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For instance, for k=2, =1, we find 1.011, for
k=3, I=1, we find 1.002 and so on. It reaches
its largest value for k=, I=k—1, namely,
1.074, while for [I=k —2, it is smaller than 1.026.
Thus we may often neglect it entirely, and write
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for F, apart from a constant factor

E3
F=xx7clxkl“§{-72l+l(xkl) cos kr
+ Norpa(xr:) sin kw}  (32b)

and instead of (33a)

X *
J2l(xkl)Jl+l(%xk*) - J2l+1(xl:l)]l——}(%xk*)"%"{""/’J2l+l(xkl)JH—}(%xk*)
%

ki

(33b)

tan kr= —

If we apply Formula (33) to the 2p state
studied by Tibbs? we find

k=2.004.
The approximate formula (21) gives
k=2.005.

Unfortunately a check with his result does not
mean very much here because his value may lie
anywhere between 2.00 and 2.041.

x* '
Noy(ocr) J i (Gor™) — N2z+1(xkl)ft—a(%xk*);":—+'I/Nez+1(xu)fz 1 (Gxr®)

kl

It seems to the author that the elimination of
purely numerical work in quantum mechanics is
very desirable because of the greater generality
gained. The present paper makes the cut-off
Coulomb field an analytically soluble case except
for energy levels which are so close to the cut-off
in the potential energy that only an exponential
tail is situated beyond ‘the cut-off radius. More
precise criteria, together with formulas to replace
(21), (27), and (33) will be given in another

paper.
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Theory of Static Fields

I. A Phenomenological Attempt to Determine the Proper Field of an Electron

Guipo BECk
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(Received September 23, 1943)

According to the phenomenological theory of quantum fields, fluctuation phenomena corre-
spond even to the lowest energy state of a system. The average value of field quantities is zero
in the case of a vacuum. This value changes, however, if we introduce a particle into the field.
The determination of the average value of the field fluctuation leads immediately to the expres-
sions of the proper field of an electron. The calculation becomes considerably simplified by an
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appropriate use of Dirac’s theory.

A. INTRODUCTION

1. Purpose of the Paper

T is well known that classical theory does not
represent, so far, a consistent scheme of
physical phenomena, even if we apply it to a
simple problem as the problem of the motion of

an electron. Even the value of kinetic energy of
an electron cannot be obtained from classical
physics in a satisfactory way since the value
given by the mechanical picture does not agree
at all with the value one would expect from the
transformation properties of static electromag-
netic fields.
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The first part of this paper intends to study
the proper field of the electron from the point of
view of quantum theory, in order to see whether
or not quantum theory leads to modifications of
the transformation properties of microscopic
static fields which are likely to attenuate the
difficulties met in classical physics. It answers
at the same time the question in which way
quantum theory accounts for static fields which
are responsible for elementary macroscopic
phenomena as electro- and magnetostatics.

The paper will give an account of a number of
investigations which have been carried out
during the last years by the author and a few of
his collaborators and which could not yet be
published in detail because of the events in
Europe.

2. A Simple Example

In order to have a general view of the prop-
erties of the formalism of quantum field theory,
we consider first a scalar field, described by a
complete set of orthogonal functions in an
arbitrary large cube of volume L3.

©x= ei‘”k'uk; Ux = e“”/L%.

(2.1)
These obey the Klein-Gordon equation

1 9%
Ap————k20=0.

(2.2)
c? 912

The static solution of Eq. (2.2) is given by

o=—Ae*"/r. (2.3)
We shall see how quantum field theory accounts
for this solution.

According to the formalism of quantum field
theory, we have to consider every single Fourier
component (2.1) as an oscillator, the energy of
which can take only integral multiple values of
hor/2w. If no particle is present in the field,
the Hamiltonian of the field is given by

H=3 3(p*+wq® —her/27),  (2.4)
where px and ¢k are canonical variables,

PrQx — Qupr=h/ 2. (2.5)
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Then, the field is represented by the operator

o=5 §(4n)'] (qk+,ipk)uk

W

1
—I—(gk—'——pk)uk*]. (2.6)
W

It is well known that the Hamiltonian (2.4)
describes fluctuating variables px and gk, the
average values of which are equal to zero. The
average value of the field (2.6) in free space is,
therefore, equal to zero.

