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'31mnt~RBUE "Fa-ELD PltOBIBS 

CO.NNEC'TED WITH MAGNETIC MONOPOLES 

by 

. :Thi>e .. is :tln:e '.t'±rat :'Jtt. two :p.0apers on· the .pro.bl:ems and 
·.·pst:rai:h!:Ittms ;·mmut.e:Cl~· ·w.t:tn···:t:fte· use ··o'f ·mq11'et:fo imniopoles 

111 Ytile ':113 •• ;pr.Ett'.a:ti:crn rif ".'S:l~emem:blry p:~.±ele. Jiropritte~. 
ln ~thnnJ1111P9ir:±t .i.e,i..Wn .'tih.'&t ~·-~n dt1'tbn.t1ty w:h1oh· ·~~hi th•rto 

}YPW¥SIRe.d "'Wire ~-ott~irn -~1' ·ti. 4energ'.y l~e tn a ay,wwa lit t~ 
;t~.:tte-· animpd.l.-e ·~ {i1ri':O;n1ia.· ient.tw "tr'<t\lal. to •or gnater 

t:hmr"!al'l! ·.·~-ci·:~iarm~;Jre·. '.:Cit~ .. g = ··· filie • · ~v.ttere '! '.••••~'es 
·:·tt.•'·•.l~ :e.le-ntri-:c .c:h~e) i• · 

· ·re·~<;'ti• :the .::tm;;i:te:±t ·a"SmxmptiD:n ·gel'lerally applied in the. 

a,il:Cul'.ation. iJT•'1!~8Y ·~~!l~, t:ha:t magn·etic\;mon:Q'1H1i.s ll•have 
:as e~··!;ftS.trrt:'.:·~.s. , 'l:f ;thts:r~t~ . .i.. .. .removed, 
. for '~"'iry :t!Dll1i!fM~ ·•oil ·'.~di-c :~·COJ.>nle ··'CB an object 
whoae ~;e '.~ • ls ~:tribut~.d .. in ra:.;~cally sy:mmetric 

' . ' . ' ,_ ,. ~ 

:fa.ati.to.n ,,w;t.tb.in .a ::e~xtain :vol.1lm:e with a ·stndard ra'dius ·r ·, ' ' ' ' ' ' 0 

·c.omtpar&bl:e 't.o·::t-he ~:e.1a;s.ainal ··raMue ie1te wcmld .. !Jlav.e t.o ascribe• 

t:o it iY ··a:ne ;wan;to "to .. inte'rpr.e·:te its: mass as ma.gne.taetatic 

~ergy, t!ae ~;n'Otilem' o:f c:a,b!~~ . the ·<e.:ne:r:J(V' level:s can be 

t 

.el:ft-d. 
A tew 0:eJasm:pJ::i-e.s ;Of to.al;ontb.ian '!'ieTd app:rox±msttmra consisten~ ·rn-- _ 

vath t:his .. iltt:erprt!tatilm tif 'nu1~et~ic ,.~ At'U<tl'i'btlticm are 
~nlt:ted, ~.mrd ::·s:o:me r>! "the 1.owe.st, :e.n.ergy leve.ls a.f ·particles 

£ormed by '~e a;:;:l&IOC1atilm of two . mag:n.e-tic mo1rapdles are 

calculate:d for :'OiTeti.lar .orbits by the :B:ob:r an·~ Sommerfeld 

]'.tr-oceilure. . fil,Jilla-h ::a:s$1CC1atio:ns of magne·tic monopoles ·obtain 

pa.rticu1:mrely a'P11e·alil'llg ·:preyer:ties f.or ·.the interpretation of 
elementary P'aTticles if :We u9• th• simple assumptions: 
( 1) That :a11·ma-grre·ttc m0Tn1pole·s have the same standard radius r 0 • 

( 2) That the:ir mass-es can be interpreted as magnetostatic energy. 
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elementary· magnetic qharges values roughly 5.000 times 
. . . . . 

greater than forces between elementary electric charges, 
+ 

in the case formula 1 ;:i,pplies. A consequence of these 
conspicuous interaction forces is that relativistic effects 
may nave to play a prominent role in all calculations of 
eneTgy levels ().f interacting monop61'es.· · · 

· 2. If' we 1f9'T9 t:o interprete (for the eake 9f argumerit} the marJs M of · ·o 
a magnetic monopole ae magnet•statio en:e::tgy •f' a. flPh&:rioal uriiformly 
distributed magnetic charge g0 , ita olaeeioal radiua r 0 would bes 

~o - · ·. ·· 2 
;Ff· c. 

0 

It i • b:e,re'l'er well lcnewft that in eleotren. 1oa,tteriag 

experiments electrostatic forces withiri .tfi:1!ta.nces 
shorter than the classical radius of the electron appear . 

to ~Ql).ow Coulpmbs law a13 if all the electronic•c~~ge 
were concentrated in a very smia.,11 re.gio:r;J ( ~ingularity) . ' -- ' ' . .· - ·; -; 

in the center o:f the electron. I'.t m-ight be jempting to 
assume that the same could be the case for magnetic 
m:ono:pol.ea, namely that th~ ma.gne~ostatic cl;large could be 
co·neentrated in a very small region ( sin'gularity) in the 

eenter of the monop-ole(see also Appe-ndix) .. 
·- .. --··--------------·----·--------. ·---·--------·--- ·-----. ----- --- ·-·. ----------·-------

. ;, . ' .. 

J. This hypothesis meets however with additional difficul tie.s 
.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 to calculate 
the bj.n.dings energ,ies 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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This semi-major axis is far shorter than t}le classiOll 
radius r in the case n< ~ , in which the bin6.ings 
energy E: is greater than C~~+M2)c 2 • Both pote~tial and. 

