
Bulgarian Journal of Physics 23 Nos 3/ 4 (1996) 116- 128 

A SOLITON-LIKE MODEL FOR THE PHOTON 

P. KAMENOV, B. SLAVOV 
Faculty of Physics, University of Sofia, 1164 Sofia, Bulgaria 

Received 7 March 1996 

Abstract. Recently J. P. Vigier showed [I] that the photon can be represented as 
a solitary electromagnetic wave - a soliton. As a consequence one can ascribe 
to such a solition effective volume, amplitude and frequency which coincide 
with the frequency of de Broglie's wave (measured by interference phenomena). 
In this paper we propose a soliton-like model for the photon. We show that 
the electromagnetic amp litude, the volume, the classical cross-section and the 
photoeffect cross-section of the photon-soliton can be estimated in an empirical 
as well as in an analytical way. In the framework of our model the relation 
between the electromagnetic amplitude of the soliton and its frequency that we 
found seems to be an universal one, in sense that it may not depend on the specific 
quantum system considered. We show that there are no essential contradictions 
between our photon-soliton and some well-known facts such as the interactions 
in the case of photoeffect and Compton effect. 

1. Introduction 

The pioneer work of Russel [2], where he describes the hydrodynamic solitary wave, 
has undergone an impressive development in recent years (3 - 5]. It has been applied 
in different areas, including the description of cosmic objects and elementary particles. 
Recently J. P. Vigier proposed [1] a three-dimensional nonlinear relativistic model for 
solitons. He showed that the photon can be represented as a solitary electromagnetic 
wave - a soliton. As a consequence one can ascribe to such a soliton effective volume, 
amplitude and frequency which coincide with the frequency of de Broglie's wave 
(measured by interference phenomena) and all of them are preserved while propagating 
in vacuum. 

In this paper we describe in details a model of the photon as a soliton. Our photon
soliton model started with the statement that when in a quantum system a quantum 
transition takes place, the emgy always has a fixed value and if the photon is an 
electromagnetic soliton, it must possess a fixed amplitude of its electromagnetic field. 
As a consequence there should be a connection between the amplitude (Ea) of this 
electromagnetic field and the frequency of the photon-soliton (w).This connection we 
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establish in Sect. 2. We show that the electromagnetic amplitude, the volume and the 
classical cross-section of the photon-soliton can be estimated in an empirical way. 
Describing the photoeffect of the photon-soliton with the Hidrogen atom in Sect. 3 we 
obtain the relation between the amplitude and the frequency of the photon-soliton in 
an analytical way. In Sect. 4 we show that this relation seems to be an universal one, 
in sense that it may not depend 011 the specific quantum system considered. Using 
empirical and theoretical arguments in Sect. 5 we discuss some specific interactions 
of the photon-soliton and the coITesponding cross-sections. We show that there are 
110 essential contradictions between our soliton and some well-known facts such as 
the interactions in case of photoeffect and Compton effect. In Sect. 4 some general 
conclusions and questions are being made. 

2. Empirical Soliton-like Model for the Photon 

Starting from the statement that the photon can be considered as a solitary electro
magnetic wave - a soliton, we first establish a relation between the frequency of the 
photon-soliton and the amplitude of its electromagnetic field. The existence of such 
a relation allows calculation of the photon energy that is the same as the one for a 
classical electromagnetic field. For the latter it is well-known that the energy can be 
calculated according to 

(2.1) 

where Eo is the effective value of the electric field (see Fig. 1) and V is the volume 
occupied by it ( e. g. a radar pulse). 

E 

Eo 

Ho~~~~~~~~~ 
H 

Fig. 1. Schematic representation of the electromagnetic field of the soliton, 
the effective time te and the amplitudes Eo and Ho 
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The energy of the single photon is given according to an entirely different relation 

J = f)W (2.2) 

where n is the Planck's constant and w is the frequency measured by interference 
phenomena. It is generally considered that there is no connection between the frequency 
wand the amplitude Ea, so that expressions (2.1) and (2.2) cmmot be obtained one from 
the other. This statement is surely valid for the classical elctrodynamics (many photons), 
but may be invalid in the case of quantum physics (one soliton). Moreover, when a 
quantum transition takes place, the energy always has a fixed value and if the photon 
is an electromagnetic soliton, it must posses a fixed amplitude of its electromagnetic 
field. In this case one should expect there to be a relation between the photon frequency 
and the amplitude of its electromagnetic field. 

