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;A"bstract .

' This .is the first. n:f two - papers on the pr@blems and
:poaa‘jfoili"‘tivss cmmmw‘&ed w:tth the use of ma:gnetic mmopoles
in tie- imm;zratation “of ~ele;memta:ry pm'ticle properties.

“Tn thive omaper it iecskswn that the: min di‘ff*fiuﬂlty whioh hc- .hlth.orto
».pmm&nd ﬂu Uﬂmmm 6 ‘the energy lm]u in a system st twe

mm%‘b:l:c“ optle charges (1in'Ci0s8. wnits “equdl to! or greater
“than“the Birac: mmmnle Charge g= 1%1,

‘she- e lementary -electric charge) is
pelwbed te the 4mplicit assumption generally applied in the
caleulatiun oF -ewergy ‘levels, that magnetic momopoles behave
, Tomkiden “patnt “oherges.,  If :this -assamptien .is Temoved,

-mWnle'ﬁs an objec’t

y ‘where -e dc&imtes

fashion wi;thin a: mer‘ta.in vol*.ume wi‘th a stm’rﬁa:rd radius L
comparable to the olassical radius- one would have 1o ascribe
to 1t .if ome wants ‘To. interprete its mass as magnetostatic

energy, the p*mb:l.em of calculating the -emeray Jevels can be

A few examples T
vd.th this . imrarpreta'tm of - magnetic umge di&tribntion are
presented, :and -some of ‘the lowest energy levels of particles
formed by the association of two. magnetic monopoles are
calculated ‘for circular orbits by the Bohr and ‘Sommerfeld
procedure, . Such: -associations of magnetic monopoles obtain
particularely *mpealj:ng properties for ‘the interpretation of
elementary particles ifwe use the simple assumptions:

(1) That all magmetic monopoles have the same standard radius r.
(2) That their masses can be interpreted as magnetostatic energy.

-4 om 8 consistent I



LE%

LY

3

(2)

‘2.

3.

elementary magnetic charges values roughly 5. OOO times
greater than forces between elementary electric charges,
in the case formula 1 applies. A consequence of ‘these

| conspicuous interaction forces is that relativistic effects
may nave to play a prominent role in all calculations of

energy levels of interacting monopoles.

If we were to interprete (for the sake of argument) the mass M, of
a magnetic monopole as magnetestatic energy ef a spherical uniformly
distributed magnetic charge g, , its classioal radius r, would be:

It is hewever well knewn that in electren jp;ttqring

experiments electrostatic forces within distances
shorter than the classical radius of the electron appear
to follow Coulombs law as if all the electronic chaxge
were concentraxed in a very small region (singularity)

in the center of the electron. If might be tempting to

assume that the same could be the case for magnetic
monopoles, namely that the magnetostatlc charge could be
concentrated in a very small region (singularity) in the

center of the monopole(see also Appendix).

This hypothesis meets however with additiéﬁal difficulties

'in the case of magnetic monopoles, rising major problems

which do not arise in the case of the much smaller electric
charges. The problems arise if one attempts te calculate
the bindings energies in a system of two magnetic monopoles.
in orbit around each other, for example in order to investi-
gate the possibilities of applying magnetic monopoles in

the interpretation of the properties of elementary particles
(Schwinger, 1969). The difficulty arises both in the
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A,

_ 53,3 n2
9p = _‘&_éﬁﬁ'ro

(137)

This semi-major axis is far shorter than the classioal -
radius r  in the case n< 13 , in which the bindings
energy E, is greater than (1 +M2)c . Both potential and
bindings energy could never be that high if we had not
made the assumption (see above) that the coulombian. inverse
square low would apply that fer inside the classical radius
T, of each monopole.

A similar kind of problem arises in the relativistic
case if we try toocsleulate the energy levels E a derived
from Dirac's eguations instead of E v We dem't have to
look for sofisticated general formulae. Sinee the problem

~ seem to be related to the size of the magnetic cherges

rether than the masses of the particles, we can use the
ordinary formula for energy levels in a two particle system
comsisting of an atomit nucleus and a single slectron

af%er r&p1acing the product Zaz of the miclsar &nd& electron

eharges by the product g185 of two monopole ohamgss. We
‘ R _

- k)

; ,
kw;-amdrw-being positive integer quantum numbcrs (kﬁ n),
and m_ being the rest mass of the smaller particle (électron

o ) .
mase in the atomic cgse) which is assumed to be much smaller

than that of the other particle.~ Even in the case in which
k obtain its maximum value (k = n), which in the original
‘Bohr-3ommerfeld model was (vefore the spin- of the electron