bindings energy could never be th,at high if we had not 
made the aasumption (see above) that tbe oou.lombian. inverse 

aq:aare low would apply that t1.r inaide the claeeioa.l radius 

r 0 ~ each monopole. 
A similar kind of problem arises in the relativistic 

erase if we try to ealml.a.te the energy leveh Ed d.tr1$1'8Gl 

twlm D!"H.C'' ff equatioua instead ··~ E8 .- W.- deftJt-. ha-'Yle-- to 

wok fo.r. soflstioated. general fonmlae. Sitlte tJie·· ~oblem 

s-eem to be related. to the size o'f tile m&lh•tic ~s 
l!atber 1ban the maeses of the par-bio1es, we can use, the 
ardbrary formttla tor energy lev1t"!s 111 a two p~io;Jv, ay·atem 
atm'B!riiibg of an atottlio nuolwr and a si?lgl•' el~ 
at~ replacing the prod!C.tot Ze 2 o:t" tbe ziueXtnl7' ;&tit &lectron 
~barges lly the product g1g2 of" two monopole ohdpS'• We 

ot>'t'a±tt: 2 2 
2 .. ~a 14• m0 c I+· tF;, 22 

2 81g2 2 2 2 {. k - I ~· + rl: - k) "1" c 
'12.02 

~'Md n-1 bein,g positive integer quan"ta ftmJltber.e c(;~ n)' . 

and. m0 being the rest mas-a of the 'S'!naller particle'{eleotron 
mass in the atomic case) which i.a assumed to be IJJ,UO,h smaller 

:- j . 

than that of the other particle. Even in the case in which 
I 

k obtain its maximum va.lµe (k = n), which in the original 

-:&ohr-SOmm:erfe-ld -moc!.e1. -was (-bef.ore- the- spi.n Ql the-e.lectro:n . 
ha..d been aetectea) ascribed to cfrcalar or't)tte, the' sq_uS;X"e -
root in the del'l~minator ot fo-Emula ( ~f) · becomes imagin~ when 

1.1 ~ < 1 i?, ~ !o_:t'. ~ i.. ':.,,~,: = :. 1 ?J, ,,: ", ( !~~~~ ,1,) : " As a".~: ~~l t . 
all orbits have complex binding energies E4 for magnetic 

monopoles this size, when the enerf qua.ntUm n is smaller 
than .lf1· Even orbits with n > 1i- may have complex bindinngs 

energies if k<. 1i7 according to formula (.5). 
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It will be sufficient to establish the existence 0:£ the 
lower angular momentum limit for the ciroular orbits, since 
tt'Y'ery elliptical or'bi t _has a circular orbit tE\?lgent to it at _ 
1.t~ periapsis, whose orliital velocity is locally lower. If' that velocity 
exceeds the speed od l i_ t:;h t (the main argument used in order to proYe · 

the orbi ta ipoaei bi li ty) the same will apply to the periapsi a velocity 
of the ellipti oa..1 orbit. In the process we will al so establi eh a few 
useful formulae. 

We call r the (constant) distance between two particles 
of masses M1 and M2, and magnetic charge·s g1 and g2 moving im 
circular orbits around a common barioenter. r 1 and r 2 will be 
thedr distances from the baricenter, v1 and v2 t~ir velocities 
relative to the barice:nter. 

The f'ormulae for a circular movement in a eeRt:flel 

ma~'.·conveniently be written in the following manneto: 

= = F 

where ' 

r = r·t+r2 

r being the distance between the two particles. 

field. 

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

we ~=!'~~-~- ~1 ~~-~-~-~~--~heir ~e_:~~ivi~==--e~~ss~o~fl ____ _ 

Mi<> ' - M2o 
M 1 =-·tr~. """"'-~v.~F-- .' M2 = r I v 2 21 

-~ 111 - __,...... 
·, c~ V ct:: 

M10 and M20 being the rest-masses of the two particles, we 
obtain a system of equations which can be used to calculate 
the 4 unknowns r 1, r 2, v1, v 2 when M10 , M20 , 1 and rare given. 
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In case F is a coulombian force defined by 
I, 

F = 

fO'I'lTRtla ( 14) beo-0mea: 

A == 
g1g2 

V1+V2 

• ~ < , 

Oqviously t~is angular momentum will not approach zero 

w,hen r, IJ 1'0 . ~d. ; 1 , v [~ c , I 1; .w~l.l .1ns.1iead ";P,P~~,ic\i {\ie 
walue l 2c 2 \ which i~ _its lower lim.1 t .. . 

'· - ,, r -
This formula eXJ?J.ains why we "'8re unable to ftn·d. real· 

number solutions oi~'th~ Dir.~ ,equfl,.tion .wi th. 1k < .. fJ7 ·in ··' 

the case lg1g 2 \ = 1·3,74110 • As;a matteJ:".of fact ·t~~·bin~i~gs 
energy formula ( 5) was derived from Dirac's equa~.lons by·· 

~ ' ' - :, '' .. . ' . - - .- '' ~- .. ~\ . ' 

ignoring the mcnre~ent. o:f the. nucleus (ma~s M1 L.rei~tive to 
~hat of a smaller par~i~ie (mass Ill~. == M~?.) ~ This' pr~cedur~, 
translated in send eJa~-s!eal ter-ms .i~ ~Gr11iva~ent to di.eregarding 
the velocity v 1 relative to the vel~city v = v 2 of .. ·~he 11.e;hter 
particle, in whiq_,h case the formlila (15) is :i-ep19.o'ed by ' 

and formula (16) by 

--- ---- u-~--T/ ~ .... 
------------- -- " - ---------- -- ---- -- - --------- - - --- -- .. --- "" 

- c 

·ll.1g2 
kfi/' -c 

too-. ..an~J.ap..,momQJJ"tJJ.m iJl, kh .J.4, ~a ,(5 ), ,, .... 
this meana that there at"e:nQ ;r·eal soJ.uti.OPoS· with 

or k<H7/4 in case 'g1g 2 .= 13741ttc 
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3. The 

., ~ 

.,4_\._ 

pely-exponential poulombian field approximations. 

Our next problem is to find an approximation for the 

coulombi mt force field which approaches a ooulombil42 field 

when r ~n..J, but behaves in a ·manner comparable.· to that between 

two charges each distributed with a constant or jradua.J.ly 

v~iable 'bttt finite density within a region of a cer.taill 
stan·da:rd radius· r.. This standard radius ·is used as a substitute 

foi:' the alaesiC'!tl ratliU-$ of the.· J>'articlee or a co.tll)larable 

parameter. There are many approxima".t.iona ot co~lomb1,an. fields 

fulfill.ing this conditions, and many of them would also have 

.. crompar~bl:e properties· i.4ithin a stand:ar!d radius Zoo it t:bey 

ftfl.t'ilI "all the requirements (see below) ·we· -iQi&e to: the·m. 
·'- ml s-lfu.Ii pi-er·B'e'Jlt . · tw. cif · 'thelll; a:td:h ha~e· th~. ~4di ~al 

advant~ of be in@; easy to handlle ma:thelarii':C.ally. ti . They will 

be de.s1.gna:ted as the "exponential.and th• douhl•-•::l:P•·M"•tial 

ooulombian fiel.d approximat:t.~". :r;espectiTely. 
The s.implest case will be to aas.ume that all lllAgnetlo 

monopole charges hav.e the same atodBrd ·rtldiue r--o•'· This 

assumption gives to the exponential fields-properties 

particularely appealing in view of possible -app.li.c:ati0J1e in 
' '• ~ ·~ ~· 

the interpretation Of elE?Inenta.:i:-y partic]_ee (see last section)• 

A basic propertt of two <!qitiil and opp·ositre magnetic or 

electric charges with the same firtite density distribution ae&Ulll'ed 

to be spherically symmetric"* ia that they will cancel out it · 

they are plaoed in the same spot,· oo that the distance r 

between their centers is equal to zero. This has a series of 

implications, ·such as: 

