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De&r Lacıdau:

I recelved yo\ır letter with sonıc deloy becatuac of lay trip to 
Berkeley, vhere I intend to »tay untll thuö ecd of May, I «hfl.rı, be back 
in 2îurich by June 2nd, and I also intend to preoent at the Conference
in Öenava at the Taestnning of July. as long^ I on here I prefer to 
vrite in Knglloh ilor the technical reason tm'i it is easler to get typed.

From ferelsakoff I hear that 
the atfcençıt of Heisenbers and m  
opinor iöodel and to connect an 
is rather fluctuating and at 
the vhole İdea, while Heisenherg 
you ore on the llst of the 
asenıacs that you obtained 
and cosanents to İt. iîhls 
because of the dark polnt 
version for print a»>acR>n 
vhich I ehall meut

r enthuslastlc about 
isofjroup Into the 

metric vlth İt. own oaood 
am again rather critical about 
. tF*e optimistic partner. As 
preprlnta havc been sent, I 
I shall makc here tseme amenâments 

not been sent for publicatlon yet 
contained. I ahali make the final 

overeome the remaitılng diffIcultles,

1. I stdg^po^^ report on other diecussions which preceded 
thifö partlculor papâK^ûd^hiclı are conneeted vlth Bbisenberg's paper on 
the Lee-model (Kuclear Physlcs ^  532, 1957)» I found that the ctöthod 
of thi© paper be extended to the caac of coBplex roots of ^  fîspjs ^  ,
The "dlpole ghost*' İs a llmitlng caae, vhich, hoverer, la unessontial İn 
the Lee«ıaodel. (The double loot has boeu introduced by lielsenberg İn his 
cariler papers on the spinor model İn order to obtain photons from it.)
Aa conplcüc roots ore never on a real energy shell İt la trlvial that 

-«uıatrlıt on th© latter atays unltary, but it İs rjot trlvial that thi»
^  -matrİK can be o^alned a» a limit from a raacroscopic apace tim© deseription, 
vhich means fv<m  & i(f '- ım tr ix  Jolnlng sfcates at flnlte times , tg), aa İn 
general exponentlal functlons of time will occur vdiich inereose İndeflnitely 
in the limit tjH^ ̂  ̂  f -f^ 6 0 . Here, hovever, tiıe partitlon of
the Htlbert-apace into the tvo cgual halves of the upper and the lover 
cooplex plsne come» İnto play. EVery such half plane contaiu» oniy zero 
States besldcs the ordinary physical etates of poBİtive norm ondreal energy 
elmilar to the Bleuler-Gıpta metric in electrodynamics. One obtains a non- 
physical result only by a ot;perpo8İtlon of a State of the upper half plane 
vlth one in the lover half pla^. Therefore İt is possible to prescrlbe only 
the physical port of the initial otate at and to chooso the non-phyaical
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part in one half-plane in euch a vay, that the final State at tg contains 
only non-physical States in the same holf plane and not in the other.
I have sisovn by a perturbation calculation that in this case the exponentials 
vhich increase vith time do not occur in the transition matrix and that 
the S -matrix can be incorporated into a macroscopic space-time description. 
ÜThis perturbation calculation has been repeatcd independently and also 
somevfhat extended by Kâllei| vith the aame result. For small 8pace~tioe 
reglonS many strange results appear İn such a fonnalism and for the Lee- 
laodel also a violation of the T-invariance.