“*H“H“E§Eﬁ‘Eéf§6tEHT—asUrIbed‘tu*ctrcuiar*orbi1mr—ﬂﬁnrﬂMﬁhﬁnr

root in the denominator of Iqimula (5) becomes imaginary when
",fZTy Ior 84 = 522 ,M137 (formula 1) As a result '

monopoles this uize, when the energy quantum n is smaller
than 1 . Even orbits with n >' may have complex bindinngs

energies if k< 121 according to formula (5).
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- (9)

It will be sufficient to establish the existence of the
lower angular momentum limit for the circular orbits, since
every elliptical orbit has a circular orbit tangent to it at

its periapsis, whose orbital velocity is locally lower. If that velocnty
exceeds the speed od 1light (the main argument used in order to prove

the orbits ipossibility) the same will apply to the periapsis velocity
of the elliptical orbit. In the process we will also establish a few
useful formulae. _ ‘
We call r the (constant) distance between two particles
of masses M1 and M2, and magnetic charges g4 and gé\moving in
circular orbits around a common baricenter;r1 and T, will be
thedr distances from the baricenter, vy and \L their velocities
relative to the baricenter., _
The formulae for a circular movement in a oontral  field .
may::conveniently be written in the following manner:
2 2
M1v1 M2v2
r. =7 = F
1 2

where
r = 1"4-1‘2

r being the distance between the two particles.
TMy = M,
viMy = v M,

the 1last equation stating that the impulses of the two particles
relative to the baricenter are equal., If in these'equations

we replace M1 and M2 by their relativietic expressions

M{o and M2° being the rest-masses of the two particles, we
obtain a system of equations which can be used to calculate
the 4 unknowns r,, r,, v, Vv, when M, , MZO,'? and r are given.
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(16)

(15)

" In case F is a coulombian force defined by

formula (14) becomes:
gfgz
V4tVao

Obviously this angular momentum will not approach zero

Twhen r-—-%o and v1, v,—c. It will instead approach the

value 'T\ which 1is its lower limit

gg SRR AT
A)-%—— for r>0 .

This formula explains why we were unable to find real
number solutions of ‘the Dirac equat:ion with k< I%l in

the case )g1g2\ = 37 ahc‘ As a matter of fact the bindings

v energy formula (5) was derived from Dirac 8 equations by

ignoring the movement oi the nucleus (mass M ) relative to
that of a smaller particle (mass m = 2) This procedure,

ISE O

translated in semi classwal terms is equivalent to disregarding
the velocity vy relative to the velocity v = of the lighter

V2
particle, in which case the formula (15) is replaced by

§g1g2\
v

" and formula (16) by _A

‘ g185
~ 2122

- C

Sinoe the angaalam momentum is. kh».m xamda (5);

137 he

ih - or k<137/4 in case 'g48, = —7—

K18
c

this means that there are no real so»lutions w1th
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3. The pely-exponential coulombian field approximations.

Our next problem is to find an approximation for the

“céulombiwn force field which approaches a coulombian field

when r —)cy, but behaves in a manner comparable to that between
two charges each distributed with a constant or gradually
variable but finite density within a region of a certain
standard radius r,. This standard radius is used as a substitute
for the classical radius of the particles or a comparable _
parameter. There are many approximaticns of coulombian fields
fulfilling this condifions, and many of them would also have

' “comparable properties within a standard radius r_ if they

LUTL41T “all the requirements (see below) we impose to them.
We' shall present twe of them, which have the sdditional
advantage of being easy to handle mathematically. They will
be designated as the "expo-nential‘md the double-expenential
coulombian field approximatien" respectively.
The simplest case will be to assume that all magnefic
monopole charges have the same standard:radiusarb;w This
agsumption gives to the exponential fields properties
particularely appealing in view of posgibLg'gpylicatians in
the interpretation of elementary particles (see>1ast éection).
A basic property of two equal and opposite magnetic or
electric charges with the same finite density distribution assumeq
to be spherically symmetrié*is that they will cancel out if -
they are placed in the same spot, so that the distance T
between their centers is equal to zero. This has a series of
implioations,véuch as: ’

1. ‘The attraction force between two charges of opposite gignArw

will not go to infinity, but on the contrary it will
approach zero when r-\o. The same applies to the
repultion forece between charges of equal sign,

2. The magnetostatic energy of two equal charges of opposite
sign w111 apr0échv£é}6*§heh r~3% 0., As a result the
poteptial_énergy of the two charges will approach but
never excgngthe ngggﬁije sum - 2 Mo°2 of their magnetostatic

% Spharioal svmmetry is not likely in particles with spin different frro,ﬁ 0.
We are only presenting examples to illustrate the method,
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o (21)

anw W

iand (18) by dérivatiom.

€90

“—= used inlumm;af[yhe gbove fozmulas.is.selectedlinlgrdef -

‘ to°fulfil the usual requirement that U.-— 0. when .r-c3.~.

