Declassified in Part - Sanitized Copy Approved for Release 2012/06/01 : CIA-RDP82-00039R000100030001-7

e

AR I ! AR FORCES AND

A Usparnmi Fex Navc, Mo 2, 1947 ¥, L. Ginsburg

50X1-HUM

Intredusction
The mosen theory cemprehends all preblems concerning, on the

i one hand, the rath of the meson as ebserved im cesmic reys, and en

M. , the other hand, the mesen theory of nuclear ferces., Both ef these
$ divisions of the theory are far from finished and are still being
worked out, in spite of grest diffioulties. It is therefore

“
naturs) thet a fing) statement cannet be made en this subject; eur

")p\n'pon ip merely te elucidate its present state, (This article wms
w
wr:ltton"&pb 1946).

g At present the mame meson er mesetren is given met only te the
v ’ “g very heavy particles observed in cosmic reys, dbut also te the nunéoroul
" { hypotheticsl particles whose masses 1lie between the masses of the proten
' | and the electron, We shall use the term "meren" te specify when necessary
what sort of particle (hypethetieal or cbeerved)'is under discussion,

Mesons were discovered in cosmic rays in 1937 /173 the hard com-
ponentsof cosmic rays at ses level or lew altitudes are bansically com=

posed of just thess particles, Mereever, at sea level the meson hard

compenent amounts to about 70% ef all the partieles in cosmie radistion,
Under labera=
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tory sonditions, as far as knovm, muo-inm have not yet .

been obtained, The study o! the nopurﬁ" muwﬂ’
in rosmic rays is rendered diffieult by many eiroumstances,

v the Tirst of whiah is that any large quaktity of soft partinles

v

is lacking in them, Oonsequently, in spite of intensive
‘ experimental work, a whole series of basic characteristics
¥ hdco not yet been established for the nu@. Moreover,
. 1t is even impossible to affirm that only one sort of very ‘

heavy particle. can be observed bn cosmic rays ,or to say.

whather there are A very heavy particles with a single
magnifude

) value of the:pesg’nassy. The of ehe charge and, e & Fertiors, /
3 m the value of the_  spin_ “of the meuq_t_gjn (;

aannot be eonuaanam‘f . w/{!%gb}%lpaﬁ b oxpermont.

v |
{ ‘ \ 5 Nevertheless, without taking into consideration the

reliability of the data on hend, we cen make the following
Asie('i‘n'a\r\s X

1. There are melgﬂns with both positive and negative
Value
charges. The nﬁ:lf the eharge7, ovidentl;\rj equall:to, ‘

A

S

B

where ¢ is the charge of u\-;‘lentron. In any case the

s
L5

¥

s

charge of the mos@n does not equal & 2¢ and so forth; -

n
_)—thmr-ba—euml\ however, it the charge of thom W\a’t\ be GSS\MHFC‘
b
E-Joon-ft nlose to 1 e, but apart from this value, we hawe

b Ui

no statting point,
l2oo electren masses; 7‘40%/5

2. The mass of the mesSiwfoh 1s approximatel/y;\\ 200 Torg_
£ whero mo is the mase of the electron, The most frequent

valuu of m 1lie between 150 m, and 250 mq. hence, in eny

case the overwhelming number of very heavy particles of

| eoqnﬂc rays at sea level have a mass close %o 200 m,; the

hypothuis that the majority of partirles have only ons value

‘!of the mass dou not seem eontrary to axperiment.
‘3. The meué a/“ spontaneouuy, and the 1ifetime

Min the ’ystom of eoordinatu emv*lret with 1t oc_mlf Hoo
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VCP AN 6'
T 32" :!.()'6 gecond, An electren (er pesitren) flies eut during
meson decay. The neutrine, fastest of all, is the second particle te fly
off, BEut this is not preven snd it is inpossible altegether te exclude
the possibility ef the decay of the mesen inte an electren and photen,

If decay preceeds with the escape ef an eleotren and a meutrine, the spin '

of the meson iq\nlu sere or one, since the spins ef the electren and
+  neutrine equal ene half and a full spin pust be conserved durimg decay.

It is mere probibl? that the value ef the spim equals sero (See .
'I¢ the meson decays with the escape of an electren and a pheten, the

spin ef the meson equals one kalf., (The spin is expressed hn"ﬁ wnites

i, e., if we say that the epin equale 3 er 1, we mean that it is equal

to 3% or N ).
s . Of basic impertance in the study ef mesen preperties is the quanti-
tative corparisen ef experimental data with theoretical results from
sssumptions as to the preperties of the mesen, Thus, fer example, in
order te form an opinien as to the meson spin, the great lonisation pulaaa
, observed in experiment %&mpnred with the pulsen caloulated on the ,
| hypethesis that the meson epin equals 4orl, /2/ R

To caleulate the verious effects dependent on the interaction of - F

1 mesone with matter, it 1s ng?easnry to know the eriginal properties of

a meson P e B
S

(ka - next r’av\e_)’




Declassified in P iti 2 ] 7
n Part - Sanitized Copy Approved for Release 2012/06/01 : CIA-RDP82. 00039R0001003000
X -

. ‘4;_‘...; <,

- T (i‘jij\:‘. ;}':.43\533'\'
(mass, spin) Jlnd the mature ef ita intersctdon with the electromagnetis

£1e1d (phetons), light woight particles (electrens and neutrinos),

ar particles (pretems and neutrens). At pregent no definite

“\er of these problems ef the theery. But
es with definite values of
oxprouiona fer the energy

and heavy nucle
assertions ean be made on ol
4 the examination be 14mited te particl

et mars, the mumber of equations and

spin and re
of the requirements of relati~

of interaction possible from the viewpeint

to be relatively small. (This’ stateneat o

vigtic invarisnce will preve
Base

means that variants of the theory pernitting change in the spin and mass
[57) are not examined, The theory of particles

of particles (sec
ively complicated and ipdefinite, Con-

with variable preperties ip relat

ntly the limitatien st the start in
4t 4s natural te 1imit the examina=

seque all oases is perfectly natural.)

¢ in the beginning,
pot exceeding unity.
with a spin greater then 1
lese than or

but

Moreover, at leas
tien te particles with a spin
asmumption is that the theory of particles
very complicated and the value of a spin
erentiated not only by 1ts simplioity,
sties Ji/. Abeve, in spesking of the

nsiderstion by sgsuning

The reason fer this

sppesrs to be

aqual to 1 1s clearly diff

aleo by certain essential peculisr

this circumstance into cd
vhan

groster 3 unity (if,

poseible in

spin of mesens, We toek
W + spin for a peutrine and meson spin mob
the #pin of & neutrine equals 3/2, whizh is

for instance,
into sn electren and neutrire would

principle, the decay of the meson

h the hypothesis that the spin of a mesen equals 23

be compatible wit

s

ginilarly, the decay .
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of & nu@n inta an eleotron aad photon is sompatidle

{'on - .
vith the Siatent m&“%‘}’-ptn ctmiiswsmocibon oquals 3/2). o
Onrthe: basiwenf the above statements, the theory of '

deals slmost exclusively

the ml@ and nuclear forces

with partioles Tin spineao, 3 or 1
tion of mesoéwers with the eleatromagnetio |

A The interss

#1014 is the simplest, This interastion is determined in

the firat place by the presenas of an alectrin charge i2

the elentron, The electromagnetic interastion of sams—
) )
deite W retarcla'b on'

mesons i,
-o_hm, jeading to the formation of],\'-,‘ohetronl and

I

Sagss radlstiongis essential in determining the spin of

the mc@n and vill be discussed in 8 1.

The most XmE complicated end at the same time nExL

interastion of mu(m—\no with

— L

important prodlen is the

auslear particles as wellh as wi_t; electrons and neutrinoes, ‘
\decvy’ "

vy
Twe—dtuintegtation-of—the men@E\(if into electrogs abd
- v/[\\ ' i

ar Mainteﬁéauon are kha processes

neutrinos) end nuele

dependent upon these interactions and euent/i.ul to cosmic

reys. (see [B] for discussion). Furm/wf‘,“:%\&amuah as
Zuter o B

mencﬂ;\no are unstsble, they cannot come from

space but must be generated meinly in the upper leyers

of the atmosphere; however, the formation of mea@nl

by primary aosmia particles jwhinh are probably alweys

protons, obviously b8 anotiof - an electromagnetic ne~
ture dbut depends on neolear interaction. D oe
problem of the tnteraction of Meslm. TP e

The importence of the
_$rome with nuclear perticles, how
processes but salso, to & great e

oy 193
the problem of nuclear forc,;s{. As we know,(iﬁ?ﬁhe presen—

e atton , MR Tomn

sation of Yermi's theory of =
’ \ pelatie
eory of nuelear forces i Soma Led  the

eppearance of these forees with the faect that heavy particles
were l.nterchangc?ijﬁh 1ight~ wu:JM‘

( protons and .mu.\:rc:«:jigQN EIDENTIA

ever, is connected not enly

with cosmic rey xtent, with

developed the th
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parti€les (eleatrons, positrons and neutrincs), In this ex~
ohange the proton, for instence, gives off a puitron,wl‘lﬁ the

neutrino being aonvar into a neutron; then the nl}fon,

i v"’ absorving the ltchi,;gnr! ticles, turns iato a proton and so on,
b ’ Ag a result of a simikar interchange of charges, the proton
o anait ,
5 . and neutron , now at a certein dmm‘:,m-.m-»m, M'u)umu.)

stron
W interantions jda~ddrenghivy

' a The situation here is similar to the interastion of 1

two moving eleatrons, for example, which depends on photon
interchangs, In the electromagnetic case it is powsidle to
HFrom 4hs idea,

proceed from theiides;of waves instesd of w(bf an bx+.:=
lid o l change of photonsj Zfom:this:standpoint each electron crectes
‘ ! around itself s field which ssts upon smother electron{ Simi-

lar wave concepts abe used Mnuelou' foraes, Thﬁs it may

be sald that a neutron cresetes apound itself an electonf= newtrinoe
S~aewsrinte field acting on a pyovon , eto, J

In a quentitative relation the theory of elmatropie- elec'éron-nw‘frl'nc

e

) neutsdabe nuclear forces (or lo-oﬂlz)dg,t@fornon)min- L
adequate s'nce, becagie of the weakness éftf-interaction P '
the forces provef 19‘}1 ss than necessary 49”; factor of the
order of 1010-—10“( see [T7).

Tooéﬁgvﬁ;'%ho aifficulties in the theory ofbj\taf‘ornl , in
’ 1935 Yukawa formed a hypothesis sbout the existence of a
o special ﬁ.em: of nuclear toraoa.-b-‘i:\ ﬁmuzauon 4 this

MAMJ;
field is scnnanted with rertain partieles analogous to

protons, which appesar when the eleciromagnethbe field in quantized.
In the ;bzoneo of photens the new particles, which we N
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shall now aall m-@pl, nu,-, nmrnly%& ohucol’”/

ny in udditioB, their mas rest mass will not oqual mero., I¢

.
s easy to show (see § 2) that the nul-,éofnpaiualn“h di=
r.my"ﬂ&iﬁ* the radius r, of ke sotion of the foraes

dependent on the o:chﬂip of these partinles, as followst

romh = 3. m [P 171]

It is known from experimental data that the radius of sction

of nualear forces is of tha order‘roﬁsado'lalm AP
sccordance,

hence, Ln'quuiii with (1), m2ag200 mg, The mass of the
nev partisles thus sppears 10 e of exaatly the same order as
the mmss of a conml.or::n'no@n. It 1¢ therefore understandable
that after the discovery of very hard partinles in 4B cosnic
rays, the mu@n. theory received a powerful stimulus to-
wards further developmht.

