
improvement of our theoretical knowledge of the phenomena
with which we are confronted. �

About the authors
Michaël Sarrazin is scientific collaborator at the University of
Namur (FUNDP), Belgium. He also teaches physical sciences at
the Cours Notre-Dame des Anges in Belfort, France. He re-
ceived his PhD in physics from the University of Franche-
Comté, France (2002). His main research interests are in
theoretical study of electrodynamics in various situations and
dimensionalities. 
Jean-Pol Vigneron is professor of Physics at the University of
Namur (FUNDP), Belgium. His main interest lies in the field of
surface electrodynamics and photonics, with an emphasize on
the inverse engineering of natural photonic nanostructures.

References
[1] R. W. Wood, Phil. Mag. 4, 396 (1902). R. W. Wood, Phys. Rev. 48, 928

(1935)

[2] Lord Rayleigh, Proc. Roy. Soc. (London) A79, 399 (1907)

[3] U. Fano, Ann. Phys. 32, 393 (1938). U. Fano, Phys. Rev. 124, 1866
(1961)

[4] A. Hessel and A.A. Oliner, Appl. Opt. 4, 1275 (1965)

[5] D. Maystre, M. Nevière, J. Opt. 8, 165 (1977)

[6] M. Nevière, D. Maystre, and P. Vincent, J. Opt. 8, 231 (1977)

[7] T.W. Ebbesen, H.J. Lezec, H.F. Ghaemi, T. Thio, and P.A. Wolff, Nature
London 391, 667 (1998)

[8] Q. Cao and Ph. Lalanne, Phys. Rev. Lett. 88, 057403 (2002)

[9] H. J. Lezec and T. Thio, Opt. Express 12, 3629 (2004)

[10] M. Sarrazin, J-P. Vigneron, J-M. Vigoureux, Phys. Rev. B 67, 085415
(2003)

[11] C. Genet, M. P. van Exter, and J. P. Woerdman, Opt. Commun. 225,
331 (2003)

[12] W.L. Barnes, W.A. Murray, J. Dintinger, E. Devaux, and T.W. Ebbesen,
Phys. Rev. Lett. 92, 107401 (2004)

[13] M. Sarrazin, J-P. Vigneron, Phys. Rev. E 68, 016603 (2003)

[14] M. Sarrazin, J-P. Vigneron, Phys. Rev. B 71, 075404 (2005)

europhysicsnews

features

The setting sun plays a few tricks that any physicist will
appreciate. One of these is well known: the sun appears

unusually red when setting. It is the 1/λ4 dependence of
Rayleigh scattering which selectively removes the blue end of the
spectrum from the transmitted light.

Less well-known is the fact that the sun is not where it seems
to be, during sunset. In fact, it may be behind the horizon while
we still see it. We are not talking here about the finite speed of
light, which makes us see the sun about 8 minutes late. We are
talking about the refraction of the sunlight due to the vertical
gradient in the index of refraction, which in turn is caused by
the density gradient. If we ignore temperature gradients for a
second, the density decreases with height due to the decreasing
atmospheric pressure, by a little over 1% for every 100 meter,
i.e., n-1(dn/dz) ≈ 1x10-4. As a result, the light rays are bent down-
ward, in the direction of the earth’s curvature. This may be seen
as the inverse of the well-known ‘highway mirage’, the apparent
pools lying across the pavement when the sun shines.

Granted: temperature effects can be larger than the baro-
metric pressure effects, which is easily seen if we realize that, for
constant pressure, we have n-1(dn/dz) = -T-1(dT/dz). But let
us look at what happens if temperature gradients are negligi-
ble, or – even nicer – if temperature increases with altitude.
Then the temperature effect – if any - adds to the baro-
metric pressure effect. Now the light rays tend to fol-
low the earth’s curvature, which makes us see the sun
just after sunset. This effect occurs both at sunrise

and at sunset, and adds an extra 5 minutes of daylight to each
day. Note that the finite-speed effect mentioned above does not
do that; it just gives an 8-minute offset throughout the day.

Since bending of light rays in the atmosphere is stronger for
lower-lying rays, there is a second phenomenon: the sun ap-
pears to be flattened by about 10%. The fact that we do not al-
ways notice this is due to the competing effect of temperature.

Finally, there is the somewhat mysterious ‘green flash’ that
people sometimes observe at the moment of sunset. It lasts only
for a few seconds, and requires somewhat favourable atmos-
pheric conditions. Why green, and why only for a few seconds?
There are a few things here that we have to combine. First the
refraction, which makes us see sunlight after the actual sunset.
Due to dispersion this effect is strongest for the blue end of the
visible spectrum. This means that we expect blue to be visible
longest, while the red end of the spectrum has long disap-

peared. But blue light is almost absent in the setting
sun, as seen above. The result is that the last flash
of sunlight is dominated by green.

The green flash: a last good-bye from the
setting sun. But at least a good-bye in style. �
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