Another convenient selection of this arbitrary conpstant is
obtained by adding to U the magnetostatie eﬁexgies'w1beand Wéd

of the respeective: particles when they are at an”infinite
distamed from each otHer: amd from every Mmagnétid moropole. This
wap-we  obtainn their total magnetoa%ﬁ%ﬁe‘énergy'W?rﬁ wﬁen .
they are- at a distance r from each othez

W evevg v,

1@'anﬁ W?Q can be caléﬁlétéd will bexshown below, First !
we- shall however: give the foroe: I between the two particles, !
,whichtcan bH‘Obfaian rrom the “espective formnlae (17) i

. T . . . 1
Exponential e : o _ %
3182 '
Fm——jrﬂﬂ%-n/ﬂ

Double-exponential

£48
“,132 D ‘(J‘fwrb/r - Ex?(ro/r)) )
r' gl . N Y . : B R

Both U ana F are plotted in fi. 1 forrexponential

approximation, Ain fig, 2 f“r the double exponential

"‘approximation. In‘gach case it is assumed that g1 and g5

are charges of'opposite~sign,-both equal to the elementary
magnetic monopole charge g. | , ,

We notice in the figures that the attraction force
between two charqes reaches a maximum value for r = %r in
fig. 1, for r - O. 91' in flg. 2 ’
and decreases below that distance to reach O when r = 0.

According to formula (17) mr(18) - when r = 0 two
elementary charges of opposite sign will have a potential
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4, Some low energy levels in binary ;;I,'Mm'.

We shall proceed with the calculation of energy 1evels for

circular orbits in binary ‘systems.

If in formula (14) thé force F is calculated by formula -
(21)er (22) which apply respectively in the exponential and
the double-exponential ayproximation, ,
we obtain an expression for the angula.r mamtum A which does
not have & finite lower limit. In each case the lower limit
is O and is reached when r = O. We have therefore mo problem
of the kind riwed by formmla (16) f&g th& ewlmbi&n case,
which M@MMM the selection of ewengy levels with mgular
momerrtun W or WK Immer than the lower limit : .

&
!‘Tﬁgl inmoae:d by relativity theory fur ’ehﬂ cane.

Sim we are:dealing with cimnlar orb,i:l:s we ca::l use Bohr's
qn,mxmmn formuld A = o or

n being a nonnegative quantmﬁ number,

By using (7) and (9) this formula yeilds
Mv,(ry + T,) = Myv,r = nk or according.to (10):

M1o

—————p V4T = nk

* ‘This tormula does hot require the use of point charges and
can ‘be used for relat1v1st1c as well as non-relativistic appli—

“cations.
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‘Tables 5 and 6 give for various n, {8y m% w m&mz nf
wlv, g1 32} &aﬁ.md as

' - 2 oy o2
w]_n, 891 .5_2 S'-; E + M1°o + Mzoc

wh.ioh ;l.s the tota:l. energy of the WO-pm-tmle sys¥en wid is ,
1linked to the rest msM[nJ of tite ‘system mmm |

Ho[n]- W[n, &qr 32]

As an exwle of applica.tion let us consiler the sase
of two wotlosbisn -électric charges dh W m fﬁ.ﬂt pantd
is an electron (M, = m, & = #) aol the wecond pearticl
atomic mucleus (M, °>>m. 8y = Ze). ':me Mw&

,°3z0) will ‘then be much ‘smaller than vy (‘ﬁml«a m) m can he
: dimgmﬁml 80 'Ehi‘t 1@&@3 (513 wﬂl hmtm

e

1, dan aluo be ‘dtsregarded Telative o T, W0 That Pormila

E-U-I-E-I_"‘ i

wherxe’ﬂ- mﬂ‘*m the mmbhnamnrmwmm (11),
(13) =nd (33
—
v
B *"‘(-1f~—'~‘zr—f—-v1>

’:—c' - e
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But uoonnng %0 (15) Qiarmﬂmg v?mm@,,gz

.
_— 1S

22,4

= 2 : -1 .
E Mc(\" W - )




LTy

e e f-f’“"“fi§$i3flﬁ“i a/nu. ixroncurlnL CASE T Tleeel oo e

A Ne) ‘”» ,’f.?""',-’:' f’