Introducing an infinitely heavy particle with
the coordinates R into the field, we can consider
the kinetic energy of the particle to be a constant
and the Hamiltonian of the system can be written

H=3%, ‘ 3 (Px®+wr?q® — ha/ 2m)
k

+1(4m)e-4 -[(gk+71-pk) - (R)

LWk

+(Qk—;;1;Pk) -uk*(R)”

=2k 3 { (Prt+0:®) 2+ wr (g +9i°) 2

— hor/2m — P02 — wk2q % J.

(2.7

The constant 4 plays the role of an interaction
constant or ‘‘charge’” in this theory. The ab-
breviations px° and ¢y° are determined by

po=(amyic 4 B "R,

1

21wy

ux(R) +u*(R)

2

(2.8)
q’=(4m)¥c-A4-

Wk

The Hamiltonian (2.7) represents an oscillator
system, the average values of its canonical
variables being shifted by the (negative) amounts
given by (2.8). Introducing these average values
in the expression (2.6), we obtain immediately
the average value of the field

et (R ux(R)uy*
¢=—2mwc?4d Y -+
k

w2

Wi

(2.9)
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in agreement with expression (2.3), since
(wi/c)2=Fk2+ k2
4r  eaiGR)

Zk: k24«2 L3

and
e—x] r—R|

“r—R[

The two last terms in (2.7) represent the
infinite self-energy of our field, which, however,
is without any interest for our purpose.

Replacing our simplified field model by the
oscillator system representing the electromag-
netic radiation field and the particle by a Dirac
electron, the present scheme permits immediate
calculation of the proper field of the electron to
the approximation in which the eélectron is
sufficiently heavy not to be appreciably in-
fluenced by the field.

Before, however, entering into the discussion
of the proper field of the electron, we shall
develop a mathematical apparatus, which will
not only be helpful in the following calculations,
but also simplify the considerations which we
will have to present in the later parts of this
series of investigations.

B. MATHEMATICAL APPARATUS
3. The Solution of Dirac’s Equation

We shall write Dirac’s equation in the fol-
lowing form:

10¥ 8
———+agrad ¥4+—V¥=0. (3.1)
c at A
The constant A can be expressed by
A=h/2mwmc, (3.2)

the matrices @ and B are supposed to have the
usual form.

We shall call a solution of Eq. (3.1) a complete
set of orthogonal functions, depending on the
variables x, v, 2, ¢, «, and 8. One verifies easily,
that

pot+mc—yp
{L32po(potme)}}

2wi
-exp [Tz(ﬁpocwpr)] (3.3).

is a complete solution of Eq. (3.1) if p denotes
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an arbitrary vector in space and

po*—pr=mc?, (3.4)

¥ =pe. (3.5)

We shall refer to the form (3.3) of the solution
as the standard form.

In Table I the solution (3.3) is written ex-
plicitly, without the common normalizing factor.

Every column of (3.3) represents a set of four
spinors which is generally called a partial solution
of Dirac’s equation. The four partial solutions
included in (3.3) correspond to two sets of
plain waves moving in opposite directions. This
is an essential feature of the standard solution.