According to this theory, these forces dopcnd on the ex-

change of protons snd neutrons with muéﬁul. M, 12 ’3

the spin of the nesdemen Ap Suvegeei—end equalsfy O or 1,
the exchange can be ST by one mescAwmh, since the
epin of a proton (neutron) during conversion to a neutron
(proton) may chenge o O or 1. (But in thob;\-forco theory
the exchango tekes place through two partinles, each with

-!-eﬁu# 3.) The assumpsion that the spin of a mno&nn

1s en integer is, therefoes, simpler and vos eccepted by Y"‘k“wa' o w—
e gs - - v oo beta-decayyYukawa,

ﬁ.}w& To inelude in his own

that ixe meno aould into electrons and
neutrin}lf ﬁu-ther, inasmuch ms there are both P T
beta- 7ﬂ7‘m¢ (éff’ffféﬂ) and éé’fd"/oanr‘wt’ (/oorr fran)
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disintegretions, mesons are assumed to have charges of both sigms.

s

Both these assumptiens are in agreement with the preperties of mesens

as observed in cesmic rays. This fact gives ndditional cerreberation

to the whele coneept of the cennectien of nuclear ferces with mesons.
Howevar, the effort to construct a quantitative theery which would

agree with all of the experimental data hse not as yet been successful

and has met with serious difficulties. In this connection there i ne

complete theory of nuelear ferces and, properly speaking, & relation between

pesene observed in coemic rays and nuclear fercen cannet be considered

definitely established. Nevertheless, the combination of qualitative

” considerations mentioned abeve and the slmost certaim presence of the
nuclear reaction of nuonsﬁ.n cesmic ray showers afford no serious

/ ‘ l occasion to doubt the interrelation ef the whole group of preblems in
regsrd to mesons and nuclear ferces,

The meson theory ef nuclear ferces will be taken up in more

detatl 1n § 2.
§ 1, Wave Equations for Mesons.

Interaction with Flectromagnetic Fields
The form of equations which must be satiefied by the wave functien v
\ of s meson is determined by the value te be assumed by the epin ef

e e s R S

this particle, Therefore, the equations must be relativistic invariants

and consequently the wave function becemes a spiner 'of some rank or

other (or in the gemeral case, it becomes & combination: ef spiners). The

number

R
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of independent components of the wave function ped must obviously

be related to the mmber of pessible prejectiors of the spin in any

airection==it is this that suggests the idea of desoribing pertieles by

the aid ef multicemponent functions. To a considersble extent vhat

hae been said above defines the character of the wave fupction and the
% corresponéding wave equation.
If the meson spin equals sere, the wave function JEF has but one come

penent and is thus either a scalar or & pueudoscalsr. This, as we
knew, 1s equivalent to & completely entisymmetric tenser of the fourth
with only one independent oomponent, fer exsmple, the com=

Tank @ fyin

| 6
u,) MWM ) ponent ¢)23,, ° (A magnitude behaving like a temser for all trans-

L

i
i
I

i

/LAY
(U

formations of ceordinates reduced te rotations is called a pseudotenser.

space ccordinate changes, the eign of the com=-
gn of the conpenents of the psevdotensor

When the sign of any

ponente ef the tensor and the =i

may undergo different changes. Fer example, & pssudotensor of zero

rank,(that is, & pseudescalar) has onl?"e%mponent, the sign of vhich
)

differs im the right and left eysteme of coordinates. 4 completely

antisymmetrical tensor of the fourth renk ‘Piklm

A
s
\'"ﬂ i?1231, E v’fizau. s 2341 ® =f2134 «-o hae the same properties.)

The wave equation for & particle of zero apin 1a:

. 179/ (2)

+o p)

If the wave fumction is pacudoscalar, it is necessary to

CORFUENTIAL
9

e | o—————"——

with only one independent camprranl
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substitutedD),, for(Pin squatien (2).
Fquatien (2) like other wave equations dincussed below 4s the

equation of sore field==in the prugnt cage, the field of the soalar
CP . The relation between the classic field and the combination of
« Perticles cerresponding to it is cetablished by quantising this field;
in quantising, the field 3 '(1n case ‘?)the field of the soalar 0 )
is cemsidered an operator, Ye ghall not linger here on the quentum theory
of weve fields (see (87 and JQ7) but limit curselves to the
sinplest method, mentiened abave’ of rel mﬁ' the mase of the particles
with the magnitude gy )(}/nppeuring in equation (2).

A horizontal wave, the sclutdon of equation (2), tukes the ferms

E 17? &)

Moreover, in aceerdance with the basic asmumption of quantum neehuni%,
nemely, de Broglie's rolation between the momentum of & particle p ¥
and the squsre of the energy, we have:

£1771-2 B antetf e ()P
: From this {nd grom (3) it follews thut equation (2) described

.

particles with a rest mass m determined by the equation

£ 115]7 (%)

One of “he imrortant results of the quantum theory of the field
18 the deduction that particles of integral epin described by erdinary
tensors must conform to Bose-Einetein statistica particles ofthalf

spin, described by spwrl of edd rank, must satisfy Fermi~Dirac's

statistics E"i, _27.

00039R0001000
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, who well-known uifference hetween the canes where the vave function
f nj isa soalar and a pssudoscalar appears if equstion (2) be replaced
by a system of squatiens of the ;n'st order, Tor a scalar we shall have:

¢4

where, hereafter, 1 z 1,2,3,4; surmation takes place, according to the

. usual rules of tenmor amalysis, when indices are the sume, .

In the psoudoscalar case

@ %‘? (&)

Systems (5) and (6) sre equivalent to equation (2) for § or

P pane 88 ™Y readily be shown by elimimating from (5) er (6) the ;

correaponding)( 1 | p1m’ The difference between scalar and pseudoscalar
mesons with the same spin, equuling sero, and the same mass (4f the con=-
| stants "‘.in (5) and (6) sre equal, appesrs only on exanining their

interaction with particles of half spin (see g 2)., With respect to inter-

&

‘ action with the élactromapnetic field, both systems (scalar and preudoscalar)
| . are sbedlutely equivulent, Hence, in this paragrarh we shall simply
speak mabout the meson (particle) of zero spin.

A particle of spin 1 must be described by & wave function with
* three i.ndepgndent components, as the projection of the gpin in this
ocuse must take the values O and 7= 1, Next to the ascalar, the simplest
tensor weys function--a feur-dimensional vector-=hae 'four components.
Nevertheless, a particle of spin 1 is described by the vector wave func-
tion ? 4 which satisfies the equation:

T 160 -
/5 180 -

This equation has four solutions, not three, ome of whioh’

CONFIDENTIAL
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c' 0 ’i J
deals with a partinle ﬁ/ﬂ spin o sero. 'I'o\ohn;rm» this
‘ addians '
superfluous solution it is nenessary also t0 eppip=de—T the

equation

by 2% _ o

9"‘ - (8)

Thef system of equations (7) and (8) deseribed a partinle wise- a’&
(M),
In meny aases, instesd of ejuations (7) and (8) 1¢ 1is

& opin @ 1 and & mass determined

sonvenient to uu%quﬂvnlont system of the first ordert

é’sg) Qﬁ, 9¢, - .
% T J ik
“./.3' - — ‘C’LC#'
p Y ) ! :
A partinle (‘&o spin £ 1 mey elso be .describca by afpseundo-

”
veator, not a vector, wave funetion ory 1s equivalent--,

(9

by the wave funetlon P i1 where &1 K= ‘Pki.l - ‘%k' In
this ease, instead of (9), w= AGals fane

BOTN, k)
m P %d; | Q (10)
L" 4 é +%— = lc "(()., n

The differense between the veator and pseudovector veri-
ants of the theory is essential only in examining the inter-

palarsw
antion with paru.plw hel? spin (protons, neutrons,
electrons snd neutrinos), Hence injthis section, unless
otherwise lpeniﬁed,*}:wavo funstidn ofia particie with-or 0{
sphn ”1 is conlidorta [ vector wave unction.

Partivles dﬁh’-w lpin # 3 the well-known

equation of Dirast

9
ES | 7& %)V’Hé LF: O (11)

CONF \DENTIAL
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vhero Yk M satrices, Pis namtﬂ'%bhpiner «rﬁ

where, ss vefore, the webeviem rat'o
r instanoe, 32,

spin grester

o be witten. ,
é i

he axtre

fowy aomponents and
Kq,% hola; .'ooln! (for detalls see,
o xnks partinles

varisble spin [3] con s
of these partirles with ¢

A
" The equation for

N(ﬂe A than unity ] end

o‘burntion/

\
/
3 ( ’F ) But (i!uxud; of thel interantion
& ).MMIP #1014 or other poartioles appears %0 ve frought vu‘q the
‘.‘ 108 [F, 13] and nt‘@o studied, Henco ve

vell=known alffioult
shall nnt aoneern ourselves with th}l question here. '
)
spins of O, L endl \

partinles

The interaotion of
a desorived by the veator po-

with an olootrommoul fiel
in equations (2),

tentiel Ay 18 introduned bY

(5), (6), (9), (10) and (11)
/
9
Ak (12)

6819 ? b/ TT'._- _,‘ ___#
oL ld‘(

is the cherge M‘ to the perticle.

stitute (12), espe 1ally

i 4.;“ S

s

to sub

t' vhere ©
: 1y is clesrly possidle

1y identicel; hencs,
in relativistinald

pecauss the variance of and A
1" k

such & substitutbon the equations reme.
14 should Dde noted that in 1ts sppkication to

the substitution

e

after

1y invariant.
of (12) must be

the system of equations,

carried out with precedtio

come conf.radlctory! This might happen,
4 in the system of

n 80 the.b the system may not ve-

for instance, if
equations (7)==48)

(12) were substitute

vyt not in (9).
on with the electromagn

o interaction with othe

etie £1eld vy sub-

Interacti
r fhelds

stituting (12) end 818
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DP82-00039R000100030001.7



Declassified in Part - Sanitized Copy Approved for Release 2012/06/01 : CIA-RDP82-00039R000100030001-7

L | CONFIDENTIY , |

-1l =

L (partinles) are sutomatisally introdused in employing the
the variation principle, on whish we niu:l.:l. not linger (ses,
for example, [§,.207)

r\ﬂ'rnnl:l.eimx toﬁl non=relatimintic sppreximation or
to an equation of the senond order shows that particles ’f
.. Mlpinl 42 % and 1,"'-&]1’;tintormuon PR vith,
the field is dnﬁainod only by the charge (substitution
of (12)),bohavo,uw1f thoy&’ nllo-hd.-(n megnetio moment
equal to Bohr's integral magneton [T0, 13

G—b:g\") Pl/o = fv—ﬂdc | p13)

Thus, under the above ronditions thom of the .
' srnaidanay e spin
magnetio moment to tha_”mw

ems
' .
equals -':-\c-a for pertisles uhdvlpin“ig anz:-;; for par-

- 8 tinles ntd‘; spin o 1.