1. The attrac~ioE__!or~!__!>etween_ ~~-~Earge~ of__opposi te_ sign 
will not go to infinity, but on the contrary it will 

approach zero when r -- } o. The same applies to the 

repulti·Ml foree b<e<tW"e'Ml eh~a of &·qi\lal sign. 

2. The ·magnetootatic energy of two equal charges of opposite 

sign wlli approkch z~'i-'o '\orb.en r-.;,* O.· . As a result the 

potential energy of the two charges will approach but 

never exceed the negative sum - 2 M c 2 of their magnetostatic 
' ~ ,c.' . . . ,· Q_ .' ' 

~ Sph"lri.oal 1:wmmr.itry ts not lik.,l;r .in particles with spin di rferent from O •. 
we ar111 0nl,y µres"'nting ~x.-.mplos to illu:.trate the method. 



i. 
r .,.-
1 ... 

i -

i. 
I. 

( 20)· 

( 21) 

( 22) 

- 12 -

~1g2 . 
~·· used in b•$"h ~f', j~ ~b .. ove !orQll.l~aa. is sel:acj;e~ in Q,r.der 

·o to fulfil the usual r$ftU(rsment that lJ,..--tq ~ wheR.,. r-0-.L~""· 1. 

Another convenient selection of this arbitrary coi;ista.nt is 

obtained by adding to U the magnetost8!t..t,o. enex:gti.es w 1 ~. axrd ';/ 20 

of the respe·ctive particles when they are at an'' in.fini t·e 
d~·s:H1amt fro'ltr· eaetr · . ot~£.! a'1nt rt-om~ efe.rf · nragn@-'tie' monup-o le. Thi a 

~· O'lrl;a'11r d1;1fm1r t'ot'al' rlr~to1Jttt'f0' -~ntJ±gy-·~~,- when 
they are at a distance r from each other: "· ·· .~ 

tr+w +W' 1o 20 

How .w1,. .. ~li·w,2n: ~air bi, ~.:~~-~i~ted ~i-1.i.~be~;~~·~Fb~,~ow; First 
we:'· shall h~· g:;tve the t-oro.-: F between the two pa·rtio le s·, 
,whicn::'~mr bw'' ah±a±he~ 1f'r:Om· ttre· respeoti;.,.;· r~rmulae· ( 17) 

.· ~d:- ( 18; ·• .. by· dl!ri~at-ion·. - · ' ·· · · · · 

Exp:cmenttal 

Do-u ble-e?tE:Onential. 

glg2 
F • - .. E:x:P( 1 + r· /r - iixF(r /r)) . 2 . . i '.' .0 0 . ' r-· ''\,'; ' -:. 

'J 

· ·Bo~h ·u an-~- ~-~~-pl°-~~-ed in fi. 1, .for -~.xp'"'~~.~Pti:~:l 
approximation~. in fig. 2 fer the _qguble exponential __ 

··----------------------------·----·---·-- -------

approximation. In each case it is assumed that g·1 and g 2 
are charges of· opposite sign, both equal to the· elementary 

magnetic m.on·.opol.e ch~·-~· 

We notice in the figures that the attraction force 

between' two char.?;es reaches a maximum· value !'or r == ~r 0 in 
fig. 1, tor r ·. O'. 9·r~-· in~ fig • . 2 

and decreases below that distance- to reach 0 when r = 'o. 
According to .r'orm~·ra: (17). o~ (18) when r = 0 two 

< '. • --

elementary charges of opposite sign will have a potential 
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( 29) 
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4. Some low energy levels in [binary ·.sf!!eas. 

We shall proceed with the ~calculation of energy levels for 
circular. oreite in~b.fhtiry cystems. 

If in formula ( 14) the · fol:'C e F 1 s calcu) .. atad by formula . · · 

( 21 )92' ( 22) which apply respectively in the exponential and . 

th.e double-exponent\~•l approximation, 
i < .("'' ''"'•'•• '.",, ,--;- __ 'f' _c ,• ._. __ ,, •«• 

we obtain an eJcpression for the angu1e.r momtm~m. A which does 

not have a finite lower limit. In each case 1lft8 lower limit 
is O an«! ls reached when r = O. We have there.fore ao pro·'blem 

of tltlt:~.bJd.·~i•ct it·"·to!l'lllLla G 16} tqe .~ "~~~- ~ase, 
-wllf.eit ~Id -t» •sel.eet:ioa ,af ~· l•YfJla \fith · an;plar 
w..n·eu3J••·a~ tJrrlawer than the lo~ lt~li$ 

1 ·:?t impo.S;e!:·d. by r~lat1Tity theory. t•f.''"th&~ ct·m. · 
- . . . ' . .f ·:· ., .. ·- . 

StJiata·w.e ar:&:~ W.th 'o.~ul.,ar. or),ita w can uae 'Bohr's 

qua.m:tl.-.toa. ~~A. s nit'·•~ 
I 

' 
n being a non. negative quantq Xi.umber. 

By using ( 7) and ( 9) thif:l :fonmla yeil.ds . 
M1v 1(r1 + r 2) = M1.v1r = nJi. or aceording .. tl> ( 10): · 

* This tormula does not require· the use of point charges and 
con b8 used for relativistic as well as non-relativistic appli
cationn. 

;, . 
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('34) 

{'35) 

'I. 

. -. 16 ... . ' . .. -·, . 

!ables 5 and 6 g!ve tor various. :a,, ~ .. ...a·~·"'.._ ·.rbtfta · 10! 

