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Before entering the actual topic of

1. Introduction

Towards basic gauging of orientation

- the sole seed of local field interactions, including gravit y
some tools, prepared in view of this lecture, shall be assemb led and
clarified. To this end we subdivide section 1 into several sub sections

la. A book project

After achieving to translate my thesis into english, the ori ginally
conceived Book-Project with the World Scientific Publishin Company
was revived:

o

|
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It is described in Fig. 1 below:
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Home > All Publications > All Books > Nonabelian Quantized Field Theories
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enjoy 40% off on any titles across all subjects
when you purchase 2 books or more.

Sale ends on 3rd |

Nonabelian Quantized Field Theories

Subtleties, Anomalies and Necessary Existence of Regions Accessible/Non-Accessible to Renormalized
Perturbation Expansions

Edited by: Peter Mir i of Bern, )

This book will develop the basic form of renormalized field theories as specified in the subtitle and leads to the important
consequences and questions to be solved. The topics covered include Regge p ization, classification o
particles, symmetry of baryons and mesens, unified interactions of leptons and hadrens, as well as nongravitational local gauge
field theories and others, In the commentaries, the author discusses how the selected papers accumulated from 1966
contributed to our present improved state of knowledge as well as the emergent questions which remain as problems to be
eventually assessed in the future

Contents:

Reage Parametrization

Classification of Elementary Particles
Symmetry of Baryons and Mesons

Unified Interactions of Leptons and Hadrons
Mongravitational Local Gauge Field Theories

bae Tomins

Fig. 1 : Book announcement by World Scientific Publishing Com

pany, 2019
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In connection with the book announcement, as shown in Fig. 1 a bove,
| wish to state here, that a very long path is still lying ahead , before
the announcement can be realized.

1b. The first discussions of 1-d spin chains by Werner Heisenb erg in 1928 and Hans Bethe in 1931

The topic in this subsection, in refs. [1] and [2], was pionee red in
early phases after the establishment of Quantum Mechanics.

We shall describe the milestones passed, on the way to the pro of of
two distinct regimes, given the presence of shortrange and | ongrange
forces, before spontaneous symmetry breaking.

To this end | introduce as, mnemonic symbol for a 1 dimensiona | spin

chain, an infinite chain of poplars, displayed in Fig. 2 below

o |
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Fig. 2 : 1 dimensional chain of poplars, symbolic for a 1 dimen sional spin % chain

The analog state, of spins % perfectly aligned parallel, and to fix axes

with spin up, as the common poplars orientation is, shall be d enoted

Y |



N N

(1) N TR

On the operator level we introduce the double spin % triplet of
operators of the three Pauli matrices, one triplet each for e very site,

denoted by

—0 < =7, <=1,-1,0,1<1:--- < k-0
(2)

'7O-J7O-J—I—1)7“'

A simple way, to generate spontaneous breaking

of ferromagnetic type with long range forces, without long r ange

Lmodes J
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IS to consider the main Hamiltonian, while the choice of dire ction of

the dynamically aligned spins is driven by a dipole term, inv olving the

constant external polarization field i

H=-J o m) - ( o0 Gn) ; J : constant > (

(3) m=—00 n=—0o0

5(E)H:_ﬁ A 0

r=— 00

Preshow single spin precession

Preparing to follow a video, from You Tube, lets look at a pres how

figure displayed in Fig. 3 below

o |
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= » YouTube®"

" One Cyél.e:
26,000 Years

Fig. 3 : Precession of the Earth - Preshow https://www.youtu be.com/watch?v=qlVgEoZDjok

'https://www.youtube.com/watch?v=qlVgEoZDjok’

o
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fThe fate ofanangle- © = ¢ — ¢ - between the preset direction of

the 1-d spin chain and the polarization vector (L

Using the variables defined in eq. 3, the situation is shown in Fig. 3,

drawn in the plane formed by the two directons mentioned
<5’m> = (0,0,1) T m = —o0 -+ —1,0,1--+ 4+ o

f= (sin(©),0,cos(O))
(4)

... of ferromagnetic type with long range forces, without lo ng range

modes

that we are dealing with long range forces, without any long range

Lmodes. J

_pg
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Independently of (all of) this it follows that we are dealing with the
'equilibrium’ properties of the ground state. As a conseque nce the
external polarisation field /i is (to be) a configuration space-time
Independent one , at least as long as gravity effects are negl| ected.
The precession of the earth axis relative to the signs of the z odiac are
taught today on the level of elementary school, the video, wh ich will
(hopefully) appear as illustration next, is not essential t o the
discussion of the angle  © , shown in Fig. 3 here | reduce the
discussion to its basic level.