But spert from "interaction with a eharge" in the case

of spins” 2 andl, vit is also ponibio to introduce inter-
antion wnl-;fh‘ruo" magnetic momontPl. FPor exemple, in the
sase of Dirac's equation }n the presence of such a moment

and/\o\t a charge e ﬁ:@, the equation of motionWehe

for

it |
» D R W o
L (- fone 2 p i)l

(A
where T, :j%-% is the tensof of w

\ﬂxectromngnetic t1ad, S, ﬂ'ﬂﬁo' .

In e non-relativisti approximation the negnetic moment

of a particle deserided by equation (149 equals (see 16)1
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e
¥ = (;+-}%’-) (25)

a2
The introduation of /‘x’d uulon\uzin equation (14) con-

ﬂ[ntng T Kl is ponlbh also in the case of oquutioa (9) for
a spin of 1 the %nmnt in this nase can also be pud
in the form of (15),

Finally, in both glh) and (1%) Lt is possidle to intro-
dune a ternm containing 'kl and derivatives <fff¢ the vave fune-
tiocns, Eara, howsvsr, the well-known complications arise,

Ina non-relativutio spproximmtion all the above equa~

tions are converted. into an equation of the Faull type: 7 \'P
,4

laeg] //,;? /;m[ 7/.\7 e’/\j __;_p7$ }/r, (16)

wh:ere A end ? are tkree-dimensional vector and scalar poten=
' strength
tials; H 48 the -bnbensbbumadeblee magnetic fiold.,g\u‘m s 1s the

spin operator. For particln-ﬁ:ﬁ:r gero spin %= 0, For an
electron; when the constant /.L, in (14) equals zero, the spin
term takes the well-known form po(cﬂ) whare adenctes W
Paull's two-sawkel mattiees and, Yisa function «ﬁ two
components (Pnuli'o equation £ér a particle whh‘ﬁm—o spin
A 1; see, for instance, [14]). e differenne begween par-
ticles w’:pfml o 0, % and 1 appears only in the form of
the last term of (16) eregard.lng this term, wofnbﬂ.oully

S —

obtain) ohr,pningo equation,
The simplest problem in which interaction is taken into
aceoffint is the BT ot o partiole in a given fleldafy

] 82
the Chuiomby field ( ecrm -‘3:!\' is the most interesting., The

et /
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solution of thig type of Prodlenm, based on the use of (16)
}» 3 forms the basig oontent of aon-relativistia Wantun mechanigs,
| The relativistie theory of ¢hne hydrogen atom is based on ulvio\j

~Hhemselution—ot the problem of W elentron motion, k' /
AP Freg io
ieué...,..kh'ﬂsu .

.:‘%1 = O,lﬁl = 0 and .’: -u“ = iz

|8-37'
(fwf' >
feee /127, Thek agreement of e theory with oxperimeag

whish onaurs in this nage 1--4:-“— basio argument fop the ape
Pliration 0f Diraalg equntion,wnh,ll = 0,to the eleatron,

The prodlenm of the MT of a partinle Zero spin f
in a Ooulomdb fieyq 2727 18 1ikewige OLved. In both these |

‘ ( (e cafuncetions
Cases the Proper funat °’7A\f the probiem form a complete

orthogonal system and satisfn the obvious general requirg-
. oér;'on: i
{ ments (they provide for thoﬂﬂni'nnou of énergy, etn), In
&
w | ¢ the sase of partine, = opin 41 yith 71 and # 1

! and also jplrticlud&i. spin g 3 withtr;e 1 (thatﬁl,
j with P2 #=70), on the contrary, the provlem of ﬁ%t
in a Goulomy field has no solution [1-5, 1§Z} in the senge
that the admissipye solutiong do nos fomf.!'ompleto, oyltolrf}‘

t seld
‘ of functionq) - M_H__m-é?:?g solutions corre-
; PR Catral)
. 8ponding to the f£g11 of g particla‘?a-. ({ﬁ"oe s The cawwe,
# : A
@ R ATR .
¢ M ofjfall 18 that for atepin ® 1 when Taé 1 and fof‘
f _S-tmihe case of.gspings 1 when 9/,-.‘; 1 e, the partinle
ty has g magnetic moment B evon in o relativigtio approximation’.’-jk.
e ﬁirac's electron, for which y in (14) equars 28ro, in g -nopa
B : -
s 8 relativistie 8pproximation hag & magnetic moment 5:1; but in
S ¢

& highly relativigtio approximation the electron behaves 1ike
- X
& particle without g magnetie moment /3, 14, 15, 7}7.) :
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The energy of interaction of this moment with a field possessing a oentral
Oeulomb- foree takes the formi

(f ’ '73> ()

In a fi0ld of the typ (17), both in the olensio and the quantun

~ theery, the motion is limited; that is, the £all of the particle takes

place tewards the center (for more detail ses 8 2). The presence of a
poment in a particle leads to diffioulties also in studyin various
radsational processes (1ight scattering, "retardution /:::htion, eto.).
The problem of the difficulties met in the theory will be dq.ac\maed

in more detail in § 3.

Let us now spend a few moments on the results of caleulating the
effective oross sections for various electromagnetic processes, carried
out for particles of various spins and values of '\( (sunmary of the results
borrowed chiefly from Pauli's outline ﬁg7 . (Some cross sections are
compared also in the article by Ressi and Greisen,)

A1l eross sectlons are ealoulated in the firet non-venishing app-
roximation according to the theory of perturbations.

Table 1 gives the effective cross sectione for the scattering of
nesons by a fixed Coulemb force center; Table 2, for the scattering
by sn electron ( A -formation).

The spin is expressed throughout in units of-t;] , and the magnetic
moment in units ofl(g ® %—% .
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Tad
able 1 0'4‘

Py I qu>
MH% of Mu@l by a Ooulomb;‘%ontor

D .and m are the lniunl lnouy and mass of the mesofe p B

r~

Vi /% the angle o; : 9 -l- (the energy ¥ 1..a1udu
B the potential energy); dl}’h m.oond angle; r, = -}
mo

P

1 Magmetic - ‘ )
E | ®pin | Moment Oross Section forq-aﬂfn‘twhm \ n‘“::’n”'
| (Vadus 4 ’ Bibliography
v) | |
!
i 1 ;
4 ‘
' In |
111 ’
.‘" '
. ~ [,w/”
’ T “ v ! f
i
i *

In both tables the cross sections for sesee III and I¥ are of
a higher order relativo to the value 7 -I? than for eeses I and
II, Tor sese V the cross section 1% higher 4& order, Herc we nodice
the provioully-wta-‘ rols of:the magnetic moment shativaly.gffect-

ing the dependence of wise oross-sestion m onergy, amiees—is
J-eppaananes. The oross sections cited for essewIII, IV and V -ufa:—

high energles are shown to be-wrongtfZ2, 237, This 1s ulready

manifest from Table 1 bersuse the preblem of tu motion
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b : s mesdien in a Oculomb fie1d (for cases III, IV and ",

striodly speaking, das.no solusion and, therefore, the results
rturbations o e aasee

. £e
R obtained by the method of

o nmhl research tor their WEE oNtad

Lo of applisation, Oross nauens for seses=1 .na II are entire-
.. 1y possible in every case and there is no good reason to doudt

Co
their juebiws,
” Table 2 (T

' — 4
mutio?lm of MesoWmans ﬂ an Blentron

4 -a-::- the onergy given off by an electron, Terms of

the order of -E- "l' and léif are diacnrdeq (mo 48 the i

v | | mass of an oloctron). 25me2. Tor other notations see Jable !
857 Dwsns
J C.M
Magnetio Oross Section & one W(in Reference
Spin (l;oment y a system of coordinates where the elec- Yo
v, 4. (Valbe-of tron is at rest at the f
f 7 OriGgsn 1) :3'."/"{753’&7
f I

1
111
40
v
v
| Table 3 gives the Aifferentisl md% sections
CONFIDENTIAL
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the soattering ef light by a meson. The values aprearing in the table
for the initial and final energies of a photon are related to the well-
known expression

( m’> k- R°—TL—:;9

It 5 G

The effactive crese sections for "retardation" radiution and the

production of meson pairs from photons are given in Tables 4 and 5,

. In it the nucleus is considered finite and of radius &

(p -l e‘f) R= £ 2457

Tﬁe férmulae in _[227 for ou{ﬂ are shown with the change corresponding
to this hyrothesis.

The cross sections shown in Tables 3, 4, and 5 for cases I and II
occasion no doubts as to the energles being as high as desired. On the
contrary, for cases III and IV (Case V was not studied) oross sections
were obtained with an inadmissible incresse in energies. They were

therefore sorrect only for energies not too high (aeeﬁ! ) 22, 23, E
and 8 3). 'For inotance, in the case of light scattering (Compton
effect) cross=-sections III and IV of Table 3 held good only ir

&9

(18)
We cite the corresponding cross-sections mainly to serve as a
guide and to 111uatrﬁte at a glance the effect of spin and magnetic

moment on various precesses,

SR b T
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Table 3
2 1887 Soattering of Light by Mescns
It is assumed that the scattering meson is at first at reste Ky

! and k are the initial and final energies of a photon, For other nota=

B i 1 s

o tions see Table 1,

/' n

‘B pin gnetis [Cross Section of scattering for [Complete dross section eference to

/ F homent anglefs.‘ . Holds good for all [of scattering previded ibliegraphy
Lo ’ (Value of |energies(except case I11) thntz ,
i i) kg > B0 §

r,
' 11

II1
Zp L4

4

Experimental research on the processes carried out by a cosmie
ray meson mey meke it possible, in prineiple) to determine its epin, Up
to the present the only effect which has been successfully used for

y | .this-pubpose is the formation of greet ionization pulses under con=
. - .

siderable thicknesses of lead and iron. If the ionisation effect is

sssumed to be

Qu:‘g :f "‘v-.ﬁ_,-»/" (90»645




i

<
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determined by the electromagnetis "rotgrution" radiation of mesens

(the formation of .~ -electrons seoms nimportant), cerresponding cal-
oulations can be made and compared mith exporiments /2, 3I7. Hereever,
calculations are found in agreement with experiments if the spin of

the meson is assumed to equal O or 1!- ('Jo". 1l)s It is as yet impeseidle
to distinguish between N and % spins sh:oe"t.ha socuracy of the experi-
ments and the theoretical computations o8, ingufficient and doe'l’a'ot
exceed 1008, It is alsc impossible completely to exclude the possibility
that the spin of a meson equals 1 (or # nith(? Niglt 1), The fact is that
in calouwlations it is necessary to make use of effective cross sections
for "retardation" radiation in the high energy field, where it is not
strictly aprlicadble; furthermors, at a certain energy it is actually
necessary to reduce this cross aection. Under such comditions, the
exclusion of spin value 1 may be coneluaive only if the effective cross
section employed is the smallest possible for this spin and also

if excluding spin 1 leads to the formation of a considerably larggér
nunber of pulses than expsrimentally observed. According to many authors
2,337, this s just What has taken place, But in my opinion [357, the
oross section used Eﬁia not the minimum one, since it 18 based

on the use of the formula for a Compton effect up to an energy of

-}7 ﬁ-\,%_gf which ie contrary te cendition (18), Hence, the above-mentioned
comparison of theory with experiment, preperly indicates only that there

* is no particular basis for the hypothesis of unity meson spin from the

- viewpoint of experiments in cosmic ray studies,

P
i e ittty A
it s eyt

du e 2 f/\i) 'W\,uj(w?)z/ )
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Purthermore, if the spin of a meson is equal after all te unity, then
the ealoulations based on the perturbation theery are inapplicable in
the case of energies less than those goﬁeully asswed E &Z Finally,
it is possible to reach the conclusion that "retardation" radiation and
iy ; other processes dependent on muclear, not electromsgnetie, forees do net
. have a great part teo pluy, since |lr'~ndy the minimum poseible #lectro-
nagnetic "retardation" radiation ef a particle ef mero spin permits

g an explanation of the obeerved lonization effects.
‘ ‘ Table 4 .
! "Retardation" Badiation of Mesons

Initial energy of & meson E ?cz i E is the energy of an emitted |
\ .
photon; Z is the atomic number of the substance; A= 120=-0) ' otaf_:.' .
‘ <

Fme¥: Z v’
‘ &z)

Spin |Magnetie Crosa Section (in the system of coordi- Reference to

| Moment, nated where the nucleus is at rest) Bibliegraphy
. (Value of .