W [T, g 1, g 2 ·J 4atined as 

wf.n, g1, 82]= ·~ + M1oo2 + M2oo2 

whi.c.h J.a ~he to:tal energy ot :the "tw.o--par:"ti:Cile .qstem '111111 t.e 

11Jlka.d ·to the :re1't ~s 1-1 I:iiJ cy! "tke·~a.·w·-.~ 
. ' 0 ' 

MJnJ• ~ w[n, &1, gJ 
0 . . 

As .an •XUIPl• of· applioatlon 1et us ·:etJD&ifikr ·:t.t. . ._ 

.o:f two :amf~sb· c·~i-at?'ic ·n~~:!Bt ·•• ~--'llrMB:t ~· 
is mi eleot.ftu (M10 · .... m, :g1 = •) *'M:·~ ••••~:W.tt'le ,an 

.a,tmltio tnlo18U:s (M2~>m, g 2 = 'h). ·~-~·~·~]·a 
.,o)._ Wi:l~ then be tnUOh ·smaller than v1 (~ lS:) . ..a· m ·.tie 

41~;(~ so. :•it :r~~ ('1) ·-wm . ..._ ··. · · 
,.... ; " .i ~ ' . ·. .., 

· .. \-

·!2 ea 'a.lacFM ·u~ed .1:81..U• *8 ·:.,~ ,_,,~~a 
( 32) b•O.QiJleS 

E·U+lr · . 1 ' 

JNt ;uo:od.tng "..~ (15) ·•ifi·ar~ ~2 ad,:~ -,is-2 .~-·~e 
tml A • dli ·we .. :haft:~1·• iif .wh!u ~.11:: . . . .. 

' 
- 1) 

.. ·· 
\' 
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. A (N•i.). 

•••*****~*****************************•*********•************"'**********************~****'i-i~ ......... .._.._ __ . ! 

* * I 

* MHJ. * , ... u 4•1l'U 

* * . f'tlO g2 * '1! * 1*11 2•g ~-~- ·~. ~•g! . * * . ! 
·················-·····:·~······-:····~···~····*'·····it··~****.,, ••••••••••••••••••• ***r*'··········.,.····· 

H•fltO 1*" · • o.-2~4~5!ZU O··!'!l~to1 o.1~6!2~75 o.~6~S~~~· 0.1~.1~~~~ u.15t4tll44 

4Ul0 

9•11lO · l•~ 

· t•lJ\'tlO ~·11 · 

25•fll0 5•~ 

36•MO 6•~ 

* I 

* Ue1!1~)!0~ OeJ5~0!1~9 0.1~8!4J5~ Ue!3]6~~~6 O~tll~~.r ~lU 
•· 
* 
* 
* * 
* 
* 
'* 

0.1761247) .. ~ ~ - .. . 

0. 1 61~1f>..i8 .. . ;.. -
0.161·1•1•1 - -
0.1574ZU44 

0.13164158 - - -
0:!'13167046 - -
U.127247l0 

0.12407844 

Oe1l5U3)6'9 Oei18UUS47 u.i!l6~~5~ - .... - . 

0.118-00~47 0.1107~343 .0.1U6lr~J) 

0.11365357 Oe1063U~.J5 o.1or~r!>u~ 
0.11003694 0.1032lZ78 . - .. ·• O.O~lJ~~~8~ 

I 

- - -- ·- - __ ,. ___ ~ 

U.1Z4Ufts44 

11.11uoj6Y4 

g. 1 u j l°j l ( s . 

ClaUYl:.<~t4~9 

u.U9)Zb.S~Y 

********************************~***************•***************************•·······~********'''****"* * * . . . . . . 

M2U 

* M1U 16•MU 

* 
* 
* 9~ * 9! * 1 *9 2•g ~-·~ .4~g ~·gi C>•g * * .. - . - . f 

***************************•****":~*******'!'*********************~********************~*"**'*****•······ * . . I 

1•"0 1•g • u.1121zv1·v u.~4242314 o.21a0Sts51 o.~OS6.S4Y1 o.1!•~~f:Jl~ u.!Yo)_u~~1 * ~ - - • • - T-~ ·.I 

: u.2424ll14 u.1ti53ts140 b.1ooi4u63 v~1565U14B 0.1)0~~0~~ 
• o.21Hb~8S1 u.161>l1tOb3 o.11t7s.o.Y41S u.13t9Y·b..S& o.1..s21l141..s 

: u.2~s~3~.,.~ u:~s~s~1~8 0.1~1~9;~~ u.!2~-J~~!Y o.1~2~1Y;8~ 
* - ' i 

* u.1ct•~l~Z~ o.1·~u:sau45 o.1~Z!7~1l . o.!Z~4!~~· 0.1!•~~~~~ 

u .12li1 (tJl.4 

, .... 0 

2~0 u.11t41.S1C> 

* - ' * u.1YO~IJ6Y1 o.146UJ8U9 0.1l817U14 u.11&4Yl29 u.1121t!1~10 
J-_, ·, t ... • 



- ~.· ---- - --'-'....- - _ __,_ 

Table ~. . ~I ~o, D001ILJ: KXPO!fD'rU.L CASE 
\ -.. ~ -

A C N•1) 

*********~···~····~··••*************************~**********~********************••··~·······~; ••••••• 0 >.: I -~ -

M20 

* * . 
* M10 * 1•MO 4•MO 9•MO 1~•MO 25•~tj 36•~U 

* * gZ * g1 ,, * 
* 

************i~********~*****************************************************~·······~············••i•• 
* I 

1 *1110 1•g * o.47979773 o.44891010 o.43746364 0.43081771 0.4262~2"18 0.42269161 
• 

4•MO Z•g * 0,44891030 0,41740741 o.40591015 o.39974378 o.3957~484 o.39282141 
* 

9•MO 3•g * 0,43746364 0,40591015 ·o,39365165 0.38705849 0 • 3 8 2 8 7\3 9 2 u,379922b2 
* 

o.37559~66 16•MO 4•g * 0,43081771 o.39974378 0,38705849 0,38005871 Oe372476l19 

* I Z5•MO 5•g * 0,42620298 0,39573484 0,38287392 o.37559666 o.37089~2.s Oe367591Z8 
* 

I 

. I 

36•MO 6•g * 0,42269161 o,39282141 0,37992282 0,37247609 0.36759nZ8 0 • 3641.S2J9 
I 
I 

B CN•Z) 

I*~*************************************·~···~********************************•••·····~················ 
* * < ! . 