The action functional for the ground state, in the limit of Gr — 0,

/

must be extremized relative to the spontaneous parameter v

L |
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The action functional for the ground state, in the limit of

GF%O,—‘

/

must be extremized relative to the spontaneous parameter (V.
independently of whether the discrete reflections CP, Cor P a re
conserved or not, while ¥/ must be considered given and fixed.

This is well known, with respect to the earth axis precession , as
"Mach’s principle” causing it through the precession being due to the
motion relative to the 'distant stars’.

Ernst Mach, Austrian Physicist, born: February 18, 1838, Br no, Czech
Republic, died: February 19, 1916, Munich, Germany. Anillu  stration
from google.ch is shown in Fig. 4, below.

Whether the variable ¢ is judicially chosen or not is equally

iIrrelevant.

-p. 11
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conserved or not, ¥ must be considered given and fixed.

ndependently of whether the discrete reflections CP, Cor P a re

This is well known, with respect to the earth axis precession , as
"Mach'’s principle” causing it through the precession being due to the
motion relative to the 'distant stars’.

Ernst Mach, Austrian Physicist, born: February 18, 1838, Br no, Czech
Republic, died: February 19, 1916, Munich, Germany. Anillu  stration
from google.ch is shown in Fig. 4, below.

Whether the variable ¢ is judicially chosen or not is irrelevant.

The material presented in this subsection is a shorthand of t he
slide-file in ref. [4] ]

o |
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Ernst Mach <

Austrian physicist

Ernst Waldfried Josef Wenzel Mach was
an Austrian physicist and philosopher,
noted for his cantributions to physics such
as study of shock waves. The ratio of ang's
speed to that of sound is named the Mach
number in his honor. Wikipedia

Born: February 18, 1838, Bo, Czech
Republic

Died: February 13, 1916, Munich,
Germany

Children: Ludwig Mach

Parents: Josefa Lanhausova, Jan
Mepomuk Mach

Influenced: Albert Einstein, Ludwig
Boltzrmann, MORE

Books View 20+

+

The science  Popular Space and
of scientific geometry in
mechanics  lectures the ligh...
1383 1884 1906

People also search for view 15+

=
Richard Albert Maritz
Awenarius Einstein Schlick

Fig. 4 : Ernst Mach
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1c. Translation to english of my thesis from 1966

In order to prove my involvement in preparing a framework for
guantized gravity, since my thesis directed by my thesis adv iser
Markus Fierz, which was printed in german, in Helvetica Phys ica Acta

In 1966 [5]. This translation is presented as a pdf-slide file in ref. [6].

The reason, why this renewed effort, of translating my thesi s into
english, becomes evident, can be understood in my obituary, at the
occasion of Markus Fierz’s death, in the file: Fierzenglish. pdf in ref.
[[7] from 2006.

Anyone interested to obtain a copy of the files, cited here as w ithin

my AEC-ITP file domain, is kindly asked to write to me an emalil,

Lexpressing this request. J

-p. 14
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Attempt of a consistent theory of a spin 2 meson

2. From the translation to english of my thesis from 1966

english translation of the original version of the thesis of the author,

In german

Peter Minkowski AEC-ITP, University of Bern, Switzerland a nd TH-Div ,
CERN

The propriety structure of the underlying german original
Journal : Helvetica Physica Acta  Volume(Year) : 39 (1966)
Fasciculum : 8 PDF created : 06.05.2015

Persistent Link : http://dx.doi.org/10.51 69/seals-1137 01

Bern, 23. April 2018

o |
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With the permission to use the present input, the usage condi tions

-

sage conditions

are accepted. The ETH-Library is offering the digitalized | ournalsd.
The rights rest, as a rule, with the editors. The offered docu ments are
available for the non-commercial use in lectures and resear ch as well

as for free private use. Single files or reprints out of these o ffers can

together with the usage conditions and their respectation b e
transferred to others.The publication of figures in print- a nd online
publicationsis only allowed upon the consent of the right-o wners. The
saving of parts of the electronic offers is equally dependin g on the

consent of the right-owners.

o |
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Exclusion of Responsibility

All informations are offered precluding any responsibilit y as far as
completeness or correctness is concerned. No reliability i S retained
for damages that might be caused by their use or by the lack of
iInformations here provided. This is valid as well relative t 0 rights of

third persons beeing offered useage of these offers.