)

II

III

- CONFIDENTIAL
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Table §
Hodwe tion
Lotghn of Melg”m Pairs From Photons

D is the energy of a photon (B>>me2); &8 is the ox)hy of a positive

nno-n: 2 is the atomic number of the substance; Ba L&:%Ql.
(g : 5m022

Spin| Magnetie Cvoss Geation (in e system of Reference
Homent coordinates vhere the nucleus if to

(Value ofy) | _ap rest) Bivliography

1

4

111,

”

Iv

| § 2, Nuclear Forces
@al nucleer forces act between the nuclear particles (prot-
ons and neutrons); in the nueleus these forces not only compen-
sate for the elect: eppllion between protons but/t%‘:rve to ste~
bilige the nucleus, The n—g—maor? of neutboma protons and the

du#uuu. a ‘%ﬁ’lorvable m of protons by protons fromw%

Tu\le expeated ihuthe preesence of only eme Ooulomb interaction sre ex-

q

~plaired by ‘the aetion of nuelear forces, 'I'huo forces have a vua,_
7 o Lo
' short -pmvt of action, Wthoir radius of action i /‘Uvz
of the order of romc 13 om. At short M.utancu (order of ro)

- the ensrgy of i.nteracti.on , rorresponding to the nuclear forces

is very great and[(:luhu MeV, Furthermore, nuelear forces de-

pend on the reeiprocul orientaﬂon of the spiﬁ of nuclear par-

© (OWADENTIAL.
>
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tioles and hn* the property of gaturation, This means that the

energy conneoted with a large number A of nuolear particles incresses

in proportion to 4, Rot to A° s

happens, for instance, in the caeo of

Coulemdb interaction in a system of charges.

For this reason, the voliume

of the nucleus is approximately proportional to A,

in contrast to the atom,

whose dimensions are but slightly dependent upen Z.

The problem of the theory of nuclear forees obviously smounts to

+ expleining the above-manticned qualitative properties of these forces and

to establishing the relation between the various nuclear dimensions
measured nxporinen&v. For quantitative preof of the theory, data may be
used which refer t: protens, neutrons, and deuterons (cslculation of the
heavier nuclei, because of ita extrems complexity, is not interesting

from this standpoint), The following points are known by experiment:

the energy associated with a deustron equsls 2,18 meV ﬁg } the quadripole
noment of the deuteron Q .-.--&‘ 2.7 ¢ 10"27 on? (see, for examrle 517)3

the constants characterising proton-neu‘b;‘on and proton-proton pcatterings
(seo Eé, ﬁ). Teken in a btroader son%e, the theory of nuclear forces
also includes problems referring to separate protons and neutrons and
their interaction with other particles. In this experimental field,

values are known for the megnetic moment of & proten [ZQ] and & neutron

| . .
[L;.Z. respectively equaling '//p s 2.789% and "'/N s =1.93// s Where
A
,!( o ® !_t 4s the nuclear magneton and N is the mass of & proton. (The
/ 2Me

K negative.sign ofva magnetic moment signifies that this moment is in-a
direction contrary te that of the eping that is, to proper mechanical

moment of the meutron.) In addition, we know the

e e ——

N————— Sl ce e

W DENTIAL
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constants of beta-decay in various nuoclei, which permit one on the basis
of certain hypotheses (see, for example, /T/) approeximately to ascertain
the lifetime of a free neutron, whioh must finally be converted inte

& proton plus an electron plus a neutrino, To this set of preblems

. must be referred the interaction of nuclear particles with mesons

(scattering, pair-production) and of mesons with 1light particles (decay 06
mesons) .

Inasmuch as nuclear foroes also act between uncharged neutrons, it
is generally considered cbvious that these forces are absolutely separate
from electromagnetic foreces. Such a viewpoint is not necesssrily true,
8ince it is conceivable that nuclear forces are explained by the specific
rroperties of the motion of rarticles of spin 1 in an electrie field
J:g]. However, the existence of non-electrcmagnetic reactions, evidenced
by the very fact of beta=decay and many other consideraticns, forces us
to think that nuclear forces cannet be reduced to slectromagnetic
forces and that they are explaired by the meson theory, as indicated
in the introduction,

The classic form of the meson theory is especially simple and
graphic, It utilizes the concept of a mon=quantirzed meson field.
Moreover, the detailed clamsic scheme has not only an illustrative, but
a completely real ‘importance, since in a static approximation, where
the state of nuclear particles is assumed to be unchanged, the results
of the classic amd the quantum theories coincide /37, 43/. .The

situation here is the seme as in electrodynamica where the Coulombd
29 LT
interaction - 9%
' r

| e
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'H\u-
“ sxen okbisow f¥om the classic thoory, as is ueually '

dbnls-%?%innoa a8 a Tesult of c:mtnt% Aosehuncu.m

B (W],  The use of I statie interastion is justified when non-
' |M'§ \a !
A

| admll'l\iio k‘n“ the doutﬁon theory (inasmuch as the welonities

statin teaction 1s disregarded,

of thé proton and the ne‘f;.ron in the the doutron are small a8 o e uvbwm
__Socupased with the veloolty of light).n Of sourse, for a more
eomplete and exant study of the problm of nuclear foroes,
it is necessary to utilize the theory’ of a qumb‘- muo.n.
| £4014; dut this refeds to ikm saleoulations of melom Al
W ! .o —
£ scatjarin
: | 2dnlead perticles, ete.
Our intention in vhat follows is merely to explain ik
special momentse of the theorycand Ao _discues. &ruulh. So
we shell only go into m.u on Ahe classical theory mentioned
(quentizing the muoﬁ f1e1d s spplied. to the theory of

nuclear forcen, see 19, 45, uel).

J
In clessi /\@srminology sthe explanation 6f nucleer forces
is connested with the fast that protons and neutrons are

N
the scurces of certain fields (nesc eenie fields), which, ¢

act iy on other nuelear particl;vlw( provide an interaction of
foraces, Is the field is scalar, adn the sbsence of sources it
conforns

< Wo squation (2), The presence of forces meam
that on the right side of the equaﬂqn there must be &
funetion which plays the part of the density of e charge
or current in eloctrodynqmtcg. In this .utter case, for a
point partitle the current density equals eS (r - o)y
wherm{ is the delte-function der = 1) S= 0 vhen

r # r‘,;) and "o {s the position of the chargo.
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Ta the static case which interests us, equation (2) is converted

140

mw""‘?@- 0 and the density of the "meson charge" equals |9(r - o)y
where ro is the position of the nuslear particle, Hence the equation
for the field takes the form:

iRt (19)

Since the position of s nuclear particle s considered fixed, it is
clear that it is considered sufficiently heavy and hence capable of
olassionl description., Lot us note thet in the guantum theory we have

for the general case of a non-static scalar field:

£ 190 (20)

where i must be regarded as an eperator and where hﬁo is a Dirac
matrix. The emergence of i@h is connected with the fact that we
consider nuslear prarticles to be in conformity with Dirac's equation,
(Let us note that on the right side of equation (20) one more term is
omitted which contains derivatives of doih-functiona and is proportional
to s constent factor independent of g.)

The solution of equation (19) is &s follows:

&1y ) (21)

Utilising the expression for the energy of the field, we can
demonstrate @ that two nuclear particles creating a fieldce and
amd, ; y

ahal Uar vola C'l-‘l-). )
situated at a distance r, are nttrnctod‘i'l‘he scaln?'m%ﬁt ) n

approximation is similar to Newton's field of gravitation, to which formal ( *Q\”\\

transition is made by setting )( equal'to zero. Hence it is clear that
alto in the scalar theory of nuclear forces particles are attraet‘a (moe
remark below on the assumption thet a scalsr £1e1d 48 not charged.))sw
bhoi=bhoin-onongnoeusis »

/o 19T .~ \uIVLN”AL (22)

>+ ¥
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The radius of the Porcen, ar in clear trom (22), 48 of the order
1. BSince in tho quaztws theory /X » 2o (see 8 1), we thus obtain
): relation (1) between the radius of the ferces and the mass of the
meson, It should be noted that wo did not draw any distinctions between
protons and neutrons, Thie esn be done enly if the !‘hlch‘:Ll not
churged, and, consequently, the perticles associated with it are not
charged (neutral mesons or peutrettos). This pubject will be taken
up later.

The intersction of (22) does not depend on the reciprooal orientation
of the spins of nuolear particles; this is contrery to the result of
experiment. In order to clarify the problem of nuclear forces' dependence
upon spin, et us examine the intersction of protens and newtrons with
a neutral vecter £ield, Every theory in this instance 1s very closely
allied with conventionsl electrodynemice and becomes electrodynanic
mﬁmmnnnnaxmmnnﬂmxmxsmmmnmmmnm
xgmmmnumﬂmmmmwm theory 1f 7 is assumed
to0 equal 3ero. (The close relation mentioned is associated with the fact
that electrodynamice ig also & theory of a vector field (the,po:hential of
mmmmmmmmmmnnmmnnmw
the field Ay is & four-dimensioral yector)). To pub thie analegy in &
more usual form, 1et us rewrite the equatione for & vector £ield (9) in

another form, introducing the notationt

5. 192/ (23)

Witk this notation (23), equation (9) will take the following forms

£ 152/ (24)

m;an'x = 0, equations (24) will be transformed into the ysunl Maxwell's
equations for & vacuum. This also helds true for equatiens (7) and (8),

vhich, in the new notation, become:

p— CONFIDENTIAL .
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o couﬂofiw
--as-
Let us now assume t¥at nuclear partisleshreate a veator

field, having a "muu‘ oharge" g and o muu‘ (’;

mont? ﬁ. Now, in the general nase of the quantum thoory” P)

the following -q,ua.tionx“url

. (26)

!
whisy s(..- pe; und ;ere walsiews of the Dirae theory and s? A) id
a qQuantum field,
In the statie aate which interests us, (Pmd A are clmtca‘

Sienegnitudes , Moreover:

[Toz/

(27)

In (27) both the fields @ and A and the wegtor of the spin o~
can be treated classiomliy. The s-lutionf of sitatem (27)

is as follows!