I . : "10 : 1•MO 4•MO 9*1'10 16•MO 25•!1!0[ j6*1'10 

M20 g2 • 01 • 1 •o 2•; . 3*o '•o 5•g , 6•9 
I * * : 
*******************************~***************••···~································~················ 

• i 

f•MO 1•g • o.53128390 o,48634068 o.47040688 o.4613)268 o.45514~60 c.4511411~1 
• 

4•HD Z•o • o.48634068 o.44398407 o.42906715 o.4z1201ss o.41615,11 o.41t46269 

* 9•"0 J•g • 0,47040688 0.42906715 0.41354Z51 0.4053l409 D.396!>5997 0.40017~04 
I 16•MO 

• 
4•g * 0,46135268 o.421201se o.40533409 0.19672857 o.3v12Y~81 o.3875Z4E-4 

* 125•MO S*t * o.45514860. o,41613817 0,40017504 o.39129781 o.38561103 0 • .381659l8 
* 

n.31316-;,?R 36•MO ~fig * o.450471,83 ·-o'a41 Z48289 o.39655997 0.3875l466 O.J77~'H•H4 

I 

·'. •..:. • .. 
·. . . . . . . 



( 

( 

. HBLl 3 

.Vitt AND V2/C, tXPONlNTlAl CA~E 

A (N:1) 

******************************************************•i•••······~··························~········ 
* .. ' ; 
it MlU * 1•MU 4•~U Y*l'IU 16•MU 2)*MIJ ~O*•~l• 

* * 
1'12'J g2 * gl * , •g "*" .S•g 4•g )•g i 6•g 

* * 
******************************************************************************************'"**~········ . * ' i 

1 •1'10 1•g V1/C * u.Z4141S21l u.u·1oll·f1St1S IJ 0 UjOl:S1jYZ u.uz17t3/tJ 0.01443(4 .. I; ·t 11• jJ jc,) 

f/Z/C * U.24141S21l U.ZY1YU719 o • .S14fUl9U u • .s2iiliS7i!4 u.339)3li1l u. 4f/l:S/i.1 

* 
4•KO Z*g V11C * U.ZY1Y071Y U.UY)S40UIJ O.IJ40/414Y u.uz 17UOU4 0.01tlj!>:SU4 U.F.1jUf1f4 

VZIC * u.ui'olilt!/ti u.oYS!>40lllJ u.10,,;1isos u.11u1vioo lJ.11.SY/1118 l!. 1bli4Yf!> - . - . 
* I 

Y*.l'IU 3*!1 V1/C * ll.314lU:SYU ll.1ll4/1llU!> u.u)ltll1.S!I u.u3l'Yli:'YO O.OZ0)4 /i:'Y Uo~1"t>)Y)j 
V2/C ·* U.1136ts13YZ u.1i4o.74 749 11.U!>1 r.Zi 31! u.U548YY62 u.u~OYY)U{ u. )'5)43!> .. 

* I 
16 *"10 4•g Vl/C * u.:szYu51Z4 O. 11U1Y10U O.ll)41:SYY6Z u.u3l9l6u1 ll.lil1Yb0Y" u.r)/Hl(l 

vvc • u.uz1 II jfll U.U2t7UOU4 C1.u.s111i1 ~9t1 u.u3l9tbU1 o.uj1o3114i u. •.S::t.HUll 

* 
25•MO 5•g Vl/C • u.:HY)3111 t 0.1HY/IS1" 0 0 U)6YY)IJ/ ll.11.S1t31141 U.Ul2Y6lll:I liop1t>lot>l r!i:' 

VZ/C * IJ.111 '-4371t.0 u.iJ183).SU4 O.Ulll~ltf 2Y u.u2i9tioY1o u.OlZY6UH o.pl.371J1Jfl 

* i 
36•Mli 6•g Vl/t * u.34Ti'l:SfZ1 0.110ll4Yl5 U.O)l!)4jll4 o.u:s:i:ui.si; llo0.::'3fUUl1 o.~1 flJl4)!> 

VZ/C fl ll 0 ll1U.SllJ4) u.1.11.sof1 f4 11.01 •o)V5.S u • u 1) 110 ; 1 11.llifl .. 6lll 11. •1 fll.::'lt)!> 

ll (fl•l) . . .. 

***************••················~···················································~····~··~········ 
* * I 
: Ml IJ : 1 *110 4 *"'ll Y•f'IO 16• MU .::') *1'111 r"'°'·;U 

1!120 gZ * q1 * 1•g Z•g .S•g 4•g )•g : 6•g 

• * 
... .L .................. ~ .: ,: .: •• : : .: • .: •• : .&._: .... .: ~!"~!"~!";:-::-~~==--=-!";!:: .:·;;:;:..:.::..,.: .:.;; ..: ..: .: .:.:: ..: ~;:,;..:;.;, ;.;;. :. .: .:..;.:.ot;C. ,.._.~,,_~,. .... ~k-· ....... ti-it-rt•.··- .. 4." .. 1 .............. 

* 
1• .. 0 1 *g V1/C * ll.34Ytl41SJt> U.11Y)f439 U.O)Yl4164 u.u3::.4f3Y2 o.lil.H11t1 .S ll-~~ ~llc'b~ .. 

Vl.lt ... l1 0 34Y114llJO U.1o:hU14Y3 0.411 i2347 u.1o936So)3 u.51UU7i.3il u. Z.::'C>4Zf1 

• I 

,, ... 0 Z*<J Vl/C * U,.4 . .S4U14Yj 0.1)))/YH u.ol7112H•Y U.U46)11YC>2 u.ll.S1Ul.Y7f' 0.~21.C'UIS(j 
VllC * U.11Y!>74'JY u.i)))(Y)7 11 •. 1 avi;jn u. HIJJYofts 0 0 1Yll)Y56'° l• • Yblilo 611 . I-

• Q•,.o J•g \' 1 IC ,. ll.4111Z.S4f 1.1.17.::'Yl!J/3 u.111,.703.::'U) u.u5.:ll.::'U111 li.t•J).U l f c' Uo~•,l) ;l;.::'Y4 
voe * u.u!>Yl410" u.1-17 fKll off u.u117i>3lU) . 11.09.Sblllil 11.1•Y/fO(JY ''" .. ilU7t'Ycj 