A Service of the ETH-Library
ETH Zurich Raemistrasse 101, 8092 Zurich, Switzerland,
www.library.ethz.ch

http://retro.seals.ch

-p. 17
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n the last page, all copyrights are presented.
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f (c)1966 by Schweizerische Physikalische Gesellschaft T
Soci été Suisse de Physique - Societ a Fisica di Svizzera

Nachdruck verboten - Tous droitsr éserv és - Printed in Switzerland

Attempt of a consistent theory of a spin 2 meson
by P. MinkowskKi
Seminar for theoretical physics, ETH Zurich
(7. V1. 66)

Summary. The electromagnetic interaction of a charged spin 2 meson is considered. Several
canonical transformations of both the meson- and photon-field lead to an interaction represen-
tation. The Hamiltonian expressed by the interaction picture fields is a noncovariant power series
in the charge. On the other hand the time-ordered products of the fields and their derivatives
contain noncovariant terms of a #)(x) type, which give rise to higher order vertices compensating
the noncovariant contributions from the Hamiltonian. The latter is calculated in second order
approximation and reduced to a simple form making use of covariant contractions. The multipole
moments in nonrelativistic limit are obtained. The ‘minimal coupling’ admits a free parameter o
which corresponds to an anomalous magnctic moment

(¢: charge, M: meson mass, S: meson spin).

s oL £ .
F==mnm °
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Fl'he copyright conditions are stated on top of the last page. T

2.1 Formulation of the problem

In the following pages reference numbers refer to the biblio graphy on
page 'PMthesis-Refs. below.

The fundamental paper(s) by M. Fierz and W. Pauli [1] have

demonstrated the difficulties, which arise with higher spin fields. P. A.
M. Dirac [2] has discussed for c-numbers the Hamilton-Forma lism
with subsidiary conditions. There is an extended analogy be tween
c-number- and g-number-theory, which will allow us to apply the
results of the cited papers. Only the notion of subsidiary co ndition
has to be defined more precisely. We propose to understand a

subsidiary condition not as an operator identity, but as a fu nction of
uhe fields, which vanishes on a suitable subspace of the linea r space J

considered, with indefinite metric.

-p.20
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iIntroduced by S. Gupta [3] and K. Bleuler [4] for the treatmen t of the

his definition of subsidiary condition is analogous to the m ethod T

Lorentz-condition in a space with indefinite metric.
The interaction of particles with spin ¢, 1 was recently inves tigated
within the general framework of covariant scattering ampli tudes,
whereby only properties are used, which do not depend on a spe cific
model. M. Jacob and G. C. Wick [5] have described the reductio n of
matrixelements in the helicity formalism. K. Hepp [6] and D. Williams
[7] gave the decomposition of an analytic function into a sum of
covariant standard polynomials. D. Zwanziger [8] describe s the
electrodynamic interaction of particles with restmass and general
spin. Independently of a model he defines building on V. Bargm ann, L.
LMicheI and V. L. Telegdi [9] a 'minimal coupling’ that corres ponds to J

-p.21
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section for Coulomb scattering of a (charged) spin 2 meson. | n going

. Regge [10] has calculated for a special magnetic moment th e Cross

over to the interaction picture, Regge obtains an invariant
Hamiltonoperator. This operated generates a scattering ma trix that at
first is not lorentzinvariant, because the T-products invol ved contain
besides covariant also noncovariant expressions, which de pend on a
spacelike surface. H. Umezawa and Y. Takahashi [11,12,13] h ave
shown, that 7 ;7 , in the interaction representation, likewise

contains surface terms, which cancel against the noncovari ant
T-products. The transformation from the Heisenberg to the
Interaction-representation is generated by an operator U ( o ) that

can be constructed under 'ad hoc’ premises.