While the asterisk (*) denotes in the usual
way the conjugate complex of a quantity, we
shall denote by the sign ‘““til"’ (7) the conjugate
transposed of a matrix. The conjugate trans-
posed of Eq. (3.1) is

19V

- .
———+grad Ya——V¥3=0, (3.6)
c dt A

N 211
Vp=exp [ —~h—(6p0ct+pr)]

Potmc+yp
{L“Zpo(Po-i—mc)}*‘

One verifies easily the normalization conditions

3.7

f Vo W pdr = 8prp, (3.8)
. 1

‘I’p‘I’p—Zs‘: (39)
.1

\ypxpp—i—s (3.10)

Dirac’s matrices describe quadrivalent vari-
ables, the four values of which we shall consider
to belong to different values of the character of
the electron. The character includes two bivalent
sets of wvalues, () and (Bvy), belonging to
different spins, and two bivalent sets, («8) and
(v9), belonging to different signs of the electron.

An electromagnetic field splits, for an observer
in a given system of reference, into two parts:
the electric and the magnetic field. In a some-
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TaBLE I. Solution of Eq. (3.3).

27 27t 27
exp [—h—(pr —i)ocl)] exp [7(1" —ﬁoct)] exp [7(1" +Pwt)] .

2wt
exp [7(1" +ma):|

a ﬁo+m6 0
B8 0 po+mp
Y —ps, = (p=—1py)
o - (Pz+1pv) +p'

@ 8

' + (= —1ty)
+ (petip,) —p:
Po-f—mc 0
0 po+mc
% é

what analogous way, the character of an electron
splits into spin and sign..

The relation (3.8) accounts for the orthogo-
nality iz space, the relation (3.9) expresses the
orthogonality in character.

4. Dirac’s Matrices

It is well known that Dirac’s matrices 1, 8, «
form a fundamental system of matrices. They
permit the establishment of a complete linear
basts system of 16 matrices which permits the
expression of any matrix of four rows and
columns by a linear expression. We shall denote
the linear basis system as follows

B
1 —a
iy —Be 4.1)
T —c
187

with the following notations
7
y=Ba; o= —E(axa); r=3(e0). (4.2)

The matrices (4.1) are of the Hermitian type.
We shall call matrices of the type

O O o O
o O o O
o O o O
(oo o O

respectively matrices of. first and second kind.
The matrices

1, B, o, @o
are of first kind;
o iy, T, 187

of second kind.

In general, a matrix will contain parts of both
kinds. We shall denote by

WM =3 (M+BMB),

(4.3)
M =3(M—pBMB)

the part of first and of second kind of the
matrix M.

5. The Cartan Transformation?

We introduce in Dirac’s equation a general
interaction term of Hermitian type, U= U

19V 7 271
———4eagrad V4+-BV+—U¥=0. (5.1)
c ot A h

The conjugate complex equation to (5.1) is

1 9y* 1 2w
————a* grad y* ——BV* ——U*¥*=0. (5.2)
¢ ot A h

Introducing Cartan’s matrix

+1
-1

_1 ’ P2=1:

p=—ifa,=

+1

(5.3)

multiplying (5.2) from both sides by p and
putting

®=p¥*p, (5.4)

we obtain, because

pﬁp: _By

pafp=ua,

! A more detailed investigation on the properties of
Dirac’s matrices will be found in Fernandes de Sa’s thesis,
Pérto 1943, in which the general properties of the micro-
scopic space-time continuum are discussed. We shall
have to refer frequently to Fernandes de Sa’s paper.

2 The author is indebted to Mr. Jean Pirenne, Lyon,
for having drawn his attention to this important transfor-
mation, given by E. Cartan.
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the equation

10® 7 27
———+agrad d+—-B>——pU*pd=0. (5.5)
¢ at A h

In the general case, we have to put
U=V+W,

V=A4¢+eA+ivE—BoH, (5.6)

W=8B++Co—aC+i87D,

where the 4, B, C, D, E, and H's are real
quantities, forming appropriately chosen tensors
of a Lorentz transformation. Since

pV*p=V; pWp=-W

Eq. (5.5) takes the final form

10® 7 2w
———+4agrad ®+->——(V—-W)®=0. (5.7)
¢ ot A h

Cartan’s transformation provides us with a
convenient means to study, with the help of
Eq. (5.7) the behavior of states, which, according
to the usually considered Eq. (5.1), belong to
negative energy values. In the restricted case,
in which only an electromagnetic field, repre-
sented by the four vector 4,, A is considered,
we have to postulate that no additional assump-
tion be introduced, which destroys the necessary
symmetry corresponding to Cartan’s transfor-
mation (Dirac’s “filling up rule”).