'i*ti*tt*ttt*i**t**tttt*tt***ﬁ***t***i****i*ti*tittittt*t*tﬁl*l**tt*ti*i****t**ﬁ-tt**P**tiiiiti*ttt**it“
*x *

x Mo 1%M0 My 9*M0 - 16%MU 2>tnp - 36%mu
- Mm20 - gZ : 91 : 1%g » , 2%g ji'g . . 4*9 gtgi . S 6%g
V*i*t*iit****ﬁ:*itt*tlt:*ﬂttti*lti*t‘itlfii*ltttt;l‘ltttﬁ”***!i*tititti****it.*tttt*i Nliﬁtitt*i*t*iti
1440 g -: 0.23465920  0.19133101 - 0.17612475  U.16757028 0.101?#5&( ,u.1s:aeu~A'
4xM0  2%g . 0,19133101  0.15209169 013806158  0.13167686  0.1202h720  U.126UrB4e
9WMO - 3*@7. . 017612475 0.33965155 o.1g§03>6?\4.o.ja§uusgr 0.1330F§5(' Ve110636Y4
T16MR0 - bwg ' 0.1675T628  0,13167046  0.,11800567  0.11078343 .0.1065?;3? De1U323206
;lzsanb Skg . o§1917@gd? :u.gzvzgzgdﬁ- 0.13395351 ‘o.goésu§35 o.iui@ﬁ#ug : u.uvgsgaqv
364M0  6wg . 0.15762064  0.12607844  0.11063694 - 0410323278 0.0?85@96? o.uv:Zo;gv
_ | o
B (N=g)
iitttt**ti*itt*tttit*i***ttt*ttt.i*tti**titti*iitt***ittiiit***ttttiittti*tt*t*;i**ifktiti*lttiittt*t*l
:- M10 : B LT 4xMy s_nno | 16%M0 thnb 36%Ky
mM20 S 4 : 91 : v ltg 2*g 3%g _6'_*9 a ‘ S*g; d_tg
*ttti***ltit*:tti**ti*:*i***;i*titittttttttttt*;ttttit;tt*ti***i*titttit*;ttt*tttt*ﬂitiiiiniti*tiiiiit 2
1%M0 1% | . u.332(2?sg. U.26262314  0.21865851 U, zososa91 0.19693528  V.19U5LEY)
4%M0 2xg . 0.29242315 0.18538140 u;1gog£u63 U.15650148 - 0.150308U45  V.140USBUY
gan0  3wg . 0.21865851  0.16626063  0.14750945  U.1379%636 0.13217413  U.1281 /014
150m0  4*g . U.20563491 - U.1565U148  U.13799038  0.12B38B1Y  0.1224vY8e 0.11869229
25en0  Swg . U.196Y3828 - U.15U3BUGS  0.13217413 0.12269986  0.1165020¢  U.11¢61376
Jeam0  6%a * 0.19050891 0214603809  0.1231701~4_ d.i1esvzzv. o.i1241;16' (110525854

P



L L T T T e 2 g i R T I I T I T

mM2o

itititif*tit*iti**i***Jiitt*ttitttiit*i****tit*****tttit***ittt

1+M0
LwM0
9%MO
16+M0
254M0
36%M0

tittititit**.tit*ltt*ﬁiiit*ﬁ*tﬁt*ttiitﬁtﬁ

m20

't**'tttilﬁti*i**iﬁ*i*iiititt*ti*tii*titititttt*tiiiitii*

%m0
4*M0
9#M0
16wMD
e5%M0
36%MD

[ gz

1%g
2ng
Ing
ng
S*g

éwg

92

1wg
2%g
3%g
dug
Sug

d2g

* *
‘x M10  w
'R w
* 91 *®
» : *

w "
% MI0
* *
* g1 *
* ®

PR BN I NN 0 3B B R R NE 3

LR 2 30 2 BN 3 b R 3 3 3B 2

)

Table 2. ' R/ROs DOUBLE EXPONENTIAL CASE

1%M0

1%g’

0,47979773
0,44891030

0443746364
0,43081771

0.42620298

0462269161

1%M0

1*%g

0,53128390
0,68634068
0.47060688
0.46135268

0,45514860

0,45047183

A (N=1) -

4*M0

2%g

0,44891030
0,61740761
0,40591015

0.39974378

0439573484
0,39282141

4 4MD

2ng

0,48634068
0.45395407'
0,42906715
0.42120158
0e61613817

"0.61268289

Q%M0
3Jeg
0,63746364

0,40591015

0439365165

0,38705849
0,38287392
0,37992282

B (N=2)

9um0

3ng

16xMQ

bxg

0,63081771
0.39974378
0.38705849
0,38005871

0,37559666

0.37247609

16%M0

Lbrg

ZS*Wd

Stgg

0.42620298

039573484

0.38287392
0,3755%66

o.37059b23

03675928

25%M0 |

Swg

. 1
0,47040688 066135268 0.4551a¢oo

0,62906715
0.,41354251
0,60533409

0,60017504

D.39655997

0,42120158
0,40533409
0439672857

0.39129781

0.3875246¢4

0.41615817
0.40017304

0.39129%81

0.38561903

n,3§1ss§aa‘_

S
Rl

AR R AN AR AR NI b b P n

36 4%

bxq

ARRRRN AR RRRR AR AR RRRR AR AR AR ANk A h o hd ks

0.462269161
0.39282161
Ve37992282
0537247609
0,36759126

036613239

t*lii*titttttitlt*tﬁ*ttt*tiittti*titttt*titt*ttttiiiil&ittitt
. , :

36*m0D

6*q

tit**.***iii***itt*itt**iii*+ii*iit*itliititi

CelS5tb71e3
O.é1£68289.
De39655997
0s3B752666

0.38165928

D.377534 K4



n29

.