o

-p. 22
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Interaction of a vector meson with arbitrary magnetic momen t. Doing

-

. D. Lee and C. N. Yang [14] have described the electromagnet ic

this they counterpose to the canonical formalism a limiting

procedure. Both methods lead to the same results. They succe ed to
explicitely delimit the mentioned compensations, and to sh ow that the
deviation of H ;n7 from —/£ INT can be reduced to the fact, that
the ordering of products of field operators is not (uniquely)

determined, whic leads to so called 'tadpoles’. Also the int eraction of
a vector meson with a leptonic current satisfies the hypothes IS of
Umezawa and Takahashi, which can be verified directly. With t he help
of these hypotheses S. Weinberg [15] is able to lay a bridge to the

Invariant perturbation expansion and to derive Feynman rul es for

Larbitrary spins. J

-p.23
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bridge to the invariant perturbation expansion and to deriv e Feynman

ith the help of these hypotheses S. Weinberg [15] is able to | ay a T

rules for arbitrary spins.
In this work it shall be attempted to treat the electromagnet IC
Interaction of a charged spin 2 meson , with arbitrary magnet IC

moment, as a consistent canonical theory.

—-p. 24
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ﬁt succeeds to derive the Hamiltonoperator as a power series in the T
coupling constant e and simultaneously to transform to the

Interaction representation. Subsequently it is shown, tha t from the
construction of the interaction representation the hypoth eses follow
naturally from which Umezawa and Takahashi deduced the rela tion

H Nt = —/ﬁ INT -

It is revealed, that the canonical formalism to determine th e
Hamiltonoperator is equivalent on one hand to the S-matrix i n the
Interaction representation according to S. Tomonaga [16] a nd and J.
Schwinger [17], and on the other hand to the construction of a unitary

and causal S-matrix according to E. C. G. Stlickelberg [18,1 9] .The
methods used here for the electromagnetic interaction to tr eat the
Dubsidiary conditions of fields with spin 2, can be used, J

-p.25
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for arbitrary couplings, for instance to a current of strong ly
Interacting particles. However the fact that we are here dea  ling with

'nonderivative coupling’ brings no simplification.

Content structure

In a first subsection starting from the Lagrange density of a f ree
meson with mass M using a 'minimal coupling’ the Lagrange den Sity
Is obtained, which should describe the electromagnetic int eraction.
The associated Euler equations imply 5 subsidiary conditio ns, which
render the contact transformation, which leads from the Lag range- to

the Hamilton-density, to become degenerate.
In the second subsection the Lagrangefunction is replaced b y a new

one, in such a way, that the new equations of motion are compat ible

-p. 26
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with the 5 subsidiary conditions and the degeneracy of the co ntact

-

transformation is lifted.

If we now set the subsidiary conditions equal 0, we obtain bac k the

old equations of motion. Expressing the subsidiary conditi ons and
their first (partial) derivatives with respect to time throu gh the
canonical variables and transiting to the Hamiltonfunctio n, we can

use the theorems of Dirac [2] for the Hamilton formalism with

subsidiary conditions.

The Hamilton operator is only defined modulo subsidiary cond itions
and we content ourselves for the moment with an arbitrary
representative. Besides this, we give general functionals of canonical

transformations.

o |

-p. 27
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ﬁn the third subsection the subsidiary conditions are broug

series of canonical transformations to thid fotm, which cor

to the free equations. This is the most important and further

most complex part of the reduction of H rnT tO —/C INT . From

the construction of these transformations it follows, that

depend (explicitely) on the interactions.

Once the subsidiary conditions attain the sought form, in th

subsection the transition to the interaction representati

performed, led by the subsidiary conditions corresponding
meson. It succeeds to find a singled out Hamiltonoperator, wh
commutes with all (10) subsidiary conditions, from which it

the vanishing of the latter follows from a suitable choice of

conditions.

ht by a

responds

maore

they do not

e fourth
on is

to the free

Ich

follows

initial

-

|

-p.28
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matric, appears split in the form of a direct product Ri1 ® Rs.

-

n so proceeding, the space of states, which carries an indefi nite

The subsidiary conditions have the representation N =906 N,y.
The physical partial space H p is formed by the product states

x © (29 ,wherebyxliesin R and (), corresponds to the ground
state in K . H p is a Hilbert space in which the subsidiary

conditions vanish.

