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LEITERS TO THE EDITORS 
The E~it;rrs do not hold therruJelves responsible 
for opt:"tD1!'8 expressed by their correspondents. 
No not~ce ~ taken of anonymous communications 

Blue Sun and Moon 
ALTHOUGH the blue sun and moon are noteworthy 

phenomena, the physical origin of the colour does 
not appear to be well known. While, therefore the 
following explanation is presumably neither novei nor 
complete, it may interest those who wish for "the 
vivid colouring of a physical illustration". 

The cause of the sun appearing red has long been 
kno~ to be ~ue to the preferential scattering of 
blue hght relattve to red by dust particles and to 
small-scale fluctuations in refractive index in the 
atmosphere. Rayleigh showed that for particles of 
any given ~ize much. s~alle_r ~han the wave-length, 
the scattermg of radtatwn ts mversely proportional 
to t~e fourth power of the wave-length ; thus, for 
part10les of less than 0 ·1 micron in diameter, light 
of wave-length 4000 A. would be scattered nine 
trmes more effectively than light of wave-length 
7000 ~· For the sun to appear blue, the relative 
ma~mtudes of sc.attering must be opposite to those 
whtc~ _the Rayle~gh theory predicts. This opposite 
condi~w~ can. ar~se when ~he particles do not obey 
Rayleigh s cnterwn of bemg small compared with 
the wave-length. 
. The theory . of scattering of electromagnetic radia

tiOn by sphencal particles above the Rayleigh limit 
was first worked out by Miel, and extensive com
putations hav~ since been made, by several workers, 
of the scattermg under different conditions. Fig. 1 
shows, for example, a curve derived by a method 
due to van de Hulst' of the variation with wave
length of, the. 'ex_tin~t~on' produced by a dielectric 
sphere. Extmctwn ts defined as the ratio of the 
effe~tive cross-section over which radiation is stopped 
or <_liverted by a body to the geometrical cross-section 
which the body presents to the incident radiation. 

A qualitative explanation of the main features of 
the curve can be given without going into detailed 
~heory, and for. this purpose the curve may be divided 
mt<;> three regwns. The first (A) is the Rayleigh 
re~wn, where the particle radius r is small compared 
wtth the wave-length A, and the curve from the origin 
?beys the fourth-power Jaw. The third region (0) 
IS where the sphere is much larger than the wave
length ; _here it can be ~hown that not only does the 
sphere dtvert by refractiOn or reflexion all the radia
tion that falls upon it, but that it also diverts an 
~qual amoun~ by diffraction in the region around 
I~s edges .. Th1s fact, of ~hich Walton•, for example, 
gtves a stmple explanatiOn, produces an extinction 
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}'ig. 1. Theo~etical.extinction of radiation of wave-length .:! pro
duced by a dielectnc sphere of radius r, and refractive index l·f> 

0·9 

... 
1 0•8 

0·7 

6 10 15 
2nr/). 

Fig. 2. Observed variation of (1 - transmission) with 2m/;. for 
lllaso spheres of radius 3 ·5 microns and refractive index 1·5 

value of 2 instead of I ; this value is constant for 
all wave-lengths small compared with the sphere. 

In the intermediate region B, the Mie theory shows 
~ev~ral pea~s. These ag_ain c~mld be expected qual
tt';ttively, smce the partiCle stze is here comparable 
With the wave-length, and resonances might occur 
the fundamental being presumably the strongest. It 
is well knoWn. that in resonance the resonator 
effectively absorbs and re-ernits radiation from a 
cross-section which may be several times its geo
metrical cross-section, and since the re-emission 
occurs in all directions, nearly all this radiation is 
effectively diverted from its original direction. The 
effective cross-section might therefore be expected 
to reach maxima at a series of values corresponding 
t<? the resonance~, giving the form of curve pre
diCted by the Mw theory. This form of curve is 
confirmed by observations on the scattering of infra
red _radiation by small glass spheres•. Fig. 2 shows a 
typical observed curve for glass spheres of diameter 
7 microns. The transmission of a screen consisting 
of a monolayer of many separate particles was actu
ally observed; and (1- transmission), which should 
be directly proportional to the extinction produced 
by a single particle, was plotted against 2rujA. 

The form of the intermediate region in Fig. 1 will 
account for the blue sun. Wherever the extinction 
curve is rising, light of longer wave-length will be 
~cattere~ less tha~ that of shorter wave-length, as 
m Rayletgh scattermg ; but wherever the extinction 
curve is falling, the opposite will be true. In order, 
therefore, for red light from the sun to be scattered 
more than blue light, the atmosphere must contain 
a large number of particles of greater size than usual 
a_nd those particles must be grouped in a narro~ 
stze-range, corresponding to such a region as bb'. 
A typical diameter would be 1·7 microns for particles 
of refractive index 1·3, and 1 micron for refractive 
inde~ 1·5: Such conditions occur only rarely and 
reqmre either a large-scale liberation of uniform 
particles of suitable size into the atmosphere, or 
(more probably) the separation by some atmospheric 
process of particles in the suitable size-range from a 
cloud of particles of random size. A corollary to the 
blue sun is that the sky might at the same time appear 
pink instead of blue. 

WILLIAM PAUL 

R. v. JONES 

Department of Natural Philosophy, 
University of Aberdeen. July 30. [See alsop. 545.] 
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