Before we continue with the further description of the photon-soliton, we may have 
a look at the above-mentioned problem from a different point of view. Let us consider 
an atom with an electric field of the first electron shell of E. The frequency of the 
photons with energy equal to the ionization energy J0 = liw0 is w0 . To find out if 
a correlation between the electric field and this frequency exists, we calculate E for 
different atoms according to 

(Z - <7)e 
E = 2 . 

ro 
(2.3) 

Here Z is the atom number, <J = 1 is the shielding factor for all atoms except those 
with Z < 2, e is the electron charge and r0 is the average distance between the nuclei 
and the electrons in the first orbits. w0 is calculated from the experimental ionization 
energies. The results show that in the frame of the accuracy of the experiments the 
ratio 

(2.4) 

is constant. This fact supports the statement that the electrostatic fields (E) which 
bind the electrons in all atoms are connected with the frequency (w0) of the photons 
(solitons) whose energy is equal to the energy of ionization. We can estimate J{ 0 from 
the energy of ionization of the Hydrogen liw0 ~ 13.6 eV and (2.3) (for Hydrogen also) 

e
2 

- 35 -1 
Ko= 43 ~3.3x10 gscm . 

rowo 
(2.5) 

Continuing with the description of the photon-soliton we can estimate the effective 
lenght of the photon-soliton if the time for emission (absorption) of a photon in an 
atomic system is known. With this purpose let us consider an atomic system with 
states defined by principal quantum numbers m, and n(m > n). Most authors accept 
that the quantum system does not emit when occupying one of the states (m or n). 
While following a stationary trajectory (guided by the real de Broglie's wave) the atom 
does not emit an electromagnetic wave. It does that only during a transition where the 
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radial coordinates change for a very short time interval. According to Pauli [9] the 
quantum transition (rm ---> rn) takes place for a time interval of the order of~ 7r/w. 
For our fmther discussion it is enough to accept that the time for emission (absorption) 
of the photon depends on the frequency as stated by Pauli 

bo 
te = -

w 
(2.6) 

where the dimensionless constant b0 may depend on the type of the quantum system
atom, muonic atom (see Sect. 4), nucleus etc. 

Smee we accept that the single photon is a solitaiy electromagnetic wave - a soliton 
[l], we have concluded that the enrgy of the soliton (2.1) must be equal to the energy 
of the photon (2.2) 

(2.7) 

To calculate the soliton volume V we must know the effective lenght le and some 
effective classical cross-section Se of the soliton. In order to obtain them we need 
the effective time (2.6). In our case the electromagnetic field and the effective time 
are connected as shown in Fig. 1. The exact behaviour of the function E(t) is still 
unknown, but it is not necessary for our irivestigation. It is sufficient to know that 

00 

j E(t)dt = Eote . 
0 

(2.8) 

If the effective time of emission (te) of a solution from quantum system is detennined 
by (2.6), the lenght le is given by 

l 
_ cbo 

e-
w 

(2.9) 

where c is the velocity of light. 
For the dependence of the cross-section Se of the solution on the frequency w we 

find out that the reasonable one is 

ao 
Se= -

w 
(2.10) 

where ae is a constant with dimension [ cm2 s- 1]. To throw some light on statement 
(2.10) we substitute the volume ill (2.7) by using (2.9) and (2.10) and receive 

(2.11) 

As a result of definition (2.10) the relation between E 0 and w (w determined by 
iriterference phenomena) becomes 

EJ Ii 
- = -- = K = const 
w3 aoboc 

(2.12) 
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Trying to obtain some approximate estimations for the constant ratio E6w3 = J{ we 
compare (2.12) to the result obtained in the case of atoms (2.4) and (2.5). Although that 
may be J( o -/= J(, the laws themselves are identical. This indicates that the definition of 
the cross-section (2.10) and our soliton-like model as a whole are not far from reality. 
The two constants may differ only quantitatively, and it is logical that the soliton field 
Ea must be greater or equal to E since otherwise (Ea < E) the classical soliton cannot 
tear out the electron and produce a photoeffect (see Sect. 3). 