L3937
, ¢28)
i g‘
E? In eleoctrodynamins the energy of a partinrle Wirbk—a 05

charge e and a maegnetic moment "'u , situated in the field

i (Q A), equals .ofp— (), The form is the same for the

interantifie energy inthe case of a‘; vebtor huo&xﬁ f1e1d; maprrirven
oy A H

e aorresponds g and Pcorrupond.l-nﬂh *a' ence the

interacti* energy of two identiecal nuclear partia‘es whith v-6

caledooowa
spins cr' and ".-'z. , as 4 folywn‘:.from%n

CURNFIDENTIAL
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72334

(29)

wHere  1s the radlus-ventor of one of theparticles w A-m \ ‘
oua'.ls‘_\
| %o the other, The ihterantion -ﬁmo onor;tn b sdunes

to foraes dependent on thc rocl.proanl orientalon of the lpinn;,

centra
and also to« forvu dopondont on the orientation of

the spins ﬁnm to r.

N\
The veators ;rmd. ia— are muo‘n‘ fquasi-magnetic!

moments of nuelear partirles, and in the guantum theory the

[+ that W,/
¢r veators are operatorss=the well-known Pauli matriru (ﬁa'
aN 4% 4 M,vy\:t&""\
is the proper M&-W . of the parti.nlo).

Considering the Vestors as operators makg: no shange in the

olassickd solution of (29).

Above we examined the interaction of nuclear partinrles

7 vEspaE

with scalar and ventor fields, Two other cases, when the
fieldi”. s pseudosralar and pseudovector tmpe (see B1),
cpn be studled 4m—a limnnr‘:’nmnr nrfa';\\r‘r:aucea to the
enorgy of I.n'uranuon)oxprﬂuci by a linear oombination of .
the terms Uy, Up and U (see fzﬂ) “hue, tle genersl ex-
pression of the muom thooz} for 1nteranﬁ.‘ energy will

take the form!

U= olu + 00, 0404, (30)

/’a /93

where © 1! G and 03 are derivatives,

Untlil now we have condidered the melq nﬁ field as met~

Non.oharged; the diffaren cd such a vestor field fwom the electro-
magnetic field only a.mount} to saying thatr the restie AAOAR rt,
grae o "'7,""' e PR "rigtﬂ
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m ﬁ , -
(] N 3 -
« "quantum /mesoenle m;a a nuwp,h equal to m = é, . 1

sinees the restiag mass of a photon equals sero. We are study-

ing th’ central field wedmenly benguse of its greater simplicity ool
' AW i
deeper considesationsy °f the f1eld 1s charged

i B (in this case, when it is qQuantiszed, bchu‘nd mn@eal eorr‘-
spond wbeh 1t), an expression of type (30) is obtained also

. for the forses, but only in ease of the interastion of pro-

1 tons and neutrons, Bdt for the case of Ldeneielnl nuclear particles
(two protons mid two neutrons) the interaﬁt!.}: energy 1is equal
t0 gero in the approximation under consideration, This re-
sult is nompletely understandsble from the viewpoint of the

‘ quanmm scheme operating on the nonaept pf an exchange of
/" % . me.@u bétween nuolear pa.nl.cl'u, since thu/;-::\'oton is
anix capable of emitting lonl:r a positive melgzn, which
can be absorbed by a neutron but rannot be n‘blorh_sd. Yy other
protons, ete, Henne excljangs by one charged muo@

‘ bebween identical nuclear particles)cannot oce /s ut can

cacur between Aifferent nuclear particles, This explains -

‘ -+
the character of nteracti's onergy already mentioned,
Meanwhile, experimental data furnish evidence that

proton=-pyoton and proton-neutron forces are of the same

TR T T i s A T ———

order of magnitude. /787, Within the framework of the

i
!

scljeme developed here, this fact ecan only be explained by

~ ' .
. sssuming 7);at e neutral mesoiign (neutretto) exists, It w%&y-ﬂluﬂg

ponsible >
to avoidosbs assumption that a neutretto exlsts,
. it

only by theories wikeh operatpon the basis of an exchange

vy pairs of partinles or excited charged states (nee § 3),

Glngonomal, It mut be (adnitted that the @r:gumenu in fawor

(L. ENTIAL
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of the neutretto's existenss barry a good 4 f weight., But

in experiments and, shove u:l.l  In oolnte Tayp; noff definite

of neutrettos, If there is reslly a nwutretto andlit plays
an inporeunt part in nuclear foraes, iks mass mut be of the
order of the mass of a sharged muoa (this follows from (1))
‘ and its. utouct!.on with ‘tg.Mh“ mun be relatively strong,
VYhenae it follovs thm;éh'l atmosphere an . nppuahhlo
number of neutrettos WASt be formed, Just n~ﬁjtho nase -c-twﬁ’.
chhrxod. MGILMIF The reverse process should also be noted ,M 4y
)—-ehe noutre'tto sesmmtasaed by the nucleus,which leads bo
n\mlur fission, These ltatamonu forae us to assume that
the mmlnr figsions ("stars") observed in cosmic rays may
$o0 a considerable extent be produced by neutrettos, Fre-
sent oxporimental data do not contradict this sssumption [5e].
Olarification of the problem of the existence of neutréttos
is highly essentisl; the primary interest from this viewpoint
obviously ‘liu in the itud.z of the "stars' in cosmie rays ,Lh'gj
lxplnlning nualear forses through xchanw/by certhdn
neutral mesomnl ("neutral" thnory) is not satisfactory,
ince in this way the: u 10“ betwun nuslear

forcu and the ‘behavior of c-harged meso n| in P nosmic

rays, as vellj as the with *ﬁfm *
Wﬂ nuclear partiscles and charged malom“ also

makes it possible to show th(mqv to explaln the anomnlonn mag-

netip moments of a proton‘ and s neutron (es we saw sbove, these

moments are not equal to a nuclear magneton for a proton or to

-46%6 26t a neutron, This follows from Dirac's thaow)[ﬁﬂ.)

;;LNHA‘.

23
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Mqavhile, 16 is just this-seasecytvr vhich ie one of the
AN
most nﬂq‘ﬁtn fentures of ﬂthhun‘z of nuolear

Ry © ¥
i variants of

fornes. Tor this reason

(g ] s
a combination ehoon;\ n whioh both cherge aad neutral @eet=

Atrons figure. An 6|pooiu1y popular type of the aombination
theory 1s the so-called fgymmetrinel" theory EB, 9, ﬂ, in

whish the proton=proton and proton-neutron nuclear foroes
' with respes

are exactly squal (in o state of sgmmetry xxzakukiex/to
a Pcharged coordinate" D,
In the general theory whieh takes into ascount both charged

and neutral mescbrons, the statin energy of intersstion takes
the form of (30) and the constante 0y, Op) O3 likewise depend

! 4
on the "charged ltafoo'/'.bf the proton or the "state of the neutron,

The "exchange® charanter of W nuclear forces, wisbmiests con-

i{noeted with continuous charge exchange between nuclear par-

tisles (from which the term Nexchange"foree comes) ,a‘l.-o pro=-

)

vides for the saturation of i@ nurlear forces (see above an

in more detail, in an.
;Eo ﬁ{nﬁb
problems of nunlear physics in a non-re-
1ativistic spproximation amounts to integrn‘b!na Sch?gdingor'n

equations for protons end neutrons with potentiel enerzy (30).

' Py,I%
*‘!ho basie % here, of eourse, hmeqdeuﬁon

R
and.onumination of e protom-proton and oroton-neutron
%M; But researeh on these probleme meets with a#
:vwd-a in )
lf;'ﬂant diffienlty the very first steges, The fact is

that nuclear energy takes the form .ﬂf’.(l'?); 1% is proportional

to-—-!'- , end in this case Schreadinger's equation has & io-
T :

3(1'014 N’M'J
ad.miuible/\nolutiona corresponding to the f£all of particle;

Quiv WLM\AL .
34
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0 hor{, E we nmight put it thn/{eho potential has o=l
E,,Jho prodlem of Miho whqlc system

of stationary lu:ﬁo hu no solution, To a aertain oxtont

this resuly is olassioal in t;tpo sinne in elullen merhanies

the potentiale -2---<e>o) sleo Eduges to the fall of a par-
tinle on the anenter (see Lﬁ_)). It s uly to reach this eon-
olusion by quantum mechaniaes, A putinlo cannot fall on the}
center if Yts awerage kinetic onorg in appromhinc the center
i.ne:‘utd/moro rapidly then tﬁp average potentiel energy diminilhel.

Moreovar, tha avernse kiratin energy of a partihlo{"inuated in

rcgion/ % ,g,,,.%-p/ 2
b é—i%"ﬂ,r Tom the center equals - E-u@;-t-‘

(Herisenbergs /
|1n3¢/ by virtue o\hﬂﬂ, eA % s ﬂ“‘ %3 ﬁ‘p

Whenoce it is elear that, 4f the-xuwrago potentifl energy ad FW&L
m’e’ diminishes more slowly than ZM‘h' fall is im-

possidle; but if UN - 1&{ (e> 0),,\1 lower level will

not exist, sinse, whenf the rogion kaxxxasax in which the

particle is situated grows lmall)es, its energy converges FTownd Mam

) !
m. or oourse, this also w:ogr the problem

Aan
of two 'botuu/(" 8 ve know, with relative eoordinatu)m
( .
pusbdenm amounts to the whe problem of the motion of one par-
e L

-
" -

tirle in - ! o8,
Th‘ul; if in (30) O3 o O, the prodlem of the d.ug“‘ion L“L""
~ihoolnby, It is aliso impossible to assune that 03 =0 withouft
fore’ adoj-since in all variuqta of the theory with one type of oG,
M the constant C3 is proportional to Cp 155_7. ?I'enco yin,
nsn@ing that C3 = 0, we leave in (30) only the tern 01Uy, which
£ does not allow spin dependence of tim force‘l,\ this 18 erontrery

to c:portment.. Te. assume that 03 = % while nimultaneouply

1
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zetaining O, #0 v possible only on the hypothesis that

bhoro are at leabt two types ofm Suoh a variant

of tho theory, in which both ventor and pseudoscalar mesedrens ridone
#‘ introduced, anhieved a certain amount of ciroulu.tion ﬁ},