In subsection five with  H ;n7 in first and second order

approximation is discussed. In the nonrelativistic limit t he multipole

moments are calculated. The anomalos magnetic moment

== oL [ P
b==—o7m"

-p.29
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fdoes not lead to any specific difficulties, why a special value

of the T

g-factor is not suggested, contrary to the case to the case of the
electron. All multipolemoments up to the order 24 depend on the
parameters e, «, such that only two (out of 4) can be chosen
iIndependently. The hogher multipole moments vanish. The se cond
order gives rise to the compensations mentioned. These are

classified by means of associated Feynman-graphs and calcul ated for
a special case.

In the sixth subsection, finally the connection to the papers by
Umezawa and Takahashi [11,12,13] is established. The canon ical
formalism generates in a natural way the surface terms in the

Hamilton operator, which compensate the noncovariant term s of the

uimeordered products, whereby it is guaranteed, that the un

itary J

—-p. 30
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and causal transformation

ta
Ulty, ) = T* exp [é [ Conat d*x]
()

describes the time evolution of the states in the interactio n
representation, which follows from the equations of motion . Hereby
I"* describes the timeordering operation, which only respects

covariant contractions.

-p. 31
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Notations and Definitions \

Electromagnetic Potentials: Ae

Canonically conjugate Momenta: w

Mesonfields: ¥ o

Thereto canonicallyconjugate wﬂﬂ_ w"iw

Momenta: = ¢

Electromagnetic Field Strength: F” = Fug == a.:r Ag - 69 Ay

0 —E, —E, —F,
E, 0 B, — B,
ev=\ E,—-B, 0 B,

E, B, —B, 0

Greek Indices run from 0 to 3, Latin one from 1 to 3

—p.32
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‘Minimal coupling' :
Momentum

f"”#'—"pﬁ_%‘dﬁ

: 1
l f}#—ipﬂzdﬂﬂ'iﬂﬁdﬁ

. : 2
ﬁzdﬁ—rﬁzﬁﬁ—?Aﬂ

DM : covariant derivative
equations of motion of a point charge in an electromagnetic field

* &
Myt =——Ft'y ; 5 5 i
¢ 4 : derivative relative to proper time
M w = p*
7, - = Frv g, M : Mass of the Particle
Me
L= J:g;,,, i EMat T 1:!_\;-;- C :Lagrangedensity for the electromagnetic- and the
matter field
L = s, B8
elm — T by
or with the help of the Lorentz condition
1

Ezlm i 2 a,u Ara# A*

we choose rational units
t=8=1

—p.33



‘EMM = aﬂ ‘*P*M 09 w,nw -2 'd” 'P:v 09 wgr

o aﬂy"‘ oﬂ'}u,ur-[_ 0#?’:14 av_.q)_ 0"'#* 01?1:"”
— M2 [y 'Pm"_"f’* ]

From eq. (A.1) the equations and subsidiary conditions follow:

(A1)

(O+ M) p,,=0, 0,9"=0, p=0

The subsidiary conditions are necessary, in order to prohibit the
appearance of particles with spin 1 or 0. If they are fulfilled,
then in addition the energy is positive definite. The conditions

for

The subsidiary conditions are necessary, in order to prohibit the
appearance of particles with spin 1 or 0. If they are Ffulfilled,
then in addition the energy is positive definite. The conditions

for Wo ;- 0, fp"*' = () are analogous to the vanishing
of the divergence of vectorfields

in a theory with spin 1.

ik i I[wu —:Eig #‘:!‘ = *JHE‘F: )

‘ imply the derived relation in the previous line. \

—p. 34
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Despite the fact that the above subsidiary conditions bring nonlocal
qguantities into the theory, as we will see, this is not the case_Even if
interaction sets in, all components V,, remain relatively local.

We will return to a more precise characterization of the subsidiary con-
in appendix B.