Whether the two constants (Ko for the atoms and J( for the solitons) are equal or 
not one can find out from the experimental photoeffect cross-sections (see Sect. 3). If 
we assume that they are equal, and using (2.11) and (2.5) we can estimate the value of 
(aobo) 

(2.13) 

Relation (2.12) is a very severe requirement for the structure of the soliton-photon. 
This is clear when one takes into account. that the constant K must be valid for every 
photon emitted from a quantum system and propagated at a ve1y great distance, since 
the volume (V), the frequency (w), the amplitude (Ea) as well as the interactions with 
quantum systems (atoms) must be preserved. 

3. Analytical Description of the Photon-Soliton 

In this section we show that our photon-soliton allows a better understanding of the 
photoeffect, the Compton effect etc., having in mind that due to (2.6) the time for these 
interactions is very short and has nothing to do with the meanlife time of the states. 
As a result we can obtain the relation between the amplitude and the frequency in an 
analytical way. 

The photon-soliton and the photoeffect: Let us consider the photo-effect caused by 
such a photon-soliton when interacting with the sin1plest atomic system - the Hydrogen 
atom. Since the photon electric field (Ea) acts on both electric charges (electron and 
proton) in opposite directions, the momentum of the electric force is given by 

eEote = J2rnoJo + 2rnov (3.1) 

where e is the charge of the electron, te = b0 /w is the effective time of interaction (2.6), 
mo is the electron mass, J0 is the electron binding energy, .../2rnoJ0 is the momentum 
necessary for the ionization and v is the velocity of the knocked out electron. Since 
the absolute values of the momenta of the electron and the positive ion (proton) are 
equal the second tem1 on the right hand side of (3.1) is equal to 2n1-0v. 

In the case when the photon energy is exactly sufficient for the ionization (v = 0) 
we obtain 

(3.2) 
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where IM is the energy of the photon equal to the ionization energy J. After some 
transfonnations we received 

E6 2nion 
- - -- (3.3) w3 - b2e2 . 

0 

That is the analytical expression of the relation between the amplitude of the soliton 
Eo and its frequncy w that we were looking for. 

The empirical expression for the ratio between the Coulomb field in atoms and the 
photon frequency which corresponds to the ionization potential (2.12) that we found in 
Sect. 2 is proportional to (3.3). Therefore, in order to ionize the atom in the discussed 
above photoeffect model, it is necessary the soliton field Eo to be at least proportional 
to the Coulomb field E in atoms. When the latter varies in a way different fonn (3.3) 
our soliton model may be incorrect. To clarify this point we derive the desired relations 
analyticaly. 

The relation between the Coulomb field in the atoms and the photon frequency 
which corresponds to the ionization potential: In Sect. 2 we found the relation be
tween these quantities in an empirical way. Now we would like to have an analytical 
expression of this relation. Let us take into account the equation for the Coulomb field 
which acts on the K -shell ( n = 1) 

E _ (Z - CT)e 
rl - r2 

1 
(3.4) 

where Z is the atomic charge, r 1 is the radial coordinate corresponding to quantum 
number n = 1 and CT is the shielding factor. The ionization potential defined by the 
same quantities is 

lr1 = - (Z - CT)e2 
2r1 

The frequency of the photon can be calculated using Mosley's law 

2 ( 1 1 ) w = Ro(Z - CT) - - -
n2 rn2 

(3.5) 

(3.6) 

where Ro is the Rydberg constant. When m --> oo and n = 1, the calculated frequency 
corresponds to a photon with energy equal to the ionization potential. With the help of 
(3.4), (3.5), and (3.6) the quantities r 1 and (Z - CT), which are difficult to calculate, are 

