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Since more than 100 years ago, the Morpho bﬁtterﬂies of South America have
attracted interests because of their brilliant meta]]ic blue wings. The blue luster is
produced by a transparent protein in the cuticle of the butterfly's scales. The origiﬁ of
the coloration is then not pigment but rather the interference effect of light scattered
from microscopic structures. The structural color is not affected by longtime chemical

| change, and the color does not fade even after 100 years.

The interference also explains the high reflectivity of the blue coloration. The
principle of this coloration was then simply considered due to a grating or multilayer
structure for longtime. In fact, the analysis of origin of the blue coloration attracted the
attention of researchers as well, and seems to be a history shot w1th big sciéntists
(A.A Michelson (1911) Phil.Mag.21, p.554; Lord Rayleigh (1918) Phil.Mag. 37, p.98).
After the electron microscope caught clearly the microscopic structure of the scale, the
traditional dogma on the origin of the metallic blue has been accounted to be proved.

However, the optiéal characteristics of the scattered light cannot be explained by a
grating or multilayer, and the traditional dogma is faced with a serious mystefyi the
color is independent of the observation angle (i.e. it appears blue for wide angle more
than +40 degrees from the top). This nature of lack of rainbow-coloration contradicts
the essential properties of interference, which was remained unnoticed for many years.

This mysterious feature has recently been explained by a peculiar optical structure
that includes "discrete" multilayers [1]. This model can totally explain the specific
characteristics of the Morpho blue: hot brilliant blue in broad angular range, high
reflectance, speckle aspect, slight change of the color tone into violet phase at a grazing
observation angle, and one-dimensional anisotropy of the brilliance.

As shown in figures 1 and 2, the essence of the blue can be summarized in five
principles. In these figures, scanning electron microscopy (SEM) images of the wing
scale from the typical Morpho butterfly (Morpho Didius) are shown on the left, while
schematic model depicting their function are shown on the right. The red numbers in
these two figures correspond to the .following five principles:

1. A discrete multilayer composed of alternative layers of high and low refractive index is
origin of the blue. The blue coloration is produced by interference in a single discrete
multilayer.

2. Blue light is diffracted into a wide ang'ular range because of a limited size of the scatterer.

The width of each discrete piece must be in the order of a wavelength.






