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W. Heitler, "The quantum theory of radiation”, p.113, 3 edition, Oxford
University 1954
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We shall treat the polarization of the vacuum in detail in § 32, but

the qualitative consequences are easily seen: A constant field merely
Jeads to a constant polarization. The polarizability is field independent
and thus all charges are changed by a universal constant factor (the
‘dielectric constant’ of the vacuum). Since there is no way of experi-
menting in an ‘ideal vacunm’ where this polarizability is absent, this

effect is unobservable in principle (although the polarizability turns out
to be infinite owing to the infinite number of pairs which contribute).
An inhomogeneous field creates, in addition, a non-uniform polarization
whose effects are observable (and finite). For example, an additional
light wave will be scattered by the polarization dipoles, i.e. in the
Coulomb field. Similarly, two light waves will be scattered by each
other (§ 32).
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Victor S. Weisskopf: Kongelige Danske Videnskabernes Selskab,
Mathematisk-fysiske Meddelelser XIV, No.6, (1936)

2- .
3.- A spatially and temporally constant and field independent electric and
magnetic polarizability of the vacuum

These quantities relate to the field free vacuum.
It can be taken as self-evident that they can have no physical meaning.
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* Warning

Springer Tracts in Modern Physics
166

Crel = ,r_n W. Dittrich

H.Gies

are not necessarily equivalent!

K. Scharnhorst, Phys. Lett. B 236, 354(1990) g:oal::‘ugn:':,eacuum

Perturbative

. . . Effective Action Approach
e  We think of the vacuum as a dielectric and inQuantumElectﬁ,’;ynamks

diamagnetic medium and its Application

D=egE+P=Pe+P
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derive €q, 4o from properties of the vacuum
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dipole moment
polarization =

volume of dipole

r

virtual positron — virtual electron

Photon 2013, Paris 21 may 2013
Friday, May 24, 13



2 239
e BE — eth

rel

(d) = e(z) =

2m3e

2
mw

Transient

- hwo = 2mc, creation of the dipole
X
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Critical dc electric field strength

Photon 2013, Paris 21 may 2013
Friday, May 24, 13

Bohr (before 1931), Sauter 1931, Schwinger 1951




Mass drops out!

e N T
(udcsthb) *3

all'types of elementary
particles contribute?
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Vacuum impedance determines the power radiated by a dipole

o of d *r
P=ew X gZ@
Zo = 376.7 Ohms
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aal = Eau — 137.04

Ugaey  Du>sscev  128.05%2.5
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J. Schwinger,

criticism of this simple model Phys. Rev. 82, 664 (1951)

- model not Lorentz invariant

— —>2

Lorentz invariant quantities: E*-H? . E - H
are both zero for a plane wave
—> Nno pair production

_ - in general
FEIReEL: Y no pair production possible
for plane wave
(momentum conservation)

positronium
-

not yet observed
in vacuum

—>but dc field okay

boundary between dc and
low frequency?
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Conclusions

* Our simple model predicts a finite number of charged elementary particles
and that it relates this number to low-energy properties of the
electromagnetic field

* The value predicted by the model 1s determined by the relative properties
of the electric and magnetic interaction of light with the quantum vacuum
and is independent of the number of elementary particles.

* We have shown an intimate relationship between the properties of the
quantum vacuum and the constants in Maxwell's equations.

Photon 2013, Paris 21 may 2013
Friday, May 24, 13