L

x ML

* .
g2 * g1

*

%
.
*
*
®

1%M40

1%g

. TaBLE 3

. o T A (N=1)
.*ﬁ.if‘it...*ﬁii"*ti?ﬁ*".iiiﬁi...ﬁ‘ﬁ‘ii."‘*.iﬁﬁ

LxMU

dxq

vamy

Sag

.VA/C AND V27C, EXPORENTIAL CASE -

T6xMU

Lwg

295 %M1

S%g

ittit;!itiiiiit*iﬁit*’iiiii’iﬁiitiii"iﬁtiirliﬁltitl
. L ! .

bb‘ﬂu

L 61g

HRAATARRR AN AR R A Ak kd iiititi*iti.it‘iﬁ*iillﬁt*iiiifi*itll.iiiit.iﬁiﬁtiﬁit‘tii*tlﬁitiiitt’liibii'tiit.
. . . - ! )

1+#M0

L*M0

VMY

16*m0

25+M0

364M0

149

2*g
3*q
4*g
S#g

6*g

L2222 2 22 2 sds

LanQ

9amo

16*m0
25%n0

36%M0

¥

va/c
ver/sc

vi/c
V?IC

vi/¢C
ver/c

vi/¢
ve/sc

virc
verc

vi/¢
va/e

P O Y

»

* % » % %

V.26168212
V.2L148212

U.29190719
U.Ur60(R/E

0e31670U3%0 -

U.1368139¢

V32905726

VL2778

,%395301¢
V016437644

Ue36T778721
101050365

V.V76UTEIS

'U.?V!VU?!V

0.U955%54000
V095560600

V106 /1805
Velie6747469
0.11019160
Ve.02/¢7UbUS

0.1159/811
U.U1835306

Ve 11084975
U. 135077/

DelsoB1592
u.jza(ugvu

0.046761749
V106771805

T 0.u5182138

0.U5152138

0.05489962
0.U309129%

0.U%6Y9507
0.UUSG 29

VeUS856 3586
0.111605Y53

B (n=¢)

V.021773/78

as290724

Ve.l277UbULG

U.11019100

V03091290
UeU5489962

0.03292601
V.U3292601
Uel136311761
v.u2ivéove

V03535138
VeUTH7IUM

0.01443744
0.33953012

0.0783553uU4
U.13397g1i

Qe02USarey
U.US69Y5U?

0.6219006Y¢
0.U36311410

U.uZ2veees
U.02296¢28

Qe023700U71
v.uiea612¢

i
GePTUSUSGD
Vel r787¢1

Qel'13ur1va
Vel16846Y S

UeltT64065953
UePSES43b0

INUEYSIUS
Gepr3535138

UePlOLh1¢Z

HOSIrAYLLNE]

VeV 7ULLDY
VeP17U26DS

tiit.iiﬁliﬁii.*‘tiiil‘i.ti*iiﬁiil.iitliQltt*titi*iti.i‘it.ti‘ti.ilitii.i“ltiQlikﬁlllll.a
. {

*

3*g

Lrg

S5*q

6%g

My

LR N BN 3 4

«

LR SR BN IR S IR O I R 2R N A A

0.369864830
U.34984830

Ue436U1693
U.1195743Y

Ve 7112367
U.U)ng?bb

0.49385053
U.Ujbh/}?(
V51007638
0V.023/1213

0.5¢206211
U.017v206¢2¢4

XLt

Zng

V11957439
0.?3&U1593

019557957
V19550957

V17298373
V.N708B2V069

V.1835V67E
UehbodEv62

V190595064
V0310697l

U.1Y0604811
V.0222UB73

Yxml)

3*g

P N N R N N A Y

. . Az
AmrAmmacarAARanAnArcanaaaR

UeU9Y24166
Veer1i2367

V.077821069
U V17298373

U.08763205
V.UB876320%

W.0936219
Vellv2B2U8Y

DUV rUC3Y
tn.u3vs217e

V.10V r2Y23

0.U¢939294

r168MY

Lrg

V.L35673Y2
1.69355053

U.04658Y62
V18339008

U.UScBcCuB

S UeU9362191

v.uS6761467
UVeUS670147

UeUSY4EULS

V.U38107 51

V.U614b608
v.u27350bus

PEY LI

d*g

(USSP ETATRE]

v.510u7438

U 3TUGY T
Ve TYU59564

We3532170¢
VoV 3y

0eUsbI0LI I
V. U5Y6bUES

Ve l6lV658Y

QL. URDUOHHY

[USTUR B P4VLS-1

V.ulblholy

)