But in this vay the door seemö to be opened for fuırther develop- 
raentö by searchlng for systems vith an İndeflnlte metric İn Hilbert-space 
vithout single States vith negative norm and reni energy values. This is
also the opinlon of KdUe^, vho favors nov 
kind but is at present opposed to the more s 
I define the latter by the special assuıaption 
derived from a single spinor field. Heis 
fen* one gets vith the latter, but I am 
investigate nodels vith a larger numb̂
In any case, it İs clear to me, that 
İs the last attempt to save a theo^^c 
vhich depond continuously on spacê fijm/t

2* Last autumn I 
İn vhich he sboved the isoıno 
the group correspondlng to b. 
vhich I had formulated in the 
neutrlno (Nuovo Çimento 
appeared meanvhile in 
Turkish rAationality, wi 
come to Berkeley soon. 
Incorporation of the isö'

definite metric of this 
İdea of a spinor-model. 

t ali fields should be 
I are nov trying hov 
t If somebody vants to 
ent field operators. 

definite metric in Hllbert-space 
escription using field operators.

eprint of a paper by F. Gürsey, 
v̂cen the isospin-rotation group and 
rvation lav vith trensfornatlons 
fcrent connection vith the free 
I guess that Gürsey*s paper has 

Çimento. (Gürsey is a younger man of 
İn this country and vho is supposed to 
t the same time Helsenberg vorked on the . 
to his spinor model and had olready changed

his Lagrangian for tMe purpose. The possibility of a synthesis of ali 
these somevhat heterögenous İdeas occurred to Heisenberg and me and the 
result of İt is the preprint vhich you got.

But here already sone criticism of mine starts. Hi.*isenbcrg*s 
Lagrangian, both the old and the nev, İs the sum of tvo tems vhich have 
logically no link wlth each other (of vhich the second tera is multiplied 

arbltrarlness may be veakened by Heisenberg*e ossertion 
that the results don*t change, If the second tem is replaced by a certain 
class of function of İt. But stili, the sigu of the second tem relative 
to the flrst seems to be essentlal; a circumstance vhich I don*t ilke at 
aU.
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^ r c o v e r j more rece n tly  Helsenberg has added the fortnallsm 
w ith the ^  tû the maıauocript, the coxif»e(|uenceş o f  vihich need fu rth er 
in v e stlg a tlo n . Whatever the coıuıection "thi'ough the to ta l  Hİİhert space”
(P« oİ hetveen the tvo cpinors ^  and ^  (and i t s  
and ) nay be, one has in  th is  way loany more p o e s ib i l lt ie a  to
con stn ıct Lagran^ilanG vhlch f û l f i l l  a l i  claiıüs ^of Invariance.

3. The d e c is lv e  key fo r  fu rth er developıaents o f  tlıeories o f  
the kind proposed by Heisenbei'g and mc (may i t  be the spinor model or a 
more general model) l i e s ,  accordlng to  my opinion, in  our section  5 . The 
methods fo r  so lv in g  eigenvalue problems in  th eo ries v ith ou t a p r io r i  glven 
Hiomiltonlan or commutation ru le s  arc only sketched in  th is  se c tio n . The 
S tate  o f  these methods, as they have been developed u n ti l  uow by d iffe re n t 
groupa o f  "expert3" are in  no waŷ  s a t is fa c to r y . The main pıoblem seems to  
me to  study fu rth e r vhat are tlıe m athem aticaj^cjoesibilitlos fo r  the 
commutation r e la t i^ ^ , i f  the Lagrangian (an/V herefore the f i e l d  equatioas) 
are g iven . Althout^ Hsisenberg th e o ıx t ic a ll^  c ^ iıa s ize s  th a t i t  i s  not 
p o ssib le  to  in ti’oduce a rb iti’au::̂  ̂ assump’wi^CD"TOiV^he in vai'laat functions 
occurrlng İJi the vacuum ejqDectation v a lı fe ; ' U LN ^tortbeless p ra ctico U y  
behaveo as I f  sucU a r b itr a ıy  assumpti^tf^>prc polN&ble.

hte docs so İn the coıu'S 
Tamm-Poncoff method o f  approximat 
th is  method (whether one c a l ls  
I  b e lie v e  th a t İ t  i s  one o f  
in  the hlatoty^ o f  ph^'sics (
Ifeisenberg. My very best re 
I  never had much in te r e s t  J.n 
on the spinor model no 
present in  Goettingen 
method.

