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ABSTRACT: The present work describes the growth of a particular species(Uno) of molluscan shell in terms of moving vectors which ultimately give rise
to phasor diagram similar to a Cornu’s spiral in optics. The appearance of the so called Fibonacci numbers in molluscan shells has been identified.
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1. Introduction:

Sea shells and molluscan shells have attracted the
attention of researchers for many interesting physical
phenomena exhibited by these naturally occurring objects.
The materials of the molluscan shells present different
appearances at different cases. It is hard, and white in
shark, translucent in window pane oyster and beautifully
lustrous and iridescent in mother of pearl. Little is known of
the process of calcium carbonate formation and
crystallization in the molluscan shells. Nature has numerous
examples that suggest that biological synthesis might be in
many ways superior to conventional synthesis of materials
by human beings. The shell of a molluscan built out of
calcium carbonate has 3000 times higher fracture
resistance than crystals of calcium carbonate. Shell growth
involves increase in both area and thickness. Area increase
is a function of increase of mantle and increase in thickness
relates to the deposition of calcium carbonate and organic
matrix. The reference points of all analyses of Bivalve shell
growth are the “umbones”; the oldest part of the shell,
situated more or less anteriorly above the hinge line. It is to
be noted that many shells display concentric rings
surrounding the “umbones” and they are known as growth
lines. Most shells are not symmetrical about a line vertically
downward from the “umbone”. The majority of bivalves
contain chromo proteins associated with the conchiolin of
the bivalves and many of the melaninoid pigments may owe
their origin to the biochemical activities associated with the
quinine tanning of conchiolin. Several decades ago Raman
and his coworkers™® investigated experimentally various
optical properties like iridescence and geometrical forms
associated with shells. According to Raman the differences
in optical properties are due to the atomic structure of the
materials. Raman was particularly interested in the
geometrical form of shells and carving of their external
surfaces. While one may not know yet whether the beautiful
patterns on the shell surfaces have a functional role one is
at present time at least able to explain how such patterns
could arise. As in the case of Leisegang precipitation®’, it
appears that certain nonlinearities called into play during
cell growth are the controlling factors. Meinhart and
Klingler® have succeeded in simulating many of the
observed shell pattern using a suitable non-linear reaction
diffusion model. In the bio-mineralization field, the
molluscan shell is one of the best studied of all calcium
carbonate bio-minerals. Particular attention has been given
to organic matrix”*®. The nacreous layer of Molluscan shell

has been studied extensively for several decades,
particularly with X-ray and electron microscope technique.
This work has been largely successful in describing
microstructure of nacre***®. The mechanism of growth of
nacreous layer is complex and is not completely understood
in spite of investigation of several decades. It was Kitano
and Hood" who first showed that aragonite is the most
favorable phase of calcium carbonate (CaCO;) to nucleate
in sea water supersaturated with respect to that mineral.
The submicroscopic structure of the conchiolin of the
prisms in Molluscan shells has been extensively studied
several decades ago by Gregoire®. It was established that
the inorganic part of a prism is made up of calcite crystals
piled one upon the other, the pile being wrapped into a
conchiolin sheath built upon a fabrillar structure covered by
a very dense protein component. The active role of proteins
in bio-mineralization is a fundamental issue and it has been
described by several workers® #. It represents a source of
inspiration for nanotechnology. The “brick and mortar”
ordering of nacre (mother of pearl,) has already inspired the
toughening of ceramic materials by co-processing rigid
ceramics as silicon carbide and compliant interlayer as
boron nitride”®. The spatial organization of the bio-
mineralization mechanism of the crystal growth is the main
focus of the recent works®. Recently laser induced
fluorescence spectra of few species of molluscan shells
were investigated by Konwar. et. AI”°. We have indicated
here a brief overview of the works and investigation carried
out on biomineralization particularly on molluscan shells
during last several decades. In the present work we are
concerned with the subject of evolution of the growth
pattern of the shells belonging to a particular species and
their representation in terms of phasor diagrams which are
quite analogous to Cornu’s Spiral in optics. We also discuss
specifically the issue of Fibonacci numbers which appear in
certain specimens of molluscan shells. From the survey of
available literature it is reasonable to believe that these are
the first reports of this kind.