4 

excluded and substituting Ro = 
11;~~ we obtain for the relation we are looking for 

E 2 8m0n 
~1 = --2 - = Ko R:J 3.3 x 10-35 g s cm- 1 . 

w e 
(3.7) 

Comparing this value to the empirical value of this ratio (2.5) we see that they 
are equal. We would like to stress that Er1 is the Coulomb field in any atom (for 
n = 1) and w-the frequency of a photon whose energy is just equal to the K-shell 
ionization potential. If we compare (3 .3) to (3. 7) we see that they differ only .in the 
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unknown factor b0 . This indicates that our soliton-like model may prove to be correct. 
Expressions (3.3) and (3. 7) are identical although they are obtained in two independent 
ways. Moreover, they have different physical meaning - (3.3) gives the connection 
between the amplitude of the soliton and its frequency, while (3.7) gives the connection 
between the Coulomb field in the atom and the photon frquency (for energy J equal 
to the ionization energy). Assuming that K = Ko we receive b0 = 1/2. 

The soliton energy: We obtain the energy of the soliton directly from (3.3) 

fiw = J = E2 ( b§e2 ) . 
0 2mow2 (3.8) 

Comparing this to (2.7) we find out the following analytical expression for the 
quantity V 

(3.9) 

The dimension of this quantity is volume, and we treat it as an effective volume of 
the soliton. Then the energy of the individual photon is consequently expressed as the 
energy of an electromagnetic field occupies certain volume. 

The soliton momentum: Our photon-soliton model implies that the soliton mo
mentum is due to the magnetic field Ho which is perpendicular to Ea (see Fig. I) and 
accelerates the charges in the direction of propagation of the soliton. The momentum 
transferred to the charges (in the direction of propagation) is 

v 
p = -eHote. 

c 

Here the action time te is the same as the action time of Ea. 

(3.10) 

Since the magnetic force can be defined by the charge velocity in the direction of 
E 0 , we obtain from (3.1) for the velocity (J = 0) 

eEote 
V=--. 

2m0 

For vacuum Ho= Ea, te = bo/w and taking Ea from (3.3) we receive 

e2 E 2t 2 fiw J 
p=--O_e=-=-. 

2moc c c 

(3 .11) 

(3.12) 

The imediate conclusion is that the in-this-way-constructed soliton posesses the same 
mechanical momentum as the photon and the Compton effect can be explained as usual. 
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4. The Photon-Soliton and the Muonic Atom 

It is well-known that photons with equal energies are identical. Assuming that photon
solitons with equal energies are also identical and it is obvious that a basic relation 
like (3.3) should not depend on the type of the quantum system which absorbs them. 

To analyze this point one can repeat the calculations for the photoeffect but consid
ering the interaction of a soliton with a muonic atom where the electron is replaced by 
a muon. Since the masses of the electron and the muon are dfferent one could expect 
connection (3.3) to be different for the muon. More precisely in the muonic case in 
place of expression (3.3) we have 

E6 = 2Mn = K 
w3 b2 c2 (4.1) 

where M is the mass of the heavier particle (muon). 
If the basic relation (3.3) should not depend on the type of t11e quantum system 

which absorbs the photons the constant b must be different from the constant b0 . In 
that case Ko = J( (b i= b0 ) and we have 

and 

2mon 2Mn 
b2 e2 - b2 e2 

0 

b2 
0 

b2 
mo 
M 

(4.2) 

(4.3) 

The difference between the constants b0 and bM shows that the effective transition 
time for absorption of the soliton in those systems is different because of the different 
masses of the paiiicles participating in the photoeffect. It is clear that in the framework 
of our photon-soliton model if relation (3.3) should be independent from the quantum 
system considered the connection between the interaction time in the two cases should 
agree to relation ( 4.3). 