5/ . In it the ﬁlmnrtenl" theory was employed 'vmd,-

ZXR as & result of it 11]) four types of uutuu were intro-

duned! neutral(vector snd pseudoscalmr) and charged (vector
and pssudosaalar). The masses of veator and pseudoscalar

partinles may differ [51]. Aside from the fast that the intro-

MaAL e d b

duantion of various types ofin:znnn nauses a feeling of dis-
eads
uthfuntion, the theory, nEx to difficulties 'Mch mako

its suncess o:e]._%“ the term with UAJ- -3 morely an illusion,
Tirst adomkX, the - -3 typo?;orm is ollmlnatcd. only n a ;:::i:
approach Mavpe&'ﬁ with corruponding oompncnuonl EREK AN~
nomtnﬁqujﬂ Secondly, the thepry leads to a cer-
tain result dy diroctlaoontruliet%/to experiment; nemely, &N
1t follows from the theory 153, SJAthc m of neutrons
on protons must be ntronger‘;t';%: angle -/ - than at an angle
elose to zero (in the coordinate system, where the proton is
at first at rest). But in oxro_;ﬁj_‘.mentingkdth neutrons with
onerg‘iu higher than 10 MaV when the effect of asfmatry be-
FO!M@I mu‘kod., a revern:v::pondence 1- sbeerved 1_55_7

Third end laltly,,ti'rjthe indtcatod method of ekiminating
the term with 1/:'3 anwered tha_}gurpou of the theory of nuoleaz
forces, it would not pormi /Cfiminath.- the othg, noﬁ/leu
1mportant dirﬁcn’ by connoeted. with the fbret one. T\'_Ab tr¥ih i

shat. ltb.d.y of the m ofmﬂzo proton—neutrou
leads us to the aonclusion that, if there is in-ireawy-particier

CORFIDENTIAL
36
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& "quasimagnetic" moment f/x (see above) in a heavy partiole, the effective
| croas section for scattering would grow with energy without 1imit A
[Z%, 55/, which is imdnissible, (Mere accurately, unlimited grewth of
oress sectien with energy contradicts the genexsl positien of the theory
only under certain additicnal conditione 23], which, hovwever, sre
_satisfied in the cases of interest to us,)
This very real difficulty, which we shall comnider further under |

ﬂ 3, is not eliminated by introducing two types of mesons, because either
type of meson may be soattered independently of the other; and because
S ) ij Qihnugh Crm 0), this scattering will imoresse without limit with

energy. Hence, the "oombimtionw{metrienl" theory of mo
Rosenfeld /77, Schwinger/51/ and others is uneatisfactory for a number
of reasons.

Anotter group of variants of the theory of nuclear forces was based
on "outting" an inadmissible potential of type 1/:»’. This means that
the expression for the potential Us&™ > =1/r3 is considered true only up
to some scattering of roe Vhen r«&ro, this potential is nout"; that
is, it ie replaced by some other potentiel which does not contain an

ingdmissible feature, for example, by the potentlal U= 2 conet, (
‘ y when r,sro). The "oubbing" operation hus a formal character; it is non-

relativistic and can be justified only becuuse & complete and exact

theory leads autometically to some change, or cutting in the potential

(or even a deeper chsnge in the entire ordinary system o‘ the intro-
duction of nuclear forces) (see ﬁﬂmﬂ § 3). Connected with "cutiing"

48 the introduction

|
|

il
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| of a new constant r, OT, more acourstely, a mew functien @Q'i)when

r < Tge At first glance it might seen that with an arbitrary choice

of U(r) any reeulte might be obtained, Hewever, thia is not true, since
the value of r, should not exceed the radius of nuclear forces _t_

and the form of the function U(r) on any roasonable hypotheses hu no
‘Yory great effect on the results /777, After the foutting" and come
.parison of the caloulations with experimental dats, it is possible te
czcltﬁqd%rtuin theoretical possibilities. Thus the "symmetrical®
theory with certain vector (charged and neutrsl) mesons 5’_77 proven

unsatisfactory, since to obtain cerrectly the level of a deuteren and

the cross mection for neutron-proton scattering it is neceseary te

assume that » 2"_&_ and that the rrinocipal sign of the quadripole

moment of a deutoron proves incorrect, but ite value is approximately

” l 10 times greater than the value cbeerved, (The quadripole moment of a
deuteron has a positive sign ZZQ7, which corresponds to the elongated ‘
cigar-shaped form of the deuteron,) On the contrary, the "neutrsl®
vector theory is in geod sgreement with data on deuteronnﬁ‘l]. However,
@8 already indicated, utiliszation of some neutral mesons is unsatisfactory.

‘ Besides, 1t is obviously entirely possible in thie scheme to introduce

‘ 6 additicnal and relatively weak proton-neutron intéraction with a charged

meson., 4 similar varlsnt of the "umeymmetrical" theRoy (vector neutrettos

plus oharged mesons), although known to us, was not verified, 4 sinilar,

but in some respects simpler and mors attractive variant of the "un-

symmetrical® theory

m—

01LJ( AP MF P& CQ/U'
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was raoontlyﬁf studied by Hulthén 5_7 , though not very thorocugh-
ly. In this sohems the neutral nno% 1 ua!.cy‘nd the com=
pu'nuvoly weakly interastive, ahu-ccd. auobn chosen &a‘sbnudo-
snalar, The typs 1/r3 term is present for the pasudoscalar YWLEL
' feutting" il i’iaoum. |

trled" ehoory,f,. ncutron-proton and

AN proton=proton fornes E -mo are absolutely equal, M

in the "unsymmetrical® theory this oq\unty is only approximate
in charaster) m does nod run eontrarg to o:porimni )

! E, 38, )o Desides, in the "s mmetrionl“ theory with one
\ %
T ‘ r.ypo of aharged melghom diffioulties arise in comparing

‘ beta
| the data on n in the nuecleus and tiedie-

meran-de(
Mn cosmic rays 51,5}7.

thi 'unsymmetrical® theory these difficulties dissppear. [3‘_‘7 .

r Furthermore, the above-mentioned conelusion that the

' : , ~tho

m of neutrons &protonu mst firet be weaker bleel ;
. ’

. W ' ‘
; /a-.t-a lnrgex:f‘:nglo is very generel and/\obviouul Snhagayt \rne

any theory in which the msin part of t}e nuclear fornes are

of an "exrhange" ty‘po; dapundont on the “oxohango“ of charged
ness3mdns) ,/_)_ﬂ. The fact h\fhat in a'n%hango of interaction
the proton and neutron are ehange» nYplaces in the ant of
"am; More asrurately, beceuse of the exchange in the
charge,  { the partirle, formerly a proton, turns into a neutron

Lol sioms

and vice versa., During a small deflection of the
partisle 1.%’ generally mm probn'blg and so m

. y; | obourslBostsfreqtently at-smalliangles; the KERLAqpertiole

a_,_jh case of a quickly falling partisle generally flies off
10° sl
57 pgle_%to the latter. But in exchanges the %mnl
and

particles in the specified sense aro changed herc

T T R B

b and there. This explains the prevalence of neutron Jéf 90 °.

% It is essentialilf in this case that a protonf b~

PR S S T
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served, after first deing at rest, transmitting its charge
to the falling neutron, This goneral reasoning as vell as

ul.nulacionl @ show that , 4f the cnoﬂfmnu onm
are eo:;raat, the bal:lelu:oueun hv-vnolaoﬂmnc"ueh,unn" type.
The simplest theory of nuolesr ft;rcu without e:ghnncu is
based ofu the introdustion of the neutrettd vhlnhrfn 1tsel?

F tollom extent an argument iu favor of its own intro-
duation and of invéstigation of the "un'lymotrieal" theory.

One of the Yasie problems eontrogting the "neutrsl! and alse
the'unsymmetrinal! theorics consists in explaialng the s‘sturs-
tion of nualear foroes., It is very aifficult to explain
saturation in thess cases 5]_7 and/ in the majobity of cases,
elpoghny those clted by Enltho’n f;\‘J, uturatior; does not
teke placef. A Reuonen, fit prosenﬁ‘,ﬁﬁ independently of

the prodlem of saturation, it is s?ﬁ.u impossible to tell
vhether the ”ﬁwmatrleal" theory with "eutting" will explain
all existing data, As we have seen, in splte of the intro-
duntion of "eutting", it is not ;aw to satisfy all these

data., v Ibasveryedifficulty imparts a certein interest to

such efforts,

14 is also necessary to bear in mind that ix theories
whish inelude "eutting" are still faced by the diffiemlty
conn;cte& vith the unlimited growth of 'ﬁoc:i’emon for the
mel@n %w)which appu'o‘ntl% of itself renders these
theories unsatisfactory. But herle the same qﬁn@t may be ad-

vanced as in the case of "cuttingt:e}}e 1/r3 potential and M ok
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section, Sush a lwfﬁoint mey be considered admissidle
1f axm "outting" crisfeentions is nccuiuv for wave lengths
less than the radius of "autting" for a poﬁ.on'uuﬁ,
r@:/;/m; that is, for I!Ol@l energies & -;V} ne?,

This does not take place in ﬁho ‘sharged" and "sym-
metriasl theories and the eross sention appears to e
Larger than that observed when Bame? [35, 5€7. 1In Hul-
then's "ﬂ;ymotrg'rl" theory, in view of the conp-ucivo
weaknese of the interantion with sharged particlos he
A4ffinulty under consideration o‘bvioullyw M7
(in Ellj) f?M: 250,01, but in the 'symmetricsl" theory, for
instanne, :e/fn 20.1), In addition, of course, even the
rontproonly soordinated eutting of oxpru.ionn for the
potentiul and m is & very slight sucsess and
for the most part, only shifts the problem's center of
gravity to the field of the "cutting" operations, With in
the general amf'vork of tho theory of nuclear forces, pre-
ting possidility /537,
'bh‘o":ffmvuf;c
and in it as in /B3]

e’

a neutral meso¥sen is considered lcala.rﬁ a charge 3 seudo-

nralu'. "The euential difference is that the interastion of

viously discussed, there is another te

based on the study of non-static forcesy

effents, This theory is f!ﬁiaymmotrical"

e pleud.ogealu' muw “’-"nd‘é proton-neutron is so W
that Lt 18 abeent ia the "Wrelativistic spprozimation. . 8tnce
M 03 in (30) equals O”,g:ho 47 /e a1ffioul ty dilappuru)

In the relativistic approximation, however, the charged
mes@n ronditions an: interaction which eppears to be very

important. In its qualitstive aspect Temn's fheory [587 sgrees

. weiTIAL
G
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with the basin experimental dnta, It is also the only

scheme of the type under disoussion iwhidh has no serious
internal diffiaultien, such as "n\wunl' bho potential and Cresay
. sentlon,, It must not be forgotten shnyqﬂmm:r and

ascuracy of the data now at hand on a system of two nurlear
par'ttnlu are such that any theory of n\:.elnrbtorau faces

a saerious qumtimﬂn test, Tor this reason, until quanti=
tabive aaloulations have been nado/m—hn-m

domey 2 more detailed condideration of Tam's theory ";ﬁ"é"

be premature, .

Deside the theoriss already examined, based cn w
poutiteons in regard to oxohmgoﬁono mu@ u&:..r{
integral spin, anﬂ effort has been mud.e to aonstruét "plir"
th-oriu. In them a proton and neutron are exchanged them Mt—lu—
gu-::‘:: by a vair of partirles of different signs wibh—e o{
spin A¥ } and 4 mass of the order of 200 m, [Fo, 61, fimn
Sheh theories, also involving aifficulties, woul;, in our

opinio;/ only)become 1nterent1£ﬁlf the meloﬁ spin in
cosminr Bays oquala 4. At present it is more probable e
that the mno”n spin is an 1nteger and that t’

an electron and neutron fly off. A definitbve, experimental
clarifhcation of th‘ue problem ie extremely important,

There sre also "peir" theories working on the
exrhange ﬂ'n pair of particles integrel spin (see,
for ‘examplu , 182/ '), Chers have bagnrnouintezesbing. ve-
sults along these lbnes.