6. Spatial Rotation and Lorentz
Transformation

Since we will not have to use these transfor-
mations explicitly, only a brief survey shall be
given here. The general theory is contained in
Fernandes de Sa’s quoted paper.

A spatial rotation can be represented in this
formalism by a left-hand operation

V' =RYV. (6.1)

The transformation matrix R is of first kind;
it depends on Eulers angles ¢, ¢, ¥ and on the
matrices 1 and o, R(e, ¢, ¢; 1, o).

An essential new feature appears as soon as
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we consider Lorentz transformations,

V' =LV, (6.2)
where
u v o u
L,=Ch———aSh—, (6.3)
2 v 2
22\ }
1-{—(1——-)
U c?
Ch—= :
2 22\ } AN T
(-2 [+(-5) ]
c? c?
u v/c
Sh—=

DT

represents an ordinary spinor transformation.

We have to note that the spinor transforma-
tion (6.2) destroys the standard form of our
solution. We have, therefore, after a spinor
transformation, to rearrange our solution by a
unitary transformation in order to reestablish
the standard form. Physically, this fact means
that the transformation properties of a fluctu-
ating quantity of second kind does not obey the
ordinary transformation laws under a Lorentz
transformation.

7. General Motion

We shall call a general motion a complete
set of orthogonal functions

®;= ¥psp;; Spi(l)=f‘i’p<1>,dr. (7.1)

The transformation coefficients are matrices of
four rows and columns, and depend explicitly
on time and form a unitary transformation. If
we decide to carry out summation on double
indices without mentioning explicitly the sign
of summation, they satisfy the conditions

gip'SPk:'aik; sP'i'£p=5p’p~ (72)

While in (7.1) W¥p represents a solution of
Dirac’s Eq. (3.1), ®; does not satisfy this equa-
tion. In general, it will be possible, however, to
find a function U depending explicitly on time
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in order to have ® satisfying an equation of the
type of (5.1).

C. THE PROPER FIELD OF AN ELECTRON
8. The Radiation Field

In order to account for the existence of
photons, which according to the phenomeno-
logical theory has not to be explained but has
simply to be taken as a postulate, we introduce
the operators

19

k=TT

7 00k

Ok, (8.1)

operating on eigenfunctions of the type
7
I‘=8Xp |:1/ Z(ﬂk'ek"*“g In 27!')], (82)
3

where the n’ can have any positive or negative
integer values including zero. If we want to
interpret the numbers 7y’ as numbers of photons,
we have to exclude all solutions (8.2) in which
all the values of #yx’ do not have the same sign.
We shall denote by #ny positive integer values
including zero.
If we denote by
Wy, = hwy/2m (8.3)

the energy of a photon corresponding to a wave
vector k, the eigenvalue problem of the radiation
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field becomes

d 2
(+——+— >k WiV )I‘=0-
o h

(8.4)

We have to attribute to the field energy the
same sign as to the energy of the particles we
want the field to interact with. We have, there-
fore, to introduce a scalar operator e¢ which
represents the sign of the electron charge, &=1.
We shall suppose ¢ to commute with Dirac’s
matrices. It is, for our considerations, an essential
fact that Dirac’s theory does not contain any
operator of the type required here. Phenomeno-
logical theory has, therefore, to introduce this
operator ad hoc, in an unsatisfactory way.

The solution of (8.4) may now be written

2 17
T'=exp [z Z{—}:nkwket—enkﬁk-l—a In ZWH. (8.5)
. ‘

The vector potential of the field will be
determined below. We note, however, that the
radiation field is described in classical theory by
a complete set of orthogonal functions

he

A=

Akuk, (86)

(7rwk

where Ay is a unit vector perpendicular to k,
determining the polarization of the plane wave.
ux has already been defined by (2.1). The
amplitude in (8.6) is normalized to correspond
to the energy of one photon wy.

