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One part of the curve is red, another green, another 
purple, some are of mixed shades ; indicating that 
the colour of the image (which is normally time
integrated by the eye, as in Newton's 'colour disk') 
is differentiated out into a constantly varying colour 
sequence. With a pair of light red filter-glasses placed 
in front of the eye-lenses, the star is seen to go right 
out about thirty times a second, the circle of light 
now being discontinuous and composed of red arcs 
separated by dark spaces. Frequency may be estim
ated roughly by comparison with a mains-run neon 
lamp placed in the same field of view. These colour 
changes decrease with increasing altitude, but on 
frosty nights when the 'seeing' is poor, they can be 
seen even in bright stars near the zenith. If we turn 
next to Saturn, which at the time of writing is readily 
observable at the same altitude as Sirius, we find that 
the colours are entirely absent--the 'time-base' ring 
of light is quite uniform both in colo~ (a pale yellow) 
and intensity. 

It seems very desirable, from the astronomical 
point of view, that the physical characteristics of 
these colour variations in star images should be 
investigated in greater detail, especially in regard to 
their dependence upon meteorological conditions and 
upon telescope aperture. One method which suggests 
itself is to direct the converging beam through a narrow 
band-pass filter before it reaches the principal focus 
of the telescope and there to receive it in a multiplier 
photocell. If the main beam were interrupted at a 
suitable frequency and the cell output displayed on 
the time-base of a cathode-ray tube, the fluctuations 
of intensity could be measured in light of different 
colours. 

Seeking a physical explanation for these effects, 
it seems clear that the foci for the various wave
lengths must be oscillating rapidly in and out along 
the line of sight. This must arise from the inter
position in the parallel beam of starlight of weak 
atmospheric 'lenses'-some effectively converging, 
some diverging-forming and dissolving at a fre
quency of perhaps thirty times a second. It seems 
likely that these air lenses are identical with the 
moving strioo which have been postulated by R. W. 
Wood and others to account for scintillation and 
'shadow-bands'. Chromatic aberration will be 
inherent in such lenses and will bring different colours 
to separate foci. As the lenses 'bulge in and out' 
and change their power, these colour foci may be 
expected to oscillate backwards and forwards in the 
line of sight. Visible scintillations probably arise 
from occasional abnormally large oscillations of this 
type. Finally: Do 'monochromatic' stars, like 
Antares, appear to scintillate more noticeably than 
white ones, like Sirius ? 

M. A. ELLISON 
Royal Observatory, 

Edinburgh 9. 

THE following observation seems to show that any 
physiological component1 in the twinkling of the 
brighter stars is negligible compared with the 
physical. If half of a 1 cm. x 2 cm. rectangular 
hole in a sheet of cardboard is covered with a prism 
deviating light through about 7°, its apex towards 
the middle of the hole, an observer about 50 cm. 
behind the hole can place himself so that he sees 
one star through both halves of the hole, light from 
the uncovered ha.If passing straight to one eye, light 
from the covered half being deviated by the prism 

to the other eye. If now the observer (assumed 
emmetropic) puts on -2D spectacles and converges 
his eyes to the hole, he sees two well-focused images 
which, if of a bright and twinkling star, can easily 
be seen to twinkle almost exactly synchronously. 

This is what is to be expected on R. W. Wood's 
explanation of twinkling, if the bright and dim bands 
in which a star is at any instant illuminating the 
earth's surface are of a size greater than about 1 cm., 
the distance between the rays passing from the star 
to the eyes in my observation. That they are so can 
be observed directly : if the eye is placed at the 
image of a star in a large convex lens, these irregular 
bands of light and darkness can be seen flitting 
across the lens. They are a.bout 2-10 cm. in width. 

Any physiological explanation of synchronous 
twinkling in this observation would necessarily apply 
also if the images seen in the two halves of the hole 
were not of the same star but of different stars of 
the same magnitude. This alteration can be achieved 
by removing the prism and suitably adjusting the 
distance and position of the hole ; and it is then 
seen that the twinkling of the two images is not 
synchronous. 

G. s. BRINDLEY 
London Hospital Medical College, 

Turner Street, London, E.1. 
1 Hartridge, H., Nature, 164, 999 (1949), and 165, 146 (1950). 

BEFORE replying to the above letters there is one 
point which seems to require elucidation, namely, 
the exact meaning of the word 'scintillation'. Mr. 
Weale and myself, following the lead of Prof. R. W. 
W?od, limit it to two alterations only, namely, 
brightness changes and colour changes, and this fa.ct 
we tried to make clear in our first letter to Nature. 
But it is obvious from many personal letters which 
we have received that some other people use the 
word in a much broader sense, and include such 
things as the apparent oscillatory movements of a 
star image at right angles to the line of sight B,S seen 
through an astronomical telescope, or the changes of 
focus which a.re also sometimes observed. "Scin
tillations can be photographed" they write. Further 
inquiry shows that they are usually referring to these 
oscillatory movements, and changes of focus, but 
sometimes they are also referring tb alterations of 
shape, size and total brightness. 

I am very grateful to Prof. M. Minnaert for the 
two references which he has given in his letter. 
Previously the only one known to me was "Physical 
Optics", by Prof. R. W. Wood. Here are some 
comments on the points which Prof. Minnaert raises. 

(I) The statement that the movements of star 
images are too small to be visible to the naked eye 
surprises me. While average star-image displace
ments usually have values of 3", exceptional ones, I 
understand, may have values as large as 10" or even 
15". If, then, two neighbouring stars are moving 
towards, or away from one another, their relative 
angular displacements of 20-30" should be visible 
to the naked eye of an observer who has good visual 
acuity for detail. Thus if the entire sky were filled 
with stars undergoing such displacements, it would 
superficially resemble Brownian movement, as I 
suggested in my first letter. 

(2) If I am under a misapprehension, as Prof. 
Minnaert suggests, when I expect the stars to make 
greater apparent movements in the direction of the 
wind, perhaps I may briefly state the reasons for that 


	Royal Observatory, Edinburgh 9.