§ 3, Diffioulties of the Theory

Ad we savw in 88 1 ana z, the theory of the mu@ and

CunriveiNih e
e
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Aalga

akg nuolear foraes ensounters groat diffisulties on the appear-
anne of a 1/ri-type potential and the unlimited growth of the Lot
sention Zor m of light -@' [ uolo@ and for

A of neno@g! a proton=-neutron. Provisional-
1y we shall call all these dificulties the "diffioulties of
the unof'@’ theory" or ndi2fieulties of the second w.
Such Aifficulties do not eFf rianDiraa's theory of ‘tho elentron
or ‘thco'ry of a partinle gero spin and a sralar wave

: ' pantum/

funotion, The relativisticf¥heory afuthe:etesston afdiof alls
other particles also runs into Qundamentatedifiiculties which
we shall call ihs ngiffieulties of the tirli(’gﬁil‘ Theas ars
sonnected with the 1n£1ntﬁ natural energy of elementary par-
tirles in the c(presendl quantup theory of any fleld, "Dif-
ficulties of the first ‘{g"p’.c",;i the t;neh:o!‘ s theory of ele-
mentary pu'nnu;‘.‘nriotly speaking, make a desoription of
the motion of the elentron and other particles impossible at
the present Mn;e. This is not the place fox;k/:::tanod eon=
liderat;on of these du‘ﬁculﬂu)ihiehjw be found by re-
ference wmm@', 10, 29, 63, 64 and sﬂu the bidlic-
graphy. 1t is, however, very importent to stress the fart
that "aiffieculties of the first %‘“ do not make the theory
valueless, In fact, the problem olﬁ%ectron in a Ooul-

lomb field a solution wivkaiwshs in agreement with experiment;

e aabcudod

ok ("ot effective rross sections
for various radl Tocesses with the participation of the
electron, shgsimbisol developed froma%ﬁia&fgheiiry GL-diehurie

.ﬁ rled to ru&h wh!.bch ruhy agreed with experiments,

O
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With d:.f!‘iuultioa of the seacond 'elua, on the other hand, {end-

‘M&M the very first non-sere approxi=

mation of the perturbaticn theory leads to incorrect results (unlimited

{ grovth of the croes saction), Moreover, either there is no golution for
tho problem of the motion of particles inma Coulemb £ield (8 1) or w e

, "unpRemissible” 1/¢3otypo potential makes its appearance.
Analysis shows that the sprecrance of "difficulties of the second
" class" is connected with the presence of a magnetic ("quasimagnetic")

moment in a particle or with the fact that scattered particles are

charged/B67. Ve saw in § 1 that the oross section for light poatiering |
% by:;urtiule of spin % increases without limit if this particle has a '
ntrus" magnetic moment, u == O (see (14)). The increase in the cress
section for light neatterixﬂ by a purticle of spin 1 is also connected
with the presence in it of a magnetic moment in a relativistic approxi-

*!{',l

mation /I%, 73/. Turthermore, the increuse in cross section for meson

e

scattering by s proton-neutron tekes place if the heavy particle has &
nquasinagnetic" moment, described by a term exactly like the term with
My in (14). The fall of particles of spins 1 and 4 and }/lﬂil
toward a Coulomb center ls also rroduced by the presence of a "true" i ";;.;
magnetic moment, by virtue of which the éffective rotential appesars to ‘
1 have the form -%3. (Ve spesk of a "true" maghetic moment as distinguished i
from the magnetic moment of a Dirac electron, which does not appear in
sn extremely relativistic approximation). Finally, the appearance of
this potential, -%3, in the theory of nuclesr forces is




. other. The "unpermiseible" potentisl Uz in (29) le

Lo
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connected with the "quasimagnetic" moment. This is already obvious from

the fact that the emergy of interaction of two magnetie moments Ma
and U, in ragnetostatios equals:

& 29};)’ (31)

where r is the radius-vector of one ef the particies relative to the
it

(31) 4f it be assumed f,hat,r)( = 0; that is, m = 0, which exactly corres-
ponds to conversion to electrodynamics. .

"Difficulties of the second clasa", te which reference hao already
been made, also arise during the scattering of charged mesons, of the
vector type for imstance, not by the moment, but by the "quasielectric"
charge of a heavy particle. Inthis event tﬁe unlimited incresse in
crose sections is caused by a decrease in the mumber of intermediate
states during scattering, The latter is connected with the fact that
& proton can only give off a positive meson, while the neutron can eject
only a negative meson /B8, 69, 97,

At leapt the main “diffioultiea of the second class", connected
with the presence of a magnetic (or nquasimagnetic") moment, are easily
seen to be of & classical nature /88; 14, 67, 3/. Let ue trest this
problem in more deteil beginning with the scattering of light by &
magnetic moment,

As we know, the classic non-relativistic equation of motion for

moment 1a:

@... 2@ (32)

4
vhere 8 is the angular momentum of particle and
N

CUisrivENTIAL

& b',
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/./ { i1 its magnetic moment which is ususlly oonsidered equal te 835,

where 8 is a constant,

- ; After exsmining the seattering of light and agsuming that the
et
o~

magnetic field X eqml we sholl find [2/ that the effactive

L oress section for this rrocess equals:
5 2% (33)

‘that is to say, it imcreases without 1imit with the sunmwenmid. frequencyd.o

”
P

y 7y exactly asé in quantum calculations by the methed of the per=

i
turbation theery. The source of uuc’h & situstion is resdily under-
‘ stood. 1If the field H in (32) is assumed to ecual the outer field of a
falling wave, then the claseicsl calculation, mentioned ahove, entirely
! corresponds with the quantum mechanical caleulation in the first non-
§ gero approximation of the perturbation theory. Meanwhile, in the sense
‘f of (32), the field H must dencte the whole field, equal to the sum of
the field outside and the proper fleld of the magnetic moment, Cal-
culstion of the proper field shows [2-’37 that, if H in (32) denotes the
outer field Hyut» 1% is necessary to write this same equation in the

form:

§ s SH out | — 2ie S
» §SHaut] (34)

& 2

i where ro 18 the effective radlus of a particle of moment » 8 (by the
clapsionl electronie theory, it s imposeible to exemine a point par=-
¢ ticle, since for point fnrticlea the second term on the right side of
formula (34) becomes infinite just as 14 does with regard to the electro-

magnetic mase of a point charge) .
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. k.
“Hhy el

! The final term in (34), an snalo or-.-m-tnl foree
i of radial fristion, d4isturbs the wemeshiabbem of the equation

and we shall not examine it. Dquation (34) even without the
e - small
final term involves a sention whle_};x o

the form of (33) but is nonstant frequenaiest

|
t
]

requencies, takes

Moreover, 1% for the sake of sgreement, it be assumed that
[} e

!-'3*.', £5 ~_ and r = Bg, the condition requiring smallness tf—
mcp o mﬁ‘x

frequences means that

("”‘7 v <& (36)

W adhoring o "
Sive ec_uenofw muat be eonlidered 1erge ){nn the tnverse ”W‘ﬁ**“’%

r l )-nrhril (#y>me?)., In this way the proper field of a
magnetin moment is caleuleted wcording to the classical
theory for 9_1‘gm,1nat.1n¢ "di!ﬁoulty of the second W9
conneoted with : of light w that moment,

The energy of 1j\terantion of two magnetic moments takes
the form of (31%0 1/r3 type. It is clear from 8 9 that
. in the olassical theory the motion of a pair of magnetic
moments will be limited; their fall, one on another, will

oreur only 4f no neréy zémadl is caloulated except the

potential energy and the ‘(‘r‘tﬁu“)‘.'nd energy of orbitel motion.
When the action of the proper field is dilregardad. there 1.-1

no other energy dependent on r, But a calculation of the proper

e sy P BT TSI I R

fleld by utilising equatton (34) without the finel term Leads
th b 1ncrean, propqrtionll to the approach of the moments and

their continually acrelerating precessiins ‘;, ih"the enargy aon=-

CONFIDENTIAL
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) (Omlvw %3,

ot socted with this precession in the form O

Fay et ohe, - (37

i
PR < Tt is not difficult % demonntrate that whea!'-qpp-&r T

'F‘ ) ’ then T, increasen as and that, ih: thb-sems ey the genersl reasoning

in § 2, indloating the inevitability of a fall when U~ = dy is invalidated.
D W& (rae

(If the magnetio nements are parsllel to each other and to tho 1ine ™" to ) f""‘

precession of the monenta "g‘r\ﬂﬁ

joining them, then Uve), -§< before; but the
is lacking and £all muet take place, But the existence of such an

excejptional gituation has ne epeciel impertance, since in the classical

S el
-

“ theory, for example, even for the central Coulomb field, a fall of the
charge takes place upon the center if the orbital angular momentum of

this oharge equale gero.)
2
If 1t be Ta\med that T 47 &g 8 &= Fand e then| 0 § &7 g

o -n«iZCUfT“"
5 Ve B (39)

14 is clear from what hae been said that in the oase of a nagnetic

0 for e

(and "qunemgnetic") moment "difficulties of the gecond class" are of

a classicsl mture and are connected with the failure to account for

"t
4 preper field.

Now, however, the question arises why failure to account for the

proper field gives rise td aifficulties of the second clase

( pebopt o)

R

T ]
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ed
in the csse of )P tinlo mbbimamoitonge: (but without a moment).
To snswer this question it is suffieient to renerber the very

v b

well=known situation \Aw“ma- acsount of the proper field in the
classical eleatrenia theory., In the equation of motion n‘f= D ]
the*Cheld B must dencte eho m of outside lo\“ and the proper
o L riold.;vhoroupon( )Nlm he proper field leads to the equadion

-,'." 1 r " I
A BF = eE,p=mer ¥ (39)

2
where the electromagnetic fhas ﬂolﬁ;’—a (z, deing the radius

of the particle). ‘“nle-.:.'tar,’m- of the oreper f4s1d, apert from
the df?ipacion term --3 ‘F leads to the nppuranno of an electro-
i magnetie mau(ﬁ" tern m, E) of the same form as the previously

assumed term of 1nort1; m'’r . Moreover, 1f it be assumed that

o & m in (39) &s the mass of a particle, fully measured by experi-
' \ ment, it le not\only gnneco]_'gn;ry to allow for the elentoomag—
\ %oﬂe mass, -l,\hu inedmisaidle. The differenne in the
\ case of the magnotin moment monsists in the faﬂt that here the
connervat!a term, whish masounts for the influenne of the
proper field y%s proportional to [_' sj,'ﬁﬁ#‘. feﬁn entirely

distiné¥ from the mertia‘ torn & (for dataib/au BT.)

v ]
An anslogous situation exists both|in, the non-relativhstic

At { | and ymSWe relativistic quantum theoryes. For example, in
'\“\ . \ / Dirac's equation the term with the mass appears at the
ﬁ; U ‘)( ~emmm sterting point (the term % W in (14)) Therafore, the

&L
\ / use of the% thesry, equivaleny to nﬂ-% W¢

/ ‘ the field , leads to correct results., On the other hand,
~en
thé whetusbewes- theory leads to the appearance of "diffie

culties of the second class" in cases wher_ejin the original

CONFIDERTIAL
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i ' e

1 cqun!.onn( in the sero nppro:tnution) the conur‘v@ part
proXimacisy o Fve

of the ﬂclepropor,s.l not ’w.