9. The Interaction Energy

For the interaction energy we can use the usual expression, but we need to take care that only
clectrons and photons of the same energy sign interact with each other. The interaction energy

becomes
he
UlE)=2—¢Ax-a- 2 i{%(l—e)-[(Nk)%'eXp (10x) - ui™*+exp (—16k) * (Ni) - 2]
k Wy
+3(1+e) - [(N*)¥-exp (—i0x) - ux+exp (20x) - (Nie*) - a* ]}, (9.1)
The operators /N and v/N* can be expressed by a differentiation of the order %
1
VN=—D}; \/N*= D#, (9.2)
Vi —1
which is defined by
i)
D%en6=\/n.e"9; D§D§=_.

a0
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With the help of (9.2) the interaction energy (9.1) can be written

(. 7r
exp { ie—
=3 A he 4
Ule)=2 —e Ax-a- .

k § (2mewy)t L}

™
exp (ieﬁ)
hc 4

and we can consider

A=3 A { Dy} exp [te(kr —6y) ]+exp [ —ze(kr —6y) ]Dy}}

k § (27rwk) H L%

to be the vector potential operator of the field.

The wave equation of the complete system becomes

d 8 2w
{ ——+ce grad+—-+—U(e) —
ot Ak

and transforms under a Cartan transformation to

9 8 2w 2w _
{ ——+cagrad+———U(—¢)—— X wk‘Nk}<I>=0.
ot Ak h x

The functions ¥ and ® depend not only on the
clectron variables x, v, 2, t, @, 8, but also on the
field variables ¢, 6. The expressions (9.5) and
(9.6) account correctly for the relation between
electron and positron, while the usual interaction
term, together with Dirac’s filling up rule, does
not account in a correct way for the proper field
of an electron.

It can be objected, however, that our inter-
action term (9.3) is not in agreement with
experiments since it does not contain any rule
which permits the exclusion of spontaneous
radiation transitions between states of different
energy sign. This objection cannot be main-
tained. The quoted transitions occur only in
second order while we shall show here that (9.3)
applies only to non-relativistic first-order prob-
lems and that not only the interaction term, but
even the whole scheme of quantum field theory
has to be abandoned. The question of the quoted
radiative transitions does, therefore, not appear
explicitly in our considerations.

10. The Field Perturbation

We have now to solve, by an appropriate
method of approximation, Eq. (9.5), and we
must determine the average value of the ground

{Dy} exp [ze(kr—0y) ]+exp [ —te(kr—0,) 1D}}  (9.3)
(9.4)

2 Nyt ¥ 9.5
7%1015 k}‘I’—O (9.5)

(9.6)

state of the field (9.4). Supposing that no free
photons are present in the field and that the
electron has the momentum p, we can represent
the solution of (9.5) in first approximation by a
series which corresponds to states in which one
‘‘virtual”’ photon has been emitted,

V=Vp-exp (=Y 21In2m)+3 ¥,
p’k

271
-exp (—-};—ewkt—ieﬁk—z 1ln 27r)cpfk, (10.1)

where the coefficient matrices ¢, remain to be

determined.
Introducing (10.1)

immediately

into (9.5) we obtain

21 . dcprx
Z \I/p/ exp (-—h—ewkt—leak—z % In 27r) d
¢

'k

2w
=7U(e)\llp exp (—X % 1n 27)

and, with the help of relation (3.8)

27
exp (ie()k - 7€wkt)

X o U)W pdrdby.