In order to show that this conclusion is correct we verify Eqs (4.2) and (4.3) by 
investigating the problem from a different point of view. Let us remind that the only 
difference between both quantum systems is the substitution of the electron with a 
moun. In that case the Coulomb field (E) will be one and the same for levels which 
have equal radial coordinates, i.e. r.mn = T!Vf . For such levels the principle quantum 
numbers are connected by the relation 

n217,2 n2n,2 
r = Tf\1 = _o __ = -- . 

mo m 0 ze2 M ze2 
(4.4) 

Here no is the principle quantum number for the Hydrogen atom, and n is the one 
for the muonic atom. Thus for states with equal radial coordinates (and equal E) we 
obtain the following relation 

(4.5) 
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The energy levels in both systems are given by 

and 

Mz2 e4 

Ir11 = - 2/i2n2 . 

Substituting n 2 in (4.7) we obtain 

(4.6) 

(4.7) 

(4.8) 

The conclusion is th&t particles from both quantum systems (electrons and muons) 
occupying levels with equal radial coordinates have equal binding energies. 

What remains to be shown is that the two parameters b0 and b are related to each 
other by (4.2). Let us assume the two quantum systems (the Hydorgen atom and the 
muonic atom) to have equal energies on the first and the second level. When a transition 
talces place, both systems emit (absorb) equal energies. Since the transition occurs only 
when the radial coordinate changes, we assume that the emission is a result of the 
radial acceleration of the charges. In the initial state rm the radial acceleration is zero 
(no emission), the same holds for the final state rn. Since the Coulomb fields (E) and 
the correasponding forces (F) of the two quantum systems are equal the average radial 
accelerations can be defined as follows: 

and 

Ji' 
a=

ni0 

Ji' 
a=-

M 

for the electron and the muon respectively. 

(4.9) 

(4.10) 

Both periods of time t e and T during which the transition (rm --> rn) takes place 
can be expressed as follows: 

1 2 1 2 
(rm - rn) = 2aote = 2at . (4.11) 

By substituting the expressions for the acceleration from (4.9) and (4.10) we obtain for 
the squares of the time periods in the case of equal transition energies 

(4.12) 

which coincide with (4.3) 
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These results show that the most important relation in our photon-soliton model 
obtained through the photoeffect realized with an Hydrogen atom is identical with the 
relation obtained in the case of photoeffect with a muonic atom 

E6 _ 2mon _ 2Mn _ K 
w3 - b2 e2 - b2 c2 - . 

0 
(4.13) 

This result indicates that for the photon-soliton the connection between the electro
magnetic amplitude and the frequency may be an universal one. A different problem 
remains if this conclusion can be valid for the nuclei too. 

Another important result is that although the time periods for interaction of the 
photon- soliton with particles of different masses are different (bo =F b) in case of 
photoeffect still solitons with equal energies cannot be distinguished from each other 
either energetically or spectroscopically. This is because the main connection between 
the electromagnetic amplitude and the frequency as well as the volumes in case of 
solitons with equal energies remain the same. A difference may occur only in the 
classical cross-sections of the solitons. This is a problem which requires a special 
analysis. 

5. The Macroscopic Cross-Section of the Soliton and the Photoeffect 
Cross-Section 

From the expression for the effective volume (3.9) and the effective length of the 
soliton 

(5.1) 

follows that the macroscopic effective cross-section is 

V b0e2 

Se= - =---. 
le 2mocw 

(5.2) 

For b0 = 1/2 the cross-section Se can be calculated for any energy of the solitons 
(see Table 1 ). If we assume that the photon-soliton posesses an effective cross-section, 
this cross-section should be related to the probability of interaction f. e. in the case 
of photoeffect. In order to analyze this point in Table 1 we summarize the cross
sections for the photoeffect (a7 ) for different elements when the energy of the photon 
is equal exactly to the ionization potential for the I< -shell. As it can be seen from the 
con-esponding column in Table I the calculated ratio ad Se is practically a constant. 
It is exciting that for a change in the value of the ionization potential and of the 
cross-sections of more than 103 times, the ratio a7 / Se changes less than ±15 3 (for 
bo = 1/2). 
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Table 1. The energy of the photon, the macroscopic cross-section of the soliton (Se), the photoeffect 
cross-section (clr) for photon energy exactly equal to the K-shell ionization potential and the ratio 
<Jr/ Se for different ellements 