!
bﬂpmu
|

| 6%

:t‘tt‘ttfttltt!tttlllil‘Aiik;iiiiiii

)

Uelilrucocs
u.bZ{obZi)

Vep2c2UE (S
VelYOlies1

Vel'ediLdYe
VeMIUT¢Y S

U.ersesu?
[T TR R XYY .Y )
Ul 2nocony
Uel16195¢0VH
Ve NE2YISBOU
Ueli2YVdRYUY

E R [



TABLE 4
V1/C AND V2/C, nwmmmu CASE

o :
o

: : L (Nl‘l)
tttntttttgttttttt-t-tntiiot:qttttttttatnatt-tttaa.at-ttt-tt*ttntrtatta--tatﬁttf*-ttata-ﬁnatita.toat-..
EEEEN X L. ' |
£ Mo w mqo M0 9*MO 164M0 25%M0 fsom
* . i :
m20 g2 t o1 * 1%g 2ng 3#g bwg Swg | 6eg
*
ntttt'tttott.a--tnttttt.tittttt:tatttttattt-tnttttf..tctttttttata-n-vatttttityt-tatpw.t.ac.dc.t-.-t-..
. .
f«m0 19 Vi/C * - 0,12081431 0,03250277 0.01482986 0,008467111 0.00555053 .00385153
va2/¢c « 0,12081431 0.,12899305 0,13230993 0,13631443 0613574268 «136846807
. : ’
&*NO 2wg VI/C  w 0,12899305 0,03495295 0,01598238 0,00912956 0,0059:.¢¢% 00612922
vZ/¢ » 0,03250277 003495295 0,03594172 " 0,03649541 0.036b66463 037157066
"
P*MO Jng Vi/C «» 0,13230993 0,03594172 0,01647995 0.00942874 0.,00610050 e 00426941
ve/c » 0.01682986 0.01598238 0,016647995 0.01676059 0,01694372 201707529
* . ) | .
16%M0 4ng vi/c 0.93631443 0.03649541 0,01676059 0.00960238 " 0.00621670 g-00635£76
ve/c » 0,00847111 0.,00912956 0.00942874 0.,00960238 0.06971644 e 00979784
w . . I .
25+m0 Stg Vi/¢C - » 0,135T76208 0403686443 0,01694372 0.,00971644 0,00629755 W.OObG1263
: varse o 0,00548033 0,00590225 - 0,00610050 0,00621870. 0,00629755 Dle 00655612
‘ * : B i :
36%M0 62g vVi/¢ « 0,13684867 0,03713766 0.,01707529 0,0097978¢4 0,00635612 Ule 00665654
ve/c +  0,00383743 0.00412922 0,00626961 0,00635%476 0.00661265 b U06L5654
B (N=2) ‘
ttttttwtttttottgttttt-tt-ﬁ-tatta-*--nttattt-tta.oto.-ti--ttnaaa-annno*ottnttnaotoaa-ac-fawtekan--..a.o
L] 3
t M0 * 1+4M0 &aMO 9wn0 . 16:"00 25+n0 ‘;36""" )
. - . ! .
M20 g2 t. o1 * 1ug 29 Jeg bng S#g 6q
) L] - ‘ .
0.00‘00.09‘...&....oaco.soa.aot“ocoa-bn-aﬁiao‘-ss-h‘_&-‘-tseéooottt.’00.‘0'.‘0ttt.ibi.t.tiilt.ttttoionitttittti
o ;
1*80 1*g  V1/C * 0,2146%671 0,05992632 0.02757516 0.01581947 0.,01026321 0,00720142
. ve/¢c « 0.21469671 0,23369877 0,24095583 0,26540246 0424854219 0le 25096080
* _ .
&*M0 2%g Vi/C '+ 0,23349877 0.,06561981 0,03022965 0.,01732703 0.01122521 500786462
v2/C 0.,05992632 0.06561981 0,06789081 0.,06915260 0.06998993 0l 07060708
] {
9+MO0 3ng Vi/c » 0.24095583 0,06789081 0,03136339 0.01800511 0,01167293 000516038
va/c »  0,02757516 0,03022965 0,03136339 0,03199789 0,03240997 ' 0/,0327u511
* . . 1YY /
16+#M0 4ng Vi/c » 0.,26560266 0,06915260 0,03199789 0,01839554 D.,01193771 000832110
ve/c 0,01581947 0,01732703 0,01800511 0.0163955%4 0,01865076 01883229
»* -
25."0‘3 Sw»g Vi/C « 0,24854219 0,06998993 0,03240997 0.01865G76 0.07T211348 (L G0B49974
: versc » 0,01026321 0.,01122%21 0.01167293 U,01193771 0.,01211346 Op01¢2391¢
*
364M0 6eg vi/¢c « 0,25096080 0.07060708 0,03270511  0,01583229 0,01223514  0Ln0B5%259
v2/¢c 0,00720142 0.00786462 0,00818038 0.00837110 G,0084%97a 0LuUnSYLSY
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Tible 5. . MASS OF BINARY SYSTEM OVER MASS MO OF ELEMANTAKY CHARGE, EXPONENTIAL CASE -
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Table 6. MASS OF BINARY SYSTEM OVER MASS MO OF ELEMANTARY CHARGEs DOUBLE EXPONENTIAL CASE