* IJ.~c'fJMIUl lO* .. {I 4•g Vllt .. f1 ... YJd)U!>J ll.1lljjYo7ll 1.1.UY3b2lYl u.u5t>71'111tf l•.U.)b1l!f31 , . 
V/IC * u.uj!>lol.SYt u.•.l4t>!>t<Y.ol 11.11::.Zi<lvlll u.u5o./o141 •J. u) ..... i'll" s l'· 'bl4"4t>ll 

' . . .. 
Z5*1'11J 5 .. '1 Vl/C * LI. )111U /4 llS U .1 Yll)'l)o4 11.UYf (llf 3Y u.u5Y4t!1J1t5 l.l.l1"11~6)11Y U·~·2M•'-t>l'Y 

VZ/C * 0.11/311.i.n U.l•31U4Yfll 11.uj)_\Zl 7l 11.u..sinu1 .s1 o.u4uol'>'>""' l!o 14~'.lt-vYll 

* ' . 
36*"0 o•g V11C * 11. '.lllt> .. lll U.1Y6Ultbl1 (J.1UUilYZ.S U. U614b4bll t•.IJ4 l !>ZUYb U.~llYY'.)b'.HJ. 

V.::'IC • U.U17UlOl4 u.t•Zc'llJtliJ U.Ul'HIJlY4 ll.Ulfjollll/ llollc'b~4ollY U~.llY"''.)1''>0 

. .. . ... • 



TABLE 4. 

V1 IC A"4P Vl/C, lJOUM.B.:ID'OlfBl'l'UL CASE 

. . . . . . "·0•1> .·. . . . . . . . : 

••••••••.•• ~ .................... ••••••••••••• ****** ·*········· * ................ *** ••••••• ** "* * •••• * ~ ** * * ...... * . • * . . . ' 
* "10 * 1•,,.0 4•'40 9•HO 16•MO 25A:f'!0 36•""0 

* *· 11120 t2 * t1 * 1•g Z•t l•g '*O 5•11 6•g 
* * . 

*******************************************•**************~*****"********"*****************1********** 
* I 

1•1110 1*1 V1/C * .0.12011431 Oo03Z50277 0.01Ul986 o.00847111 o.o0541mB ~.llOlB.571t3 
V21C * o.12011431 o.12899305 o.1JZJ099J o.11431443 0.135742f.6 .136848~7 

* 4•M0 2•11 .V1fC * 0 0 12899305 OoOl495Z95 Oo01598Zl8 Oo0091ZY56 0.0059'·<25 o00412~ZZ 
VZ/C • o.OJl50Z77 o.Ol495Z95 o.OJ59417Z . 0.01649541 o.oJ66~46l .o371J766 

••11110 3•1 v11c : 0.13230993 0.03594172 o.01•47995 o.0094ze74 0.0061005<> J.oc:H.69•1 
VZ/C * o.of48Z986 0.01598238 0001647995 0001676059 Oo0169437Z ~.01707SZ9 

* I 
16*"'0 4*1 v11c • o.043144J o.oJ649541 o.01'76059 (l.00960Zl8 , o.oo6Z1Ho c~.(l!l4JS47~ 

VZ/C * o.00'47111 o.00'912956 0.00942874 0.00960238 O.Oti9l1644 ~ .. 00979784 
* I 

25•1110 5•1 V1/C * o.13574201 o.ul6h463 Oo01694l7Z 0.00971644 o.oo6Z9H5 01.00441263 
VZ/C • o.oo51t8011 o .• oos90225 0,.00610050 0.0062181(1 0.00629755 n,.C•C>6.H41 Z 

* I 
36•1110 6•g V11C * o.13684867 0.03713766 o.017o7H9 o.00979784 O.OU6J541Z vl.oou5•54 

YZIC * o.oonuu o.oo ... 1z 1nz o.00'26941 0.0043!1476 OolJ0441Z6.5 01•()0445454 

B 0••2> ' 
*********************************************************************••••··~················~········· 

* * j * 11110 • 1•MO 4•MO 9•MO. 16•1'11ll 25• .. n I l6*"'G 
* 

9Z * 01 
* 
* * * I . 

······························~····~······~~····•~&~~··········~····························~········· * . . : 
1*"0 ,., V1/C • 0.21469671 o.059926JZ 0.02757516 0.015111947 o.0102nz1 °19007Z<l142 Y2/C * 0.21469671 0.23349877 o.uo•5SBJ 0.2454020 0,;24854219 OoZ5096UbU • 

01000786462 4*fll0 2•g Y1/C " 0.23349177 0006561981 o.01021965 0.01732703 l'loCl11Z25l1 
VZIC * o.0599Z63Z 0.06561981 o.o.1no11 0,.06915260 0.06998993 o.o7u6o7o8 

* I 

9*MO ]tg \11/C * 0.24095513 0.06789081 0.03136339 0.01100511 0.01167Z9J u~ OOli 160J8 VZIC * tl.02757516 0.01022965 0 00J1J6Jl9 000)199789 o.oJ240997 o.oll7u511 
* 

16• .. (I 4•g V1/C * 0.24540246 0.06915260 0.03199789 o.oUJ955• 0.01191111 0~0011Jf11U VZ/C * 0.0011947 o.01n2101 0 001800511 o.oUJYH4 0.01865076 0 (•1 lltlli'Z9 
* 

25•fll0 . 5•g V1/C * 0.21.85'219 0 006991ttJ 0.03240997 0.01865076 O.OTZ11H8 0~(101i4Y974 ~. 

VZIC * o.01ouu1 o.0112zs21 0.01167Z9J u.0119:f111 (J.012113•6 iJ ll1t.ll'114 • I l6•NO 6•g V1/C * 0 0 25096080 0.07060708 0.;03270511 O.OHi8.5ll9 o.r•122Jy11o {1~11085"259 VZ/C * o.o·onouz 0.0(1786.462 o.0011llou 0.00837110 o.ooa41;v1. {l uu~~Yls·v 

--· - ---------'--~-----~ -~ ·---··------'- -----~- ·-··- -'"· _:_ -·-·----~- _._._,,____,_ - _.....,,_. -- --·- - :_ .. 
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Table (). "1ASi O~ BINOY SYST_EM OVER MUS MO OF ELEMANTAR'f CttOGE~ DOUBLE EXPoNENtIAL CASI 
I •. 