Element 

Be 
N 
F 
p 

v 
Br 
Ag 
Pr 
u 

rt.w (eV) Se (cm2) Ur (cm2) Ur/Se 

0.1127x103 123.0x 10-22 259.5x10- 20 2.113x102 

0.3874x 103 35.7x10-22 71.6x10- 20 2.004xl02 

0.6820xl03 20.3x10- 22 46 .2 x10- 20 2.27x102 

2.144x103 6.49x10-22 13.7x10-20 2.112xl02 

5.465x103 2.54x10-22 5.090x 10-20 l.998 x 102 

13.47x 103 l.03x10-22 l.860xl0- 20 1.89 x 102 

25.5lx 103 0.545x 10-22 0.986x10- 20 l.807x102 

41.99x 103 0.431x10-22 0.5720x 10-20 l.726x 102 

115.6 x 103 0.119x10- 22 0.181x10- 20 l.520x 102 

Fig. 2. The shaded region in the K-shell-plane with which the 
soliton interacts in the case of photoeffect is with radius rk/2 
and area 7rrk/ 4 

These results are easy to explain from a classical point of view. Let us consider the 
interaction cross-section CJ7 as a sum of the soliton classical cross-section Se and the 
classical cross-section of the shielded area of the K-electron state of the atoms (Fig. 2) 

ar = (se + Sk) = (se + 7f:~) (5.3) 

where Tk is the radial coordinate of the K-shell for each element. From (3.4) and (3.5) 
rk can be calculated for J = r?W with E ta.ken from (3.7). Thus the value of the area 
within the K -electron shell is 

1frk 1fn 
Sk=-=--. 

4 Smow 
(5.4) 

As a result the interaction cross-section (5.3) for photoeffect for all elements is as 
follows: 

ar = (--e- + ~) ~ 0.432 cm2 . 
4niocw 8mow w 

(5.5) 

For the value of the ratio a 7 / Se we receive 

aT ( 7ffic) 2 - = 1 + -? ~ 2.15 x 10 . 
Se 2e~ 

(5.6) 
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The coincidence of the above value with the values in the corresponding column 
of Table l is surprising. It is known that the calculation errors for <Ir (for the case 
when the energy of the photon is equal to the ionization p0tential) are quite big. In the 
column for <Ir/ Se the difference between the minimal and the maximal value is ~ 30 % 
(for all elements). The accuracy is not less than ±15 % (for all elements). The results 
given in Table 1 show that the assumption that I<0 = J( is justified (for b0 = 1/2) and 
that relation (5.5) can be used for the calculation of the cross-section <I7 . 

6. Conclusions 

We ourselves realize that the discussed above properties are rather speculative and 
cannot be accepted as an evidence that the single photon is actually a soliton. On 
the other hand, we do not see any essential contradictions between such solitons and 
some well-known facts. On the contrary, the proposed soliton model brings the photon 
nearer to both the electromagnetic waves and to the elementary particles. The energy 
J is calculated in the way as it is done for an usual (classical) electromagnetic wave, 
which occupies a certain volume V and the frequency is the same as for all elementary 
particles (w = J j h). Back in 1909 Einstein made the prophetic suggestion that it is not 
impossible the whole energy of the electromagnetic field to be concentrated in some 
peculiar points. It turns out that these "points" might be the solitons with properties 
summarized in Table 2 (for energies between 1and4.2 x 106 eV). It reveals for example 
that the linear dimensions of solitons with energies 1- 2 e V are comparable to the linear 
dimensions of the atoms (~ 10- 8 cm). The electromagnetic amplitudes of the solitons 
(E0 = Ho) are comparable to the intensities of the internal atomic fields. 

The 1nost important features of the so Ii tons are: small effective volume V, high 
energy density E5, high pulse-power P = J / te = 2hw2 and extremely high pulse
flux <l? = 2hw2 /Se . We would like to point out a peculiar detail: If the energy density 
of the electron at rest is calculated using J0 = m0 c and the classical electron radius 
r0 = e2 /moc2 ~ 2.8 x 10-13 cm, then it turns out that the electron energy density is 
equal to the energy density of a soliton with hw ~ 4.2 x 106 eV (see Table 2). 