delk 271 1

itk 2r

(10.2)
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In order to evaluate the relation (10.2), we
remember that we are interested only in small
values of momentum

h

—k<mec. (10.3)
27

p, P
The restriction (10.3) is due to the fact that we
cannot expect our method to give reliable
results as soon as the particle cannot be con-
sidered to be very heavy. We shall see later that
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our restriction limits our calculation of the proper
field of the electron to large distances of the
particle, >>A. For the present calculation, it
implies, however, a considerable simplification,
since we can put

po=po =mc

and since we can neglect all terms which are of
higher than first order in the momenta indicated
in (10.3). One verifies easily that

dcprk ehc 2
= j (——~ewkt)‘l/p'ot‘11 eiekrdr
dt h (2mwwr)? L§
27t ehc Ay

) 27 ! 27
=—— — exp [—l(ﬁmﬂ—}—ewk)t]' (1 +lp_)a(1 ——'E—) } exp (—:Bmc%)
h (2mwr)t L} h 2mc 2mc h

271 271
(——261%62:) —Z—Ep’—i—p—{—z(o)(p —p)Jexp (——h—ewkt) }, (10.4)

h
p—p'+e—k=0
2w

2wt ehc Akl
B h (2mewr)t L3
with
and, finally,
ehc A -8 271
Cprk= -———‘ exp [——(2,67}162 —ewk)t] —
(2mrwrL3)} 2mc? h

I¢] h 2w
Ak[2p+1(0><€“‘“k)] exp ( ————~ewkt) }
2mcew;, 2 h

(10.5)

11. The Average Value of the Field

We now have to calculate the average value of the field (9.4),

1_
A=
L3

TAVd0.

(11.1)

We observe that the field A depends on coordinates r in space while the functions ¥ depend on the

electron coordinates, which in this paragraph shall be denoted by capital letters R. The average

field depends, therefore, on time, on the coordinates r and R, and on the variables ¢, «, and 8.
Introducing in (11.1) the respective values from (9.4) and (10.1), we find

he
A,
(27w;)t L1

1_
—A=Y
L3 k

1 T
{cp'k\l/p exp (’Lekr—-——ewkt Yo+, exp ( —¢ekr+—h—ewkt) Wy Cpr k}

In our approximation, the functions ¥ can be replaced, a part from a factor L%, directly by the

respective exponentials,

27

_ he 1(. 27t 2w
A= Z Ak '——le/k exp [———};—ewkt-F——(p p’)R+1,ekr]+exp [—h—ewkt—_(p p’)R—zekr] Cplk],

k(27w L}

where we introduce the values of the coefficients ¢, found in (10.5). The result of the calculation is

K =A0+A¢+Aa

(11.2)
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with
Rt agp . _
=Z+e akﬁ{ezek(r—R)_{_e—wek(r—R)}, (11.3)
k 2wl mcews
h2c? J¢] i h ' A
A= —¢ Akl(ﬂ Xie~—k)Ak] {eiek (r—R) _ gmiek(r—R) } (11.4)
k 2w L® 2micews 27
h2c? 27 Aia Ax 271 .
A=Y —e¢ {exp ( ———Zﬁmczt)Akﬁ elek(—R) LA 8 exp (——*—Zﬂmc%)e—““('“m l (11.5)
k 2w L? h 2mc? 2mc? h

12. The Summation of the Series

The series (11.3), (11.4), and (11.5) can be evaluated. We note that the summation has to be
carried out not only on the wave vector k, but also on both directions of polarization. One veri-

fies easily the following relations

k2 ki,
S A=l -, S A A= ——; (12.1)
k2 k?
1 47 1 N 1 272 1 N q (1 Z47r ik . (12.2)
e — —eikr, = —— —gikr, ra — = — —ekr, etc. .
r kL3 k2  x L3k 8 r) x L3 k?
With the help of (12.1) and (12.2), we find immediately
v 1 v(r—R)
Av—fee L —— 3 grad—], (12.3)
c|r—R| c|r—R|
(eXr—R)
A, =eufp— -, (12.4)
|[r—R|[?
u @ a(r—R) e(r—R) 2w
a=—{ ——gra ) ( g[‘a )‘ exp (——267’”6%), (125)
rl\|r—R|? |[r—R|? [r- R|2 [r—R|? b

with

)
c mc

13. The Proper Field of the Electron

We now have to interpret the expressions
(12.3), (12.4), and (12.5). Since the velocity of
an electron corresponding to our standard solu-
tion (3.3) is equal to —fBv, A, corresponds
directly to the magnetic field because of the
translation of the Coulomb field

e
€ .
=Y

The gradient in the vector potential (12.3) does
not contribute to the magnetic field and has no
physical signification.

