3 2.197E-6 298£-19 15 3. 1E-4 £-15
6. t Meson  2.854E&-3 0.3£-12 .2E-12 17 1.3E£-4 E-8
Strunge paritic les
7. K* Kaon 0.789£-3 1.24E-8 t.O7E-16 6 0.94E-1 E-15
8. ¢ Mecson 1.OI9E-3 1.5£-22 6 B6BE-3 |l 5.0£-3 E-0
9. K® Kaon 0.78QF-3 52F-8 0.25€-16 8 031E-] £-15
or 89E£-11 0.15E-13 24 [ 43E-6 E-8
Charm purticfes
10. D" Meson 2.97E-3 4.4E-13 0.8E-12 21 1.29E-4  £-8
tl, O* Meson  299£-13 9.2E-13 0.38E-10 12 029E-2 E-B
12. n, Meson 0.876£-3 6 OF-18 0.2E-6 27 0.19E-6 E-O
13, JMY Meson AD9T7E-3 1 GE-20 34E-3 12 2.9E-3 E-0
4. ¥ Meson  3.77E-3 0.26£-22 0.0107E£-0 9 0.01BF-0 E-0
Besttom
15 Bt Meson  8.43E-3 14.2E-13 0.88E-13 21 1.0E-5 E-8
6. B" Meson §44£-3 14.2E-13 0.3RE-13 21 1.OE-5 E-3
17. ¥ Meson 15.13£-3 1.5£-20 0.46E-5 22 0.52E£-5 E-0
18. n, Mewn  5.48E-3 6 0L-18 3.19£-8 30 279E-8 E-0
19 n  Neutron 1.504E-3 898 1.RE-26 39 T 0E-11 E-15
Hyperons
20, A 1.7B4£-3 2.6E-10 22£-)1 20 1.91E-5  £E-R
21, 1.502E-3 O.8E-(D 69E-15 23 745E-7  E-8
22. ¥ 1 907E-3 5.8E-20 0.9E-5 21 1.00E-5  E-0
23, ¥ 1.915E-3 1.48£-10 3.7E-15 26 IBE-T E-8
24, =¢ 2.103£-3 2.9E.10 1.7E-15 27 2.0E-7 £-8
25. =- 2.113£-3 1.642E-10 3J.0E-|5 26 3 8E-7 E-8
26, Q 2.0875E-3 0.822E-10 4.7E-15 26 3.8E-7 E-§
27. A 3 649L-3 2.3E-13 1.2E-12 17 1.29£-4  E-8

A

"~
-

476

CURRENT SCIENCE, VOL. 65, NO. 6, 25 SEPTEMBER 1993

ey S



RESEARCH ARTICLES

ated with the missing sequences, which now form a set by
themselves, it provides for a ‘duality’. This arises because
for every real event A, there is a virtual event A', opposite in
character, since a one-to-on¢ correlation exists between A
and A". Every sequence in the missing set arises from an
element denied in the diagonal set.

Whether the wave and particle nature of matter which
are both observable, are found in A or A’, depends on
whether events belong to etther (A )'s or (A')’s respec-
tively. Iralso depends on the validity of the Complementarity
Principle of Bohr. If particle and wave behaviour are
described as both belonging to A only, then the wave and
particle property can be observed simultaneously which is
contrary to that predicted by Bohr (see ref. 4). If one is
from event set A and the other from set A’, their detection
will be mutually exclusive.

Conclusion

This work is based on Buddhist Logic of Conditional Real-
ity, Kshana and Nothingness’. In the matrix [, if the causes
of events are dependent on each other it leads to what is
known as ‘conditioned reality’. While in classical physics,
space and hime are separate, 1n reality this 1S not so and it

leads to new physics. In quantum mechanics, the wave
nature 1s merged with particle nature and leads to many
paradoxes but this is all a part of ‘conditioned reality’.
"Kshana’ is the theory of time averages and ‘nothingness’ is
the existence of virtual states. These are described in a
forthcoming paper entitled “Causality,;cardinality and con-
ditioned reality’ in the project of history of Indian science,
phtlosophy and culture, Calcutta.
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Indian strains of hepatitis-C-virus: Prevalence
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A simple polymerase chain reaction (PCR) method for
detecting Indian strains of hepatitis-C virus (HCY)
directly uvsing serum samples is described. Owing to
known genetic variability in HCV strains, commonly
used primers for detecting US and Japanese strains were
found unsuitable for Indian strains. We report the suc-
cessful use of primers designed from minimum varjable
regions of the HCV genome for detecting Indian strains
of the virus by PCR. The PCR products have been
authenticated and one of them sequenced. We also show
that the method we have developed can detect the
presence of HCV in ELISA-negative (using commer-

cially available kits) patients who had received blood
transfusion,

THE existence of a parenteral non-A, non-B (NANB)
hepatitis agent was first reported' 3 in 1989, A number

CURRENT SCIENCE., VOL. 65, NO 6. 25 SEPTEMBER 1993

of reports based on enzyme immunoassays indicate that
this virus, termed hepatitis-C (HCV), 1s a predominant
cause of post-transfusion NANB bhepatitis around the
world2#~%, Anti-HCV is associated with most commu-
nity-acquired NANB hepatitis cases in the United
States*? and Western Europe®?®!! and is a major
cause of cryptogenic chronic liver disease in Italy'% In
addition, anti-HCV is associated with most cases of
hepatocellular carcinoma (HCC) in Japan??, Italy*! and
Spain’®. On the other hand, practically no information
is available on either the prevalence or the nature of
HCV in India.

More than 50% of the patients who acquire acute
HCV infection develop chronic hepatitis'®. Clinical
manifestations of HCV infection include acute hepatitis
which may be resolving or fulminant, chronic hepatutis,
cirrhosis and hepatocellular carcinoma. Some of the
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