The expression — 20 # 4", 0 o1 ¢V is for the free field equivalent to
—(1+a)0r 3,009 — (1—a)dy?,, OF 1, . fwe substitute
Oy - D, = 0, +1eA, following the principle of 'minimal coupling’, we obtain th e

following Lagrangean density

Lle, o) = — % 0“4* 0,4, + D**p*** D v,
— (1 + ) D** 9, D, y* — (L — a) Dy yi, D* ¢
+ D¥ g Dy, A DYyt D DY 9t D
— ME(p* v Y) . (A.2)

For the electromagnetic potentials a Lorentz condition (OuAt)  |z), = 0 shall hold for all

physical states | z) ;with (0, AH ), : positive frequency partof (0, AH ).

-p.35
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L (e, o) gives rise to the equations of motion

14 = "
DQV)M T (D;ﬂD%@v + D, Do‘tpﬁo) "Tm (DQD;&%V + DF D"wﬁe)
> 1
-.l_g,'(:b'D Dﬁwaﬁ+_2 (DFDH-'-DVD#)w_gvazw—'-W(w;zu_gﬂvw):U

04" =f=—C,, (A3)

From (A.3) the following subsidiary conditions are derived

NJe,a) =D",,— Dy —nle,a) =0 ,=0,1,2,3 Nyfe,x) =9 — n4(e,x) =0

3+ 3—o
) 'Fyngippv—_ 2 FED'%)U;‘:Q

te | e SRy 14+a .

My = M2 . 2 (O-f‘;)wgﬂ + - ?#w;w
3 I

T Dy -gh

e(l+a) (O"F'9 Dy, — L2 @ FFy,,

= |+ z'eouF"E’DQ Dy — te(l —a) 4° D”t_ﬂw

" , 32 . e
+iex(0 ) p,, +— F" F,p+ief Dy (A.4)

—p. 36
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For

O Y — (0, 0%y, + 0, 0%,,) +8,, 0% 0",
+ a# 5'1.-%” — Epv Ly + M? (?iuluv - g;.—.uw} =
0A4"=0 0" =0, p=0 (A.5)

From (A.5) finally it follows: (00 + M 2 ) 4, = 0.

B. Canonical formalism, canonical transformations, Hamil ton operator

The Legendre transformation belonging to L ( e, ) Is as a consequence of the subsidiary conditions

dege Cle,o) =Lle,a) + > ¢, N*N, (B.1)
5,t=10
(Ng, ..., Ng) = (04Ng, ..., 0oN,), ¢5, = ¢k, ¢! constants
It is consistent to require that the Euler equations pertine nt to E/ satisfy the subsidiary conditions
Nog,---,Ng) = 0,becausefor Ng,---,Ng) = 0 the Euler equations pertaining to c go
over in those stemming from L , from which equations again  Ng,---,Ng ) = 0 follows.

/ /
We determin the Hamilton operator ~ H  associated with the Lagrangean density L

o |

-p. 37
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The field pairs Ly 0 B and A o » w 7 shall be canonically quantized.

[Was(®), B* Py = 582060 (& — ) [A,(%), 0" (H)]po_ p =1 056® (x —¥) (B.2)

the other commutators = 0

1

838 = (0288 + 80 8

We solve the variational equations:

8 [ dt dx ($*H7 9, + g, ¢ — W — " N,) =0.

The v "™ are Lagrangean multipliers, which allow to vary without res pecting the subsidiary conditions.
We collect the quantities (Y v, ¢ uv A o, Wy ) intoavector X . Then we obtain the following

canonical equations:

9
w— [aew [H*+ Y [ @ N, X0 =i X0
t 1Fi"’__':':ui'.‘r

N,=0%=0,1,...,9 (B.3)

—p. 38
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/
In B.3 the Hamilton function is not uniquely determined. If w e change 7H by multiples of the subsidiary

conditions:
124

/
H' =H + S A™ N,
A T arbitrary functions of the fields;
then we obtain the the equations equivalent, yet different f rom B.3

9 =
[H”—!— Y [amor—)N,, X0)| = —ioXly) Ne—0 H'= [ W
m=0 2%

t

The linear space R, in which the commutation relations (B.2) are represented carries an indefinite metric;

v
of the subsidiary conditions among themselves, they cannot vanish identically. It will be shown, that R

is, relative to this metric, the conjugate operator to Y uv - Because of the commutation relations

decomposes into a direct product R 1 ® R o whereby the subsidiary conditons N = € ® N(kQ)
do not act on the subspace IR 1 . The physical subspace H , , which we want to envisage, consists of
the state vectors | Z ) p = Z1® 29 ,where €9 isthe vacuum state in the factor space @ R o .