Table 2. Some important parameter for solitons with different energy. V is the volume, P - the 
plus-power, Se - macroscopic cross-section and ii? - the energy flux of the soliton 

liw (eV) w (s - 1) Eo {V/ cm) £5 {J/ cm3) V (cm3) p (J/s) Se (cm2 ) ii? (.J / (cm2 s)) 

1.0 x 10° 1.51 x 1015 l.02 x l08 1.16 x 101 l.37 x 10- 23 4.85xl0-4 4.19x10- 18 1.5 x 1014 

2.0 x lOO 3.03 x l015 2.89xl08 9.00x104 3.43x 10- 24 l.94 x 10- 3 2.08x10-1s 9.32 x 1014 

l.O x 101 1.51 x 1016 3.23xl09 1.16 x 107 l.37x 10- 25 4.85x10-2 4.19x10- 19 l.15xl017 

l.Ox 102 l.57 x 1017 l.02x 1011 1.16 x 1010 l.37 x 10-21 4.85 x io0 4.19x10- 20 1.15 x 1020 

l.Ox 103 l.5l x l018 3.23xl012 l.16xl013 l.37 x 10- 29 4.85 x 102 4. 19 x10- 21 1.15 x 1023 

l.O x 104 1.51:>< 1019 l.02 x 1014 l.16 x 1016 l.37 x l0- 31 4.85 x 104 4.19x10- 22 1.15 x 1026 

l.O x 105 l.5l x 1020 3.23x 1015 l.16 x 1019 l.37 x 10- 33 4.85 x 106 4.19x10- 23 1.15 x 1029 

4.2xl06 6.37xl021 8.60xl017 8.52xl023 7. 79x10-37 8.56 x 108 9.93x10- 25 8.58 x 1033 

According to oue opinion, the most important argument against the electromagnetic 
soliton in vacuum is that the classical electromagnetic wave "has no decay" (diffraction 
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divergence). It is known that soliton solutions are obtained for pulse propagation in 
nonlinear media. At first sight there should be no nonlinearities in vacuum which can 
lead to soliton solutions. But it may only seem so. If we accept the results in Table 2 
and the here discussed ideas, we can conclude that from the moment of emission the 
soliton carries energy with enormous density. The equivalent energy mass J 2 / c2 may 
change the properties of the space and lead to the required nonlinear solutions (Vigier 
[1]). 

We would like to stress also on the fact that in all our calculations Bohr's model 
of the atom has been essentially used. If our soliton should proove to be true then this 
model of the atom is still to a high degree correct. 

Another important conclusion made by using our model, if correct, will be that 
in all cases the time of the interaction of the soliton and the quantum systems must 
be very short. Such cases are f. e. photoeffect, Compton effect, resonance absorption, 
stimulated emission etc._ The interference of the soliton can be explained as this of the 
elementary particles - by using De Broglies wave (which we consider a real and not 
a statistical wave [11]). 

We hope that further theoretical and experimental investigations will confinn and 
develop this photon-soliton model. 
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Abstract. The to 
activity of 137 Cs 
the period 1-7 
or I /3 0 of the 
(1.4 ± 0.8) x 1 
averaged Cs/ Sr 
is 10.9 ± 0.9, fa 
of the dispersed 
1.5-3.5 kg or ~ 
the homogenous 
140Ba, 131 Cs, 13 

1. Introduction 

The two nuclides which requi1 
after a reactor accident are 137 

in the environment and in the 
from the strontium group 90S 
beta-, liquid scintilation or Ch 
treatment inevitably reduces I 
to obtain a picture of the dist 
accident as it is with 137 Cs and 
ga1mna-spectroscopy. 

The 1596 keV line from 140 

the known Ba/ Sr ratio [2] bu 
airborne gamma-spectroscopy 

The purpose of the present 
by measurement of the 137 Cs/ 
of the total strontium activity 
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