The problem or^tfe^connection betveen the vacuum-expectation 
valuec (o f tvo  or more fa c to i’s o f  İo ca lize d  f i c l d  operators) on the one 
hand and the Lagrangian on the other hand i s  a very fımdamentai one.
The İdca seemed to  me sed uctive, th a t in  an tn d e fin itc  m etrlc İ t  ınay be 
p o ssib le , th at the fonaer could have a le s s e r  symmetry (group-invariance) 
than the la t t e r  and th a t in  th is  v̂ ajf one could reach an In terp retatio n  o f  
the graduol breakdovn o f  iııvariances by passing from the stıon g in teractio n s 
to  the electrom agnetic ones and again frcaa tlıese co ühe weak in te ra c tio n s . 
(In contrasb t o Helsenberg I  don* t  b e lie v e  th a t the p o i't ic ie s  with zero 
r e s t  maca arc o f  d e c is lv e  importance İn th is  connection.) Bat vhether 
th is  İdea can be a c tu a lly  ca rrie d  through can only be decided i f  one 
succeeds İn Ic^roving considerabl^ the mathematicai Bjethods mentloned in  
our section  i>. I  don*t b e lie v e , th at I  am able to  do th is  alone and I  am 
th ercfo re  much In terested  in  your opinion on th is  p o in t. Perhaps in  your 
In s titu te  one could a lso  work on i t .  I  a lso  b e lie v e  that only w ith b e tte r

r
/ -

Application of the so~caIled 
te independontly of the name of 
coff method or slaç>ly Taımn-method) 
xİmation̂ *mıethod6 ever invented 

viıich İs in no vay shared by 
ur excellent frlend Tamm). Iheıeföre 
ier published rcsults of İkisenberg 

Ipate in the calculations mode at 
berg and his collaborators by applying this
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methoda w i l l  i t  be p o sslb le  to  declde vhether one p a rtic u la r  model l ik e  
the splnor model i s  bet te r  or \rorse than other more general models.

k , I  want fu rth er to  drav your a ttcn tlo n  to  another. question 
\diicb goee ınore in to  d c t a l l  and İ s  s p e c if ic  fo r  the epinor model, namely 
the problem, hov to  In tcrpret tho "atrangencsK" o f  o ^ e  elementary 
p a r t ic le s .  Wlth th ic  I  uıtan particuJ.arly the circumstonce th at there 
exiB t p a r t ic le s  wlth h a lf- in tc g e r  ordlnary spin and tn teger ieospin  and 
o lso  the other vay around. Fov thİB puı^pose Holsenberg Invented the 
t r ia k  o f  a degencrate vacuum iıdıich you v i l i  fin d  İn the p rep rin t. Thla 
İfi, hovever, an ad hoc hypotheaia vhich in  no vay foH ovs from the other 
a6suz!Ç>ticpc o f  our paper. U n til no\; no p a rtic u la r  p reacrip tlon  i s  kr ôvn 
to  mê  one obta5ns the "symmetry  ̂ clvJJnging ^  ” by applying ^  ✓
to  the degenerated vacuum. I t  İs  very doubtful to  me whethe?r th is  t r ic k  
o f  vacu\ffii-flegc:'ieration vorks a t a l i .  G^îrcey Pi*opo8ed a d lffe re n t foîmalism 
v ith  a  eiB^le vacuum, in  vhich the neutrino M oduces the atrangeness, but 
h is  propoeal has a lso  İ te  disodvantoges. Perhpps one meeta here a 
neccG sity to  gcn era llze  the spinor mode^Jly.1 l\Aroduclı:;t5 a t  le o s t  one nıore 
f ie ld ,  vhich connot be derived from a s4wja<a f i e l d .

•Rıese ore the laain featuı 
Dİtuatlon, vhich i s  hovever fa r  
alv/ays changlng, I s h a ll  le t  ;yt)\ 
l e t  me knov your ovn v ie v e .

\rP ;hh

present a ttltu d e  to a nev 
f in a l ,  but on the conUraıy, İs 

nev developnaents occur and p lease

our s.

W. Fauli
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