‘H p is a Hilbert space.

For | Z') , the subsidiary conditions vanish as soon as (Q2| N(k?) | Qs) =0.

(Z' | Ny | 275y =(Z, @82 |1 QNP | Z" @ 23> =<2, | 210, 85 | N} | g5, = 0.

The scalar product ussed here corresponds to the indefinite metric:
! 4 - wp I
2, QL |2, @Zp=LZ ®@Zyn, Z, ® Zy>.

—-p. 39
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7 : hermitian operator, << >>> positive definite scalar product in R. If we understand N = 0in —‘
the way described above, the results of Dirac [2] can be appli ed also to (B.3).

Among the operators 7—[/ + Z A™ N, (X arbitrary functions of the fields ) one is singled out,

through the propert (¥, N =0 £=0,1,...,9

Then equations B.3 can be reduced to

H= [ @ [H X)) =—i0X0) (B4)
i

The subsidiary conditions follow from the corresponding in itial conditions IV ( t ) = 0; H will be
determined in subsection D.

Initially we select a representative among the operators ”Hl + Z A N ,, . For this it thus suffices
to, give the fields X o modulo subsidiary conditions, for which the shorthand nota tion m (N ) is used.
In order to determine  H it will be necessary to perform canonical transformations, i.e. such
transformations, upon which the commutation rules (B.2) re main unchanged. Such a transformation is

generated by a functional S. For S, among others, we have thef  ollowing possibilities:

o |
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S-f-"’ﬁ S = Si(p, &', A, ')
TSk Sp= Sy, 9, 4", 0

We have for Sl = ;)5;1 = ‘551.

and S : oy 0S5 552_

2 IP T]U 64,* ’ 56 ;6
written y o N e, Sy
i" Extenso » '}uptt'( ) Tlu}il-'( ) ¢#”* ( )
similar formulae hold for: A'— 4, w — @’
K(X,) = [ Hdx+ 0, S} (B.5)
t

Hereby éf{atfipv * I(E

/ d
denotes the functional derivative with respect to pHV* (X)),

We do not use the constants cg¢ in B.1 by setting

o |
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m}(ﬁ#v i cfr alﬂv*#lr

{m?sﬂﬂ = Dgy — 1y — o D¥yp,

14 T
m}‘iﬁnf = D* Yoi — Dy —mn;— - 2_'1 D¥yp, . + ) Dy, +";' D o,
{ﬂ}¢ik = Do (Wir — &ix W) — _;m_ (Dpor + Dipoi) + €k Dmﬁf’mu m(N) (B+7)

w,=— Mp

/
Denoting by (0)¢ pv the the fields canonically conjugate to ¢ *HY relativeto L , we derive

Obog — ‘iﬁw = — o D¥yy,

1+o 1 o
Odo; — Bo; = — = D%+ =1 Dayp + 5 Dipoo

1+
OPir — bir= Tm (Dior + Dioi) — 8ix Do
Oo; —o;=[-(1+aw)tey; +regi ¥, +1eag o v*°F + hoc.
(B.9)

o |
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We note that even for e = 0, (0) g generates a transformation of the variables (0) ¢ 0 = wo; Y v -

Thus we have expressed 5 subsidiary conditions, through the canonical variables :

Niidoi=0«— D', — Dy —n,=0
Negwpy—n,=0

Ngidgo=0«—— Dgyp — ny=10
It holds: > ’ ’

@ix = Dy (Wix — &ix ‘Pm - fDi'Puk + Dy woi) + 281 D™
1 .y
Doyl = — + 61 + 2 D"y
1 i
Dowir = @i — Fl gix Py + Doy + Dy, (B.10)

D#ap,,0 — Dg1p—ng becomes %W}L — D™ 0 —n g . The equations A3 for 1) g, yield 4

further subsidiary condition. In this way we obtain the 10 su bsidiary conditions:

o |
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Ny ; dr — Dy o — sy =0 «——>» Dip g — Dgp — ny =0 —‘
Nigaithy; =0 e D'y —Dyp—m;=0