"'' I 
**************************~************************************************•········•·t··············· . * * . . ' * M10 * 1•M0 . 4•MO 9•MO 16•MO 25•~h l6•M0 

* * 
1121) g2 * g1 • 1•g 2•q 3•g 4*g 5•g 6•g 

* * I 

************************************************************************************~·+···••********** 
* ' 

1•M0 1•g * 0.01651317 1.01155588 4 .01073307 9.0105J667 16.010506.( 25.U10~J3d1 

* 9.0rJB5~'6 4•M0 2•g * 1.011555fl8 o.ons26327 1.00399387 4.uo.ss~1n 16•:.Hd2 5 7 c: 7 

* i 
9•140 3•g * 4.01oi3307 , .tl0399387 u.oo259t>38 1.0020909] 4 .nOP356~9 9 0 G017,9•H 

* I 

160i0 4•g • 9,;01053667 4.liO.S55172 1.00209093 0.00155616 1.ov1.so.s4..s 4 .00116~07 

* 
. i 

Z5•M0 '*g * 16.01050687 9.00335586 4.00185609 1.00130343 0 .0010.40f 4 1eCi0089645 

• 
36•110 6•g * 25.01053381 16.00325727 9.00172997 4 .0011651:17 1.000896+5 o .uoo74 76ii 

i 

.••• ~*******************************************************************************~ •• ~ ••••••••••• ~ ••• 
* * * M10 * 1•M0 4•~0 9tM0 16•MU 25*~0 l6•MU 

* * - H20 g2 * 91 * 1•g 2•g l•g 4*Q 5•q 6•g 

* * 
···••*********************************************************•••····················~·t····~·········· 

* ' 
1 •MO 1 *g * a.o55llH04 1 .04001492 4.017524,2 9 .o370J761 16.0.H071 f j 25 .oH 26° 35 

• I 

4•fll0 2•g * 1.04001492 0.01889133 1.01447958 4.01294112 9 0 CJ1 £l6t.+U 16.IJ11Y9~5 .. 
1hM0 l•g * 4.0J752452 1.01447958 0.00951'219 1.007 l00U9 4. 006856f2 9 • UQ 0 4 Ll 5 l ' 

• 
16•MO 4•g * 9.03703761 4.01294112 1.00110009 O.G0576091 1.0048:4d2 4.00434•105 

* 25UIQ 5•g * 16.03707123 9.01226640 4.00685692 1.00484252 o.U03880~0 1 .CW.334'"-SO 

* 36•fll0 6•g * 25.0372693, 16.01193285 
l 

9eOU64051Z 4.00434065 1.00.H49f0 0.0~279999 

' 

,.., . 
_ .. ~ t ... ~ 
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- - 2 - ~ - - - - - - - - - - - - - - - - - - -
M0 • g )2r.o (formula 24) of the D:\..:t:i3.0. monopole is use.d ::i.s a 

unit. V:e notice at_ once that. magnetically neutral; systems 

( 1Un.12:011al figurq.n in the. tables) have r·el.ative~y l•w 
- ·- --- - --- '• '' - ... - ' . ' ' _, 

m,asse·~ comp~.~d wi:t;h. t~e~ maoa t. Qf a.. ~ac mona;µole. mn tl;le ... ,_ ' - . 

other. nan d the· maf?~e11 Q,f magnet.ic:ally; ahax.ge<L,. system.a are 
nlight,l.y higher: ~t:. cJ.Qae: to t.}le n1f;9iB~ae .{ 1, 4, .. 9 ••••. a.ta.) 

of m:ag;netic monnpn'les:: w.tth the· a;sae ~et'ic. ~.s (s,, 2g.,, 

·3g, •••• etc·. re'Elp'l?ctively). Th1' diffeT.e-nqe.~ bEltwe:ein .. ~- mas!! 
i .' '·· ,_. ··- L. I' '·, 

of .:.. c·,.,,o/ or.:. mar€$ par.::tJ.c;le.,,...sysum az;rd: th:e masa: o.-f a magne:tJ.c 

mono:p.ole wi±h ;the s:p.me .. ~eti.c charge i.s 1" wha-t we c~,. its 

mass-ra.aLuu~. 

T.a• ~ ·f''lrtlt$.~ ~;..it•. h.-. bert ~•hl• t•· o:~ th• Ill_.,_ ~L 
binary e,-&tWSa; f'br the~ tw.- lD'ffeB'- 9'1'ftr'8J" hA•l& i.:1t· 9.#i.cd•no• th&t the-re 

i. n:o . th&'H".,.ti.oal. bari.Mr' as&inslt th•· ap.p"lica.1iof;l or quantum the-Ory e-ven 
•• - .'·: .'- ~,·- + ~ - ··: .- ,: ' '· .> . -~- ·- :::' ';''.- :· ,- ·> ' , -~ :~:" ' ;·• 

•;th.i,.n:; fit~"'' 81J1'1liil.•.r-· ~. thti: oiuiod r.tiulf ~r l!ll•n.UiQ. m.9n:op~l 
• . ,' . . ' i ... '. - ,• . • ._.,' ,; ' 

( 1)·· 

( 3) 

. I• , 

·'That the rn::irr11terr crf magrretit? hronopol.e13" ;;xt"e' magnet:uatat'ic 

energies of' ctta'rgrrs~ ~R:trtbu:te~d''with sjh:ertc0a.I symme-try 

d.t-oi.ilid the ceni-.e·t::s or"ihe' respedt±V'Er pmicll!'s. · 

1'hn:t the l:i~ar- dim!mt:ions· of' the various monopoles are 
the- s-~ tlll'd e:an, b& tbmcrib•.d by a. r.fnfte ecilnmdn standard 
ra~d-itt.s· r,.. ··. t 

0 •· 

'f'l'ttfi l'lottt'9 ~I""ri:a-itt~e~ o'f'I ~lombimi- f"1·elfts 'ltittt prt>-pttti.'~s similar 

·to tl-t!r6.M~·lll-P,· ~: ~nt:ai .aa;a m; U.ml" I,\'& .84IP.l"OX:i'lll&t8" 1111881\l>'f!r ta de sari be· . 

