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THIS note is prompted by certain recent articles 1_3 on this 
subject which ignore an important aspect of the propaga

tion of light through matter. Because of this omission, the con
clusions of these authors are of little or no value. The aspect 
involved, which is the extinction of the primary radiation and 
its replacement by secondary radiation scattered in the forward 
direction by the electrons of the medium, is vital to any experi
mental argument for or against the constancy of the velocity 
of light. 

We are not concerned here with experiments of the Michelson-
Morley type, which have conclusively disposed of the ether.4 We 
are concerned rather with experiments which are meant to decide 
between Einstein's special theory of relativity (c is independent 
of the relative velocity of source and observer) and Ritz's emission 
theory (c is additive with the relative velocity of the source with 
respect to the observer). I have discussed5 the arguments in 
favor of the former and against the latter. The number of decisive 
experiments is not large. Of these, one of the most important types 
is the measurement of the velocity of radiation from a moving 
source. 

In interpreting experiments of this sort, the question immedi
ately arises: what happens to the velocity of radiation from a 
moving source if the radiation traverses intervening matter which 
is stationary relative to the observer? According to our basic 
ideas of dispersion theory it suffers repeated forward scattering. 
Then if Ritz's theory is accepted for the sake of argument, there 
are two possibilities: (1) The velocity of the radiation is unchanged 
when it is scattered, or (2) The velocity of the scattered radiation 
is c relative to the scattering medium. (Intermediate possibilities 
seem unattractive and have not been seriously proposed). On 
the first assumption, which was that of Ritz, the well-known 
argument of DeSitter about the observed zero eccentricities of the 
orbits of many distant binary stars gives a conclusive verdict 
against the emission theory. There is no need to consider it 
further. On the second assumption, a modified Ritz theory which 
seems more natural,5'6 we must then ask whether the amount of 
matter traversed is enough to reduce the velocity of all the 
radiation to c with respect to the medium. 
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This brings us to the extinction theorem of Ewald and Oseen7 

and the problem of estimating the extinction distance. Strong 
theoretical8,9 and experimental8 arguments have been adduced 
which show that the 1/e distance for the transformation of the 
amplitude is λ/(n — l) where λ is the wavelength and n the index 
of refraction. The corresponding distance for transformation of 
the energy is then λ/2(n —1). For visible light in air at sea-level 
pressure this distance is about 0.2 mm. Thus the experiment of 
Záhejsky and Kolesnikov1 proves nothing about the modified 
emission theory (assumption 2 above) since it was done in air at 
atmospheric pressure. In the experiment of Waddoups el al.3 

the residual pressure in the evacuated equipment was 2.6X10 -4 

atm. Therefore the extinction distance for 7000-Å light was 77 cm. 
The significant light path in the experiment was 1 m. Thus the 
flux of the primary wave was reduced to e-1/0.77 or about \ of its 
initial value while the remaining 75% was forward-scattered flux 
which traveled part of its path at the speed c. This strongly 
affected the fringe shift expected on the emission theory but its 
effect was not calculated (indeed it is difficult to do) so this 
experiment is of little value in deciding between Einstein and Ritz. 

The extinction distance in interstellar space is about one light 
year5 so, on the modified emission theory, light from distant stars 
has, during most of its travel, a velocity of c with respect to the 
interstellar medium and not with respect to the star. Thus the 
argument of Aleksandrov2 breaks down for the same reason as 
the argument of DeSitter.5 

It is, apparently, not always realized1,10 that very serious 
doubt was cast on the experiment of Kantor11 (who claimed an 
effect of a moving solid medium on the speed of light in air) by 
White and Alpher.12 They applied extinction arguments of the 
type outlined above even before the repetition of Kantor's 
experiment by Babcock and Bergman13 in both air and vacuum 
yielded a negative result. 

I t should also be clear that the phenomenon of extinction and 
the associated extinction distance make irrelevant other experi
ments done in air or in an insufficient vacuum such as the 
experiment of James and Sternberg.14 

There is one fairly recent experiment with light in a vacuum 
with negligible extinction whose result is significant: Beckmann 
and Mandics15 obtained a null result for the fringe shift from a 
Lloyd interferometer using light which had been reflected from a 
moving mirror. Unfortunately a fixed slit was located between the 
moving mirror and the Lloyd mirror for an unspecified fraction 
of their data. This arrangement suffers from the same criticism5 

as that of Ritz. However, all of their data contradicted the 
emission theory and some of it was free from this criticism, so the 
results are meaningful. 

The whole history of this matter of proving the constancy of 
c has involved an unusually large number of errors. There may be 
more but it seems that at least we now understand the role of 
extinction. Good evidence, all of recent date, now exists.8,9,13,15 

It is to be hoped that time will not be wasted in future on addi
tional experiments or arguments which are nullified by extinction. 

1 J. Záhejsky, and V. Kolesnikov. Nature 212, 1227 (1966). 
2 E. B. Aleksandrov, Soviet Astronomy 9, 519 (1965). 
3 R. O. Waddoups, W. F. Edwards, and J. J. Merrill, J. Opt. Soc Am. 

55, 142 (1965). 
* T. C. Jaseja, A. Javan, J. Murray, and C. H. Townes, Phys. Rev. 133. 

A1221 (1964). 
5 J. G. Fox, Am. J. Phys. 33, 1 (1965). 
6 W. Pauli, Theory of Relativity (Pergamon Press, New York, 1958), 

p. 6. 
7 M. Born and E. Wolf, Principles of Optics (Pergamon Press, New York, 

19591. pp. 70 and 100. 
8 T. A. Filippas and J. G. Fox, Phys. Rev. 135, B1071 (1964). 
9 T. Aivager, J. M. Bailey, F. J. M. Farley. J. Kjellman, and I. Wallin, 

Arkiv. Fys. 31, 145 (1966). Alternatively for an abbreviated account, 
see same authors, Phys. Letters 12, 260 (1964). 

10 V. Vysin, Phys. Letters 8, 36 (1964). 
11 W. Kantor. J. Opt. Soc. Am. 52, 978 (1962). 
12 D. R. While and R. A. Alpher, J. Opt. Soc. Am. 53, 760 (1963). 
13 G. C. Babcock and T. G. Bergman, J. Opt. Soc. Am. 54, 147 (1964). 
l4 J. F. James and T. S. Sternberg, Nature 197, 1192 (1963). 15 P. Beckmann and P. Mandics, J. Res. Natl. Bur. Stds. (U. S.) 69D, 

623 (1965). 