25.03726935 16.,01193285

1.00334950

» H
-

A (Nm1)
ttiittt*ti***titit*ﬁttititi‘ttﬁi*ti!*“i\titit'ﬁtiit*ttt*ttttﬁittit*ttiitiﬁ*ﬁtittiﬁitiktjtk+*itltt*iti&*ttn
: M10 : 1+M0 4xMQ 9xMO 16xM0 254M0 | 364my
M20 g2 : 9t : 1%g 2%q , J*g bxg S5%q ) bkq
ititiltii*.ﬁi:.t.ttit*i:*;iiti*ﬁiiit*iitiii*iiﬁtttttitiﬁt*titttt‘ﬁltti‘tiit*ttttiititittﬁ*%titﬁﬁtﬁthhﬁﬁiti
1#10 1%g : 0,01651317  1,01155588  4,01073307  9,01053667 16.01osno$( 25,01055341
4#M0 2%g : 1,01155588 0,00526327 1.60399387 4400355172 9.003355+o 16.008257¢7
9aMD  3ug . 4,01073307  1.00399387  0,00259638  1,00209093 a.no1aso¢9 9460172997
16%M0 4g : 9,01053667  4.G0355172  1,00209093  0,00155616 1.001395%5 600116587
25#M0 Swg : 16,01050687  9,00335586 4.06135609_ 1,00130363 o.oo1oaofa 160089645
36«M0 b*g : 25,01053381 16,00325727  9,00172997  4,00116587 1.000596§5 . 0.U0UT4TH8
B8 (N®2) |
'it*itttttttttti}‘iiﬁitt*tttitt**f.iiij'ii*tit.t‘it'ﬁittittt*ﬁtttti;liii'iti*ittt*ttﬁ*itit;tt;ittti‘i*i*.tﬁ*'tii'
: M10 : v1*nb 4wMD 9aMO ’ 16%M0 25%M0 36%My
M20 92: 91 : 1%g // 2*g Ing 4xq 5#*q . 6*q
1*i*ﬁﬁii‘.i"*.:iﬁ‘i."ﬁ:i';fiii*ﬁ*'ii‘*ﬁbﬁ*iii‘it*iiiii‘tiii*ii*iiii*i*i*tﬁ*i*..*iititiiifiiﬁi-**tii'i.if*t
14M0 1%g | : 0,05538706  1,04001492 4,037524%2 9,03703761 16.057071#5 25.03726935
4%MD  2wg ¢ 1.04007492  0.01889133  1.01447958  4.01294112 9.01226640 16.U1193255
9%M0  3wg . 4,037526452  1.,016447958  0,00951219  1,00770009 a.Gooéso?é 9.0C660512
162M0 . 4%g : 9.03703761  4.01296112  1,00770009  0.G0576091 1.cuaawz$z 4.0063406%
254M0 Sng : 16,03707123  9,01226640  4,00685692  1,004864252 o.oosséc%o 1.00336930
36210 bng : 9.00660512  &.00434065 50 - 0.00279999
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M =8 /2r,o (formula 24) of the Dirac monopole is used as a

~unit. We notice at once that.magheticaliy neutral: systems
(41ngonal figures in the tables) have relatively lew

masseg compared with the aas_1knf'a_Dtnac.moanole. On the
other hand the masges g£4magne$icallyvchangedﬁsystema,are
slightly higher but: close to the masses (1, 4, 9 .... etc.)
of magnetic monopoles with the same magnetic charges (g, 2g,.
3g, ....etc. respectively). The difference hetween the mass
of . two/or. mare particle-system.and the mass of a magnetic
menopole with: the spme magnetic oharga is,. what we call, its -
mass-residual. .. . —
The: very: Taei: M&lt has- ben:. pessible: te o:ana.lm the: nasses. of
binary systm for thow two: lowes: mtrg« lowels is widmo that thero
is no thom‘tiosl bmar agundt the: &pplica:tion of qua.ntu,m the»ory even
m;thm 4i stances: spaller than. the: clasiosl radius of magnetic monopalr

‘ohrayyes;. i S corred e atd on: ims given to: a fintte: denmsity -distribution

| of waigmetiv chwrge withid' (e @stemoes ¢

‘The maiy d3suffptions used in this paper are:

(1) That the masses of magmetit monmopoles are’ magnetostatic
_ ‘energies of tHarges distributed with spherical symmetry
arounrd the centers of the respeétive parfticles.