. t.hf.!!I · ~ nterac;~i; OTllJ tJ."'t.~·rl; 18-AJitI-"t:Lo mon~¥ts~ .. -
--------- ·---

. With t'~e a:'S'rrunrpti·o1t-s; we 1rave- sfurwn that it tg possible 

to· identify .rrnrtre· important pr6pertt:tm, p-arttcul.arely ma:astnI 

and. 'ener~{tcs,' '• ci¥''phitlc£e1f !ormoet!· bJ' a~cfa~tt.rrr:r 'df"'~t":"ri 

magl'lettc rrronopa:'J5en'. . This dpetrs tb:e po-ssrbtli tT tu obtain 

theoretic predictians·· Of' Va!'IOUS" 'theories for· the- interpretation 

of eiemerrtm·y pr.trt±cle.·~r· by· the a:.?sociation of seve'ral magnetic 

monop&les. In a suba·equent" paper ('Bai:Ticelli. 1978) a few 

ou~gestlons for 111Uoh an interpretation will be. discussed and 

theoretical calculations of the masses of various element.'1.ry 
particlerl will be compared with experimental data. 
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(A) 

>,J_ 

(1) 

(p) 

(D) 

(B) 

II 

monopole), irr••P•atiTe of th• que•tion. aether or no1' t 
be nbjeat to a 4ireot •••ll'W!"aeat 'Dr the .. thod in4ioate4 aboTe. 

' > - - •• - ,.: • :> ~ - } --'ii: .. \:,, .. . , . ., - - - - - ' .: ~ ,., . 

Tht proportion P between attrutic>n tori• P &Ill H• oouloabian 
2 r . 

Talue 4i' tor two Mpttia •oitopol•• ot oppoatte equal onar1•• I aa.4 •I 

ta defue4 b7 the tor91l.a · 

,. , . .: .. , ... :- .. • 

* . : ... · ... · 
We ant to tirld the r T&lu• I:' •a•r• thi• p'l'Oportidri naehe• a oertain \ * 
Tal1.ie P <. 1 uaed in or4er to· tefine th• particle radiu• r • 

1 a•t be e41l&l to the oent.,-ihic.al. fos-••• 

. 2 
.'JI • .,. 

·"'7 

• De:inC the .... ·u. T the nloo~tf o'1 "88 pertiele. 
B;r elim.nating '1 o.t .. .- (.l.l; d (I) .. obtains 

2 
P *•Y.r 
i: 2 

I 

·rg .•• , ...:!.. 
.. mr 

_ ,.__ !~t!!l_~ tbeu~p];ar ~- 1' 'b7 tb'9 _tA .... ~· ------- -----.:- ---- ···-:------------.--------- ---------·------ ------.. -, _,_ ___ _ 

or according to (D) 

( P) A • g l{arPr 1 



o• 

(1) 
: """ 

L 

IV 

- - ~:t a i.~ -tn. -" Of • ngn•no-aon.opore gi 'Yen-b7 toriiUla f24J 
in. eeotion 41 

•. L 
. ·, 2~ o2 

. 0 

' ! 

ft I:t. I 1• a J>ir~ _~~~pole giT•R Q' :tol'llllla 1 aeotiOD 1, ,.. • ·lfl 'lfo ant · the a'aJoTe :torn.la · lteo011H 1 

--· \ 

....-,. v· •'+ ·.•.·. r··~ .. 0 "- • - tt:9' -,... ·. 13f p· 

.• 'tf' '"'''•'' '.• . 

Since .~r,d. ·~· ~Oi8'B to be O'BP, .. bl•. to 'I: o•tl ~,. !~~e 
to 1_,, ·.t.M eror ~d. li1·11·~~ltftli' ~cnrar tUll Jt ,Vr ~~~- ~·~· t:tltan 10 %. 

!hia 1• a ra:ther oon.,101..oua ·UTC>r lNt ncn •o larp •• to make 
. , . • ·. ·, '' . . _-: • ~ :.- ~- .' . . ~- ! "\"_ _,.:; ,'¥1 '·· -··. _.. . 

-.lie n41ll• of a 1111Lpetio aonopole •a .--1Dcl••• oon.Oept. 
• , , , -:: - • - • : i' •, _. ·., I > - • ,- .- ,' ~ , ' • - ' ~ ' ~ • ' , ' - , ' 

·• twaetrall;J oppoatte re1Nlt ~ 1M obtained. ~~.in ate&cl ot 
c-&l.cul.atma the -e~r for a :Mrao Aono,oie...n.tiu;• ... lta4 oaiO\\l&ted. · the 
error . :tor an elei;11r~~-ra41ua • In that eaae & .OU1~1'' ~Te to 'be replaced 

b7 .! .in fOll'mlla (•) ~ .•inc• e2 • ~7, :t~a (I)· ~la Sec~• 

!he error would be aore tb.an two oner• of -....pitae greater than the 
. . "•.:-:f\ •. . . . .. ·, . 
quantit7 '\r ?."f!I want to a...Ve (•inoe i-.:. 1 } • 

. The ra41WI of the electron, aa 4efine4 al>oTe, iii not a me~able 
quantit1' aoao·rding to Btieaberg·•a in4etel"Jlina1ion priiloiple. !rhi• 

· woull aeea to put a. question aarll:. behin4 eT8rJ' 1iate .. :at to the etfedt 

that the electron h•• a apecif'io ra4lua finite or sero. One llAY,arcu• 
that the reaulta ot high enerc;r -acattering experiaenta :tit the p.QUon 

I 

that the rad.tu• of the electron. 1• sero or at leaat inaignifioa:rh: 
' ooaparecl wit.h the cluaical electron radiua. But then one oan argue with 

~he au.a richt that the apectru:m o:t the qfropn atoa tit the notie>n 

that the error• in Bohr'• theoretio T&luea for th• orbital Telo,ity ~ 

• 
I 

i' 
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!i, i f~. 1 
P.itp•n~nt1a.1 approximation foroe 1 (upp•r di1,gru) and potonUal enetrgy U 
or w1 (1owel" dill"fr&m), a• a. f\lnotion of diet-.noe r, between tw• nta«n•tto 2 
~onop•lee of ohar'-~ g (« • Dirao aoaepelo). f is meeu~ed in unite of~ /r0 , 

n and w1 \n units of 1.02• g2/r •• w11e defined by w1- U + 2lt9 o2, and is 
-equal t• 0 when r • O, and equ&l t• 211. o2 when r • •· v1 i e therefor~ a 
J11eau.r• of th• tatt.1 mlJl;n.•t•e\'atio en0rg1 of the tw• 1aen.•p~l•e as & funotion 

oftheir di•tano•. 

F\g. 2 
Same aa tig. 1 f•r dMJ.ble-expetlttnti,al oa••• 

' 
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