do= (13.1)

Xr—R
Aa=enﬁ(“ )

W (13.2)

w=

41rmc

represents the vector potential of the magnetic
spin field of the electron.

The last field vanishes, since 8 anticommutes
with e

A.=0. (13.3)

The proper field of the electron consists, there-
fore, in our approximation of two parts which
belong to the charge and to the magnetic moment
of the electron. It obeys Maxwell's equations
and accounts correctly for electrostatic and
magnetostatic phenomena.

The field A, is of second kind. It corresponds
to excitations of the field due to virtual pair
production. Its average value vanishes. Still,
we know that this field plays an important part.
Mr. Jean Pirenne has made a thorough investi-
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gation about the way in which the field A,
contributes to the interaction of electrons. He
finds, in agreement with (13.3), that no contri-
butions to interaction result at finite distances.
Still, the field A, gives rise to interaction terms
between electrons and positrons at very small
distances. These interaction terms are of the
order of spin-spin interaction and can be inter-
preted as forces of the Heisenberg and Majorana
type between unlike particles.?

14. Thibaud’s Experiment

The next task is to investigate the terms of
higher order of the electron field. The higher
order terms which have been calculated! are
rather complicated and no longer obey Maxwell’s
equations. If we want to attribute a physical
~meaning to them, electrodynamics becomes an
open scheme which does not longer permit any
theoretical predictions. If the difficulties con-
cerning the transformation properties of static
fields are due to deviations of Maxwell’s theory,
the question arises whether or not Maxwell’s
theory represents a complete description of the
electromagnetic field in vacuum.

Owing to Professor Jean Thibaud’s kind
interest in the problem, it has been possible to
examine this question from the experimental
point of view. Let us suppose that a small
fraction of the electromagnetic field is not
described by a wvector potential but by an
antisymmetric tensor potential, as some of our
quoted calculations indicated. It can be easily
shown that such a potential corresponds to the
existence of longitudinal photons of very high
penetrating power which could, however, be
detected if their wave-length approaches Comp-
ton’s wave-length. Professor Thibaud examined
the radiation due to electron impacts under a
voltage of about 280 kv. The penetrating power
of the radiation has been studied with a thick
layer of lead, up to 140 mm.: The result was nega-
tive; no indications for longitudinal photons were
found; the penetrating part of the radiation corre-

3 Jean Pirenne, Theése, Lyon (1941). The author has no
possibility of knowing at present whether or not this paper
has been published in the meantime. See, however,
Cabhiers de physique 4, 1, 6 (1941).

*One part of these calculations has been made by
Mr. S. Hoxter.
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sponded exactly to the known cosmic radiation.’

We concluded from Thibaud’s results that the
origin of the fundamental difficulties concerning
the transformation properties of static fields is
not the electromagnetic part of the problem and
has to be searched for elsewhere.

15. Conclusions

The following conclusions can be drawn from
the first part of this paper:

1. Elementary electrostatic facts lead to a
consistent mathematical scheme which can be
applied to Dirac’s theory.

2. The phenomenological scheme of quantum
field theory is not appropriate to our problem
and has to be abandoned.

3. The proper field of the electron depends
essentially on the character of the electron.

4. No progress of the theory is possible with-
out a careful study of the kinematical behavior of
the electron character according to Dirac’s theory.

That study shall be communicated in the
second part of this paper.
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