2. Evolution of molluscan shells, phasor
diagram:

In the present work we reproduce the photographs of the
molluscan shells which have been procured from a place
known as “Maguri Bill’, near Dibru Saikhowa National Park
of Tinsukia District, Assam. For convenience only three
specimens are shown along with the phasor diagrams
which are so similar to Cornu’s Spiral in optics. It is
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worthwhile to elaborate here how these phasor diagrams
are constructed. The vectors are drawn by taking the centre
of an ellipse as a starting point of a vector and connecting
the successive centres of the ellipses which are visible on
the projections of the photographs of the molluscan shells.
It is worthwhile to note that about thirteen vectors can be
drawn with arbitrary magnitude as distances between two
centres of the ellipses. As the vectors change direction they
ultimately evolve as phasor diagram very similar to Cornu’s
Spirals in optics®. It is worthwhile to note that in Fig.1 we
have only shown three representative diagrams
corresponding to two specimens of molluscan shells. It is
possible to construct such diagrams for other samples as
well.

(b)

(c)
Fig.1(a,b,c) Molluscan shells and the corresponding
phasor diagrams.

For convenience only three specimens are shown along
with the phasor diagrams which are so similar to Cornu’s
Spiral in optics. It is worthwhile to elaborate here how these
phasor diagrams are constructed. The vectors are drawn by
taking the centre of an ellipse as a starting point of a vector
and connecting the successive centres of the ellipses which
are visible on the projections of the photographs of the
molluscan shells. It is worthwhile to note that about thirteen
vectors can be drawn with arbitrary magnitude as distances
between two centres of the ellipses. As the vectors change
direction they ultimately evolve as phasor diagram very
similar to Cornu’s Spirals in optics®. It is worthwhile to note
that in Fig.1 we have only shown three representative
diagrams corresponding to three specimens of molluscan
shells. It is possible to construct such diagrams for other
samples as well.

3. Molluscan shells and Fibonacci numbers:
In this section we describe the appearance of a
mathematical series and the so called Fibonacci numbers in
some molluscan shells. The Fibonacci numbers are the
sequence of numbers defined by the linear recurrence
equation

Fn :Fn_1+Fn_2 e e ()

with F; = F, = 1. As a result of the definition (1) it is
convenient to define F, = 0. The Fibonacci numbers for n =
1, 2, 3, e, are 1, 1, 2, 3, 5, 8, 13, 21, 34,
................. These numbers seems to appear in the Nature
in numerous cases. It is worthwhile to note that the
succeeding terms of the system are obtained by the sum of
two preceding terms being with the lowest whole numbers.
Thus we have the series of numbers 1, 2, 3, 5, 8, 13, 21,
34, 55, 89, ........... etc. This is also known as Fibonacci
series. This series was first discovered by at 17™ century
called Fibonacci Gerard. Its relation to the phenomenon of
planet growth is brought out by Church?. There are few
other characteristics of the Fibonacci series which are
interesting to note. As for instance if we take three
consecutive numbers the square of the middle term and the
difference between the multiplication of the first and third
terms is always the same. Mathematically

Fn_1><Fn+1—Fnz=(—1)n P 23

Again, leaving aside few small terms, if we take the ratio of
two consecutive terms then the ratio always remain the
same, and it is equal to 1.618. This number is known as the
divine number. Fig.1 shows the photographs of few
specimens of shells. If we take the semi-major axis of the
successive prominent elliptical rings we observe that the
ratio of the distances (taken arbitarially in millimeters) of the
semi-major axes remain nearly constant and approaches
the so called divine number as indicated earlier. Table |
shows few measurement.

Table |
. . Difference
Ellipse | _S¢m Ratlo of from the
major axis successive L.
No. (in mm) rings divine number

(1.6180)

1 3.2 0 -
2 5 1.5625 - 0.0555
3 8 1.6000 -0.018
4 13 1.6258 + 0.009
5 21 1.6153 -0.003

4. Summary and conclusion:

In the present work we introduce the concept of moving
vectors which give rise to phasor diagrams similar to
Cornu’s Spirals in optics. It is also reasonable to believe
that molluscan shells exhibit Fibonacci numbers in their
evolution.
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