Ny p—n,=0

Ng: DFDE(p,—gow))— M2y) +iea OF% gy, =10

b oo BH e
N-a,'},it: M? Yoi — @kd.ki —p, =0 «—>r {}n*ﬁ'TL 24 = 0
ANT!: qSDﬂ = [.:l > Bﬂv == Hl] 2= 0 {B.ll}
' e Ak o B DTN Lo o ) 4+ ¢ -z o &
ﬁll’-ﬂ' rd 1€ '#Ji:l’ E hpkr §n‘#’: + e 2 | -‘w&{l
| i;”.‘. OF oo — "';’1 OF0k gy (B.11a)

We shoauld take inte accaunt ':“l-j;u_i : du‘AU -+ “}me differing frem
For= d,dp+ o,
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The Lorentz condition (w;:, — Ak 4, _}+ | Z) p = 0 remained unchanged by ‘%5 .
In (B.11) the functions 11 , , @ 4 P+ appear. The arguments of these functions contain also the
quantities 7, . @ V" o . These can be expressed with rthe help of

Dﬂw,uu_rﬂuw_'ny:[) 1#'—”4:(3 Mﬂwm_gk‘ﬁki“ﬁé:ﬂ

through v ;1 , ¥, ¢k ¢, Ag, W andtheir spatial derivatives. By successive replacement
of the above arguments,we obtain . , n 42, p, ,as a power series in e.

Ng,+++,Ng decompose in two groups: ( N1 23, N4, Ng78,No ) and ( No, N5 ).

The first & subsidiary conditions can be used to express g , m(/V) as dependent quantities through

(Y. Ap, wp analogousto Ug (U, Uz, Uz, Ay, w, ) inthe case of the vector meson.

i Uy, : field operators of the vector mesons. # N , N 5 can be used to eliminate the traces of

Yik » Dik

1 n.
Vi = Xiw T 5 Bra P %=

1
bix =N+ 3 8rdes N=0
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Ng ., N can be brought to the form ¢,

W:t'_',’i‘.'ft%?fﬁ’m’i“m ﬂ =0

1 ;
*l-l&illli = Nk T 3 ik (.ﬁ:; Tj.ﬁ = (

At
Ny —5— ¢, — 005, — =0
Ngt0F 0% (o — giptl)) — MEgL + /=0

it follows

ME AN 0 oarar
( 5 T 3]‘?%"'[’1!'3'“}':';:'? k

(i d = ME:)"F: — =0 P+ f

f=2z2e A% (’%"'ék — Bix 'P:J +aedi A* (p,, — 8., TF::'
—eF AV A® (i, — gix ) T 1 e OF
Ek=1te¢ M An W+ n'_:’" 2l A2 "y
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;L":l 2 . d: :: can be renresentad as snace intearals

vh(®) = [@ulx, ¥) [— 0, 8, ") + F3)] d*
drix) = [oux, v) [0, 0, 57 4(y) +R(Y)| dBy

p1 . o2 are suitably chosen finctions of © and ¥ . In proceeding this way, it appears, that the fields

develop a nonlocal character. This difficulty exists also for e =0, whence the free field is by no means
nonlocal. We will not perform the elimination which is suggested in equation (B.12), but rather will in

subsection C, transform the subsidiary conditions in such a way, that the
latter obtain the same functional structure as fore = 0.
The Hamilton operator has, modulo subsidiary conditions f'\rll'.l: , the form

W= O b B O O A N
W= i m' e, + ; A" DA, ¥ 4G, — ; & 7
— 2O 0 e | 2 M3y,
™ty — dhp*e dyp, | + 2l (09"
+ MR " - v,
+2sed [@h 9 — hoel +ie(3— a) F'hpf, v,
+iell - o) Feilptpl) e (1 +a) Fop [y — o]
bredy (ph d'h —hoo) —de(l —a) Fy, [y*% 9l — h.c.]
— Zre At [y 09" —hoe] Fte AF [ dyl — hoc.]
b iag AY phme g — hoc]
— 3 (Mo, — ) (Pt — ) o3 A A g

— AR A i, 2 A At () (B.13)
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We do not continue the translation of my thesis further here, since all
basic notions introduced , can clearly be adapted to the case , Where
gravity is to be included in the list of basic local and quanti zed

Interactions. The chosen restrictiom, where gravity is lef t out, was
chosen, to simplify things in higher orders of perturbative

expansions, only.
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o |
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