1¢ we do not wish to calchlate the the proper field of
Pt ’ she nagnetic moment, {nstead of the equation
L [_am) S=7[SHout] (40)

. we must use equation

1204) Q= P SHout]— wte (41)

In the son-relutivistic gquentun theory Mh%h possible

to proceed in trectuly the sgme manner vy wns;dsré..‘ﬁ the

vector 5 as an operator. From thlxnunmequntion (40) 1n

2 40l U
both the quantum n.nd classic cases, that the moment -

Imcla (it lpin) § soyld

to the {f the p
” | ¢ e,, ok 20 Cer ant.
t remnin u.nchanged. in or wit out the neld} m

Thus, in (40) and Pauli'l equation (16) corresponding

to i1, the spin mnot‘%md 1t is therefore permissible

b / .
to consider the particle as heving one deﬁntth value of

spin. On the contrary, in (41) the
wotdon of the particle equals K (see (37) an%., being an
1ntqgul of motion, the energy will take the form!

[zos) 7 (42)

o e e R

In this case the moment proper (the spin) is not con~-

served in the field, Thie muns that 1t is imposeible to

be limited to connideration of one value of spin, for in-
dmit

P sl e

nance. wg ﬁ/a. Instead, it is necessary to a

.

that the particle may have other valuee of spin equu.lhng

:5/.2715. 5/273‘. 7/2% and so forth. In co.n of d*h spin

it is necessary to assume that m

b e ) appus are possivle. The greatest proper

0, 1, 3, ete,
corresponds

to the highest spin value. 'l‘hua. taking into'considorntiqn

the proper field, we arrive at an idea mboutcekcited spén

at?,tu of olo‘menbu‘y Xagtgclep.
Oaloulating the of lkght in bccounting fo
| , combmnnt

SRR L

she exoited phates @




"
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the exaited m_mu ontails [_39.62‘7 pu.gt'lnc an end to the AL
M& oross uouron for mn. The problem of
the "1/r® d1£fioulty" in the quantun theory with exoited states
hn not been oorrecny uulnod.' OODIN-OIH.OIH based on
cornlpondnnco with tho eluulo(thoory (see above) compels
* us to believe that introducing Olqitldﬁ%i—%{l does away with
) ﬁxh dtﬂicult}.'. '

mumc r'w
As & has been found 1_69 68/, unlimited growtir=ef—tie

oross seotion for thom of vootorehlrgod muom,m
in a "Quui-)/ﬂect-rir,:e" can ba ofimt neted ﬁ’é’%ﬁj
cha.rged states of protona and nouwom--nuuming that the
sharge of these pnrticlea oan ¥ also ve tqul.l to -++2e¢, +30...
lﬂ% -e, = 3e... otc., The proper mmmrgyxpf proton--neutron
energy in 4@ states with o charge not oqnalling‘+o or 0

1l explained better thnn 1n these normal statea + better
evez than the uhimpartance of new ltate? er nary
cond.itiono.

The introduction of excited.chhrgod states may be con-
sidered the result of calculuting the reaction of the proper
charged field of a heavy particle W%’ﬁeovar.
this introduction may be substantiated ‘not only by the
procedure mentiox? above ,/_ﬂ, bﬁt also &x by the results
of.dataihd quantum oxnminntion of the proper field of the
particles, Suchmx an examination is only possible, however. (o, 798
m extreme usumption uh‘:;ithe Er)xergy of i~
interactiqn of particlles with the fiolld} namefky.,\th ,u;;;.!
energy must , in the usual sense) be g’é‘i&” so that, for ex~

a.mplo. in case of "quui-%’we" 1nteracti }} the dl mbm,(»ﬁ
}‘v- g2/ 505\1 would be satisfied, where g is the par-

CONFIDEi Lo
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. nt Bl

tiole's "qun@{loctrto" charge (L2 6% & ¥ vhere *lﬁﬂl

simple sLeatimm oharee (o‘/ﬁo = 1187 3

(A
Wﬁmnomd for elsctrodynanics is, 0f course, not
lo-odloa theory of

fulfilled). mnar theory, the

fforce connection” has recently been worked out tn am.n

(, . [89-"3, 7-88_].

\ To a coneider of exoited charged

able extent the presence

states obliterates the 4ifference vetween proton and neutronm,

s can eject & positive

the neuiron changes into a state bt 4
[}
|

in csloulating

' since, for exanple, both ehese particle

nelu}wt therenmnj
charge -o which 18 excited. '

ety :
exeited states, asxtsmasy it i.l/\pouiblow

closeness of proton—-proton and pro-

\l‘ Ooniequantly.

:

E

1 to oxplnin tho

H el 5 e
E %\\-ﬂ-

ton—nautronw n ullo the
angles 1_59_[_ without introduci

B

ng noutul aese— T >

trons at small

as mentioned earlier, the ai2-

\ )u:aao» At the same tiume,
m disappear. The prob-

ficulties connected with

\ lem of the "L/r" aifficulty’ still remains but ve believe

Sk
] there ispnope of clarifying it.

, .
‘ The present touchstone for theories containing ideas

‘ on nxcﬂod Mu proton-neutron states is 8%

l
' Romalere, 04 .
the problem of the very existence

A corruponﬁinc excitation enatgy must be

.of the order of 10-"»0 MQV and Yhis is nou in & fiold within
-

lpocinl expertmenti in

of these states.

/ .
our reach. But there have bean no

n and the problem remains an open field for

1ble experiments uo@'? Bj

the ubove-mentioned method

\
this directio

expersment (xmxx for poss

1t must not de forgotten that

iy dafficulties of the second class" Dy intro-

of eliminating

CONFIDENTIAL
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duoing exoited nutu?n *Y a8 the theory of the ! gonnec=
; tion of forces" longlﬂ; to the same Tasult have a non-re-
| Lativistiy character] (s Tegerdtc deavpeparticles). This
1s co;:neoud with the fact that a particle radine
Ty i coneidered e (ang for example, (410,
% Wheny ro\-’p ."f\aveu-nt expressions are obtained , which is
explained by the appearance here of 4je fﬁnmonul "dif-

¢« ficulties of the first class". A theory vhich is relativistic

in its very dasis can Pave only & 1imited, mainly heuristic
' S gy
va.luu\dwn( ukeﬁ;;.:\' of the "successful" theory of nuolear

forces with "cutting" (see § 3). The modern thuory of nucls-
ar -forcu must be relativistioc or, rather, it must permit of

relativistic formulation (with subsequent transfer tc a non-
/4 | !
r i : -relativistic approximation to_solve the non~realaivistic

1 Onl can /¢ A fimmin
! problem). [En this cose[SXiF 2xx be almost

complatoly eliminated,as well as Iree will in the choice

of expressions for tbu. energy of Ve internction of Heavy
: of the whole
particles with the fleld; H-.“ﬂ roliabddity) snxuxixixs struc-

ture be assured.

'rho‘o:v‘ciltqne‘o__o:,,"!d,s,gglcu],tiu of the first class" does

not permit to consider the proper field of ele-

mentary particles at present. The pessibilities of the the-

ory are now limited toc condidering radigtion processes in

acoordance with the mwthods of tho{) theory and

/ . : to sodving mechanioarl e without taking raediation
‘ Winternal
properties of particles such#

into mccount. The

for exauple, ¢ their mass, are calculated in equations of

motion by introducing arbitrary constnntl}&x a thooroticull /w/(at-;\ R

TOMTDENTIAL

3

"B A . !
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tiwles, the only conceivadble procedure for a relativietio

approsch to excited states oonu‘gl ;i oon!tmcuu a the-

CONFIBL: i
In view of what has baen said about m—-ﬁ

the fundamental problems of the theory of elementary par=-

)

ory which does not seek %o account in detail for the proper

fi0ld of particles but fiu' in new degrees of freedom and

new constants [_:5. 7g. !‘or instance, in the casa of par-
4icles with a "true" moment, these desrees of freedom and
con_L;ntl will correspond to eoordtna'ﬁu determining tho

location of the moment and to moments of tnertin/[74].

3, %l o},‘{g{k%nd at all.

feel th;t the theory of the memewbwin- wu.-«.rv'\-

To sum up, we

and nuclear d forces has *

W vays of=oiimb-
‘xﬁwﬂumwm' R
coont

WM

lemp beofre us and is evibie

< wwniimg the M!’ﬁoultiu

(September 1948)

these difficulties ny be provisionally groupe A
covdenosmtibh three s-‘i'o'ﬁ-)\

Constructing such & sysiem will sncounter many difficulties

and problems vhlohqt been sufficiently studied

nolvod the basic prob-
whae athoede

d

1. There ie still hope 159/ for the luoceu of the

"unymmotrim" theory not conneoted vith "eutuu
This pouibnity will soon be decid.ed by comparing o

quantitative calculhtions with experimental data.

2. Examinatbon of various theories with "outting"
is conﬂnutng. The main 1n€orolt here would be to find
lomo |ubltnntiation for "cut'cing" the cross section and

potential andme&u-n "eutting" into & conuntent\‘ro-

CONHUK‘.n LA

{0 (§ 2). ,
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1ativistic framevork, In this oonnection efforts are deing
pade %O eliminate, .v:nff#:?ut the "difficulties of the
surst class! [B4, 78], 1In this . - oslculations
sade for radiation processes, l;ting.dnn’bnc [ya. 77] into
lcco\mt. do not seen cox%lunt E] to ue or convineing in

‘ .n cases (see ullo[ Qy ’Phoh' uunun defects are the
¢ fnctunl a.bunco of & con.neouon with the theory of nuole-

ar tofol and .mm of mhoront difficulties.

3. "I‘ho ahove-stated considerations, 11 seems to us,
nake zho % about excited apin and charped states vVery
tmﬁtine. The dev-lopmem of the corressponding non-rela-

1vut1c theory, both in the usual form 13, &% e8] AMBx
and in the "aonnection of foteo" a-pproximation L69-'72.
79-6&7 pust certainly ve based ou & relativistic con~
sldamtion of the problam (see @bove und@. '74)), At

the mpme tina. there is N0 guurantee that the golution
will be found along any one of the three lines enumerated.
Moreover, the consensus of opinion 1s that real success
will be achieved by the meloﬂ and nuclear forces theory
only through fundamental revision and development of the
present uua.ntum theory. 0f cousse, only further work can
shovw which’ vinoinIh correct.

In conclusion it gust be stressed thet themost im-
portant facbérs for the development of any variante of
the theory consist in anplifying $hé experimental d.n;,q
and making them more accurnt; and, 2szutxal ull.wefin—
1n1.$\1y determingng the npi’n of & meaoﬁn in cosmic :m—‘u
. ans and'lclnrifying the exutonn of Q neu'oral meehﬂmn.una

| .
exoitud lpin and charged. states.

—END*
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