(?y"That'the linear dimenfiohs'of’thé various momopoles are
' the same and ‘can be described by a finite cammﬁnvstandard
radius r_. ' '

(3) - THat some: mprdnmutms' of ¢oulombian Fields witir properties similar
1o thosa-we have munhd car be used as: a;xptrmmtau means: to descnbe
. the. interactions betmn _magnetic monopoles. = .-

With these asoumptions we have showm that it ts possible |
to identify some important properties, particularely masses
and energies, off particTes fEtmed by aghbefativny 'of several
magnetic momopolew. THis opens the ‘posstbility to obtain
thEOretinfpreﬁibtinnS“of“VariouS’theorieS'for“the interpretation
of elememtary particles by the association of several magnetic
monopoles. In a subseguent paper (Barricelli 1978) a few
suggestions for such an interpretation will be.discussed and
theoretical calculations of the masses of various elementary
particles will be compared with experimental data.
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(A)‘

(3)

©

(D)

(®)

(r)

nonopolo), irro-pootivo of the question whether or not this radiuﬁn
be subject to a direot measurement by tho method indieated above,

The proportion P between nttrution ‘#6r6e P and f4s coulombian
value 5— for two ngnot:l.o lonopoln of opposite equal charges g and -g
is det{nod by the formula

1',.21"

P - =7

r
Y |

We want %o find the r value r whoro this proportion r*ncheo a cortain
value P< 1 used in order to define the particle radius r o
P mist be equal to the centrifugal forees

m being the mass and v the nloo:l.ty of eash particle.

By .1m:m1ng F between (A) ml (B) we obtain:

|
|

veg|

n deﬁno tm ungﬂllr nmn‘km A by the . :mmla

A = D¥D:w . . .
: o -

or according to (p)

A=
g Vanr
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then formula (M) becomes

. . . . B Lo e e .‘ o
10 I v-r—-.*“ + :; 2r°
(x) - : r = yr a%ﬁ-

It g is a Dirue nonopolo givon by formula 1 !ootion 1 ”;
@ ﬁc and the ubovo tomlu bocomu

N

B4nce r 1. lqa@ounﬂ to hn ca-ﬂqnnhlu to x ﬁd$ 1: oau@nrnblo
to 1, the mm- would be .ughﬂy lowsr than -5z Vr or_less than 10 %.
This is a rather oon:pieuou' orror but nnt s0 llrgo au to nlke
'tho redius of a mlgn‘tic nnnnpolo'l lnuminglnll oonocyt. :
A diun'trtlly oppotito result woull bc obtninod tr in -toad of
ctloulnting the omr rar a Direae mmolo-ruiul vn had oalculatod the
‘orror for an oloctron-rldiula In f::t case ‘.would havo to be replaced

by ¢ in formula (N) lnd,linco o - Eiis for-nlu (l) wuuid ueoono

V;‘i U 137V/~1

N !l'ho error would be more tha.n two ord-rt of lngn:l.tu!o groator than the
qunntity r" we want to measure (since P<1).
' The radius of the electron, as defined above, is not a notsurublo
quantity aocording to Heisemberg' L indetermination principle. This
S “~would seem to put a question mark behind every statement to the otfodt
that the electron has a specific radiul finite or sero. One may argue
that'tho results of high energy scattering experiments fit the n&tion
that the radius of the electron is sero or at least 1nnign1fioant
compared with the classical electron radius. But then one can argue with
the same right that the spectrum of the hydrogen atom fit thn notion .

that the errors in Bohr's theoretic values for the orbital veloTity
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- s ¥

g, 1

Rxpenential approximation force F {upper diagrﬁa) and potential energy U

or W. (Yower disgram), as & function of distance r, between twe magnetjc
monopeles of oharge g (g = Dirmo monepele). F is mesured in units of g frs,
U and W, in units of ¥ o= g°/x,. N is defined by W= U + 2M, 0%, and is
equal t8 O when r = O, snd equal te 2,02 when r = @8. W, is therefors a
mesure of the total magnetestatic energy of the twe menepoles as a funotion

oftheir didtanoce.

Fig. 2
Same as fig. 1 fer deuble-sxpenential cass.







