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A Mathematical Treatise on Polychronous Wavefront Computation and its Application
into Modeling Neurosensory Systems

Abstract

Polychronous Wavefront Computation is the name given to a recently proposed geometric
approach on how the brain can be modeled to perform computations. It departs from the
conventional use of artificial neural networks involving synapses for systems modeling.

This paper, written as a mathematical sequel to the original work on the subject, builds two
closely related Neurocomputational Models that together furnishes a plausible mechanism
grounded in geometry, for sensory representation of motion, shape and time in the brain.
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1. Introduction

1.1 Synopsis of Polychronous Wavefront Computation (PWC)

A basic outline of the qualitative aspects of the theory behind PWC is given here. Within
this framework, pre-synaptic neurons are visualized as point sources, post-synaptic neurons
as point receivers and the intricate axonal network that connect them as a medium through
which impulses can propagate uniformly in all possible directions, akin to ripples of
disturbance on the surface of a pond!® 2. The manner of arrival of impulses arising from
different pre-synaptic neurons at a post-synaptic neuron, ultimately determines the strength of
the latter’s response. A stronger response can be expected when two or more impulses
converge simultaneously than when apart.

To illustrate the PWC principle, consider two sources A and B lying in the XY-plane,
stimulated in succession (see Figure 1). The circular waves emanated from these sources will
intersect at different spatial points for different snapshots in time. If source A is stimulated
before source B, then the points of intersection of the two wavefronts over time traces out the
locus of a branch (or arm) of a hyperbola*, with its mouth open towards B. Similarly, if
source B is stimulated before source A, then the points of intersection of the two wavefronts
over time traces out the locus of the complementary branch of the hyperbola with its mouth
open towards A.

In neuroscience, there are a postulated group of neurons called Coincidence Neuron
Detectors which ‘switch on” only upon the reception of two or more impulses simultaneously
from two or more sources respectively. A good description of the biological utility of this
special class of neurons can be found in Jeffress’ Place Model of the Auditory System [ 4. |f
these coincidence neuron detectors were distributed along the trace of one of the hyperbolic
branches, then they will fire away only for that particular time interval, spanning the duration
of the inter-source stimulation. That is to say, the magnitude of inter-stimulation time interval
(ISI) is encoded in the hyperbolic arrangement of the detectors. A natural outcome of
adopting this kind of a scheme for modeling a two dimensional sheet of neurons is the
existence of an organized map for a range of different ISls.

*The original 2009 paper states that the traced locus is a parabola. The author mathematically demonstrates that it is
actually a hyperbola (see §2.2.2.2 of Main Text below and also page 2 of the Supplementary Material).
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Figure 1: Hlustration of PWC Principle.
Top: (L) When Source A is stimulated before B (i.e.ISI = t; —t, = 0) a right hyperbolic

arm is traced. (R) When Source B is stimulated before A (i.eISI = t, —tg; = 0) a left

hyperbolic arm is traced.
Bottom: (L) When Sources A and B are stimulated simultaneously (i.e.ISI = 0) a Straight

line is traced. (R) The family of all possible hyperbolic traces for different ISIs.

1.2 Modeling Sensory Systems using PWC

In order to model a sensory system in a generic fashion using the PWC principle, it is
necessary to construct two parallel 2D cell arrays, labeling one as the Peripheral Sensory
Field and the other as the Central Source (or Neural) Field (see Figure 2). The former,
consists of a grid of Sensors that represents a peripheral sense organ (e.g. the skin). The latter,
consists of a grid of Sources that represents the portion of the brain which receives and
processes sensory input from the periphery (e.g. the somatosensory cortex). The layout of the
cells in each plane is isomorphic. However, it should be noted that the uniform spacing
between adjacent cells in the peripheral field is not the same as that of the central field (not
shown in the illustration, for clarity sake). Both groups of cells are linked by means of one to
one connections. Finally, there is a third group of cells — Coincidence Detectors — that
surround each Source, like satellites. And each Source gives off a multitude of radiations to
these coincidence detectors (see Figure 3).

It reasonably follows from the above arrangement, that any movement of a stimulus over
the sensors in the Peripheral Field, will be accompanied by parallel activation of the sources
in the Central Field, ultimately leading to the activation of the satellite Coincidence
Detectors. This paper proposes that the unique geometric pattern and location of activation of
the Coincidence Detectors, acts as the mechanism for encoding various aspects of motion in
the brain, like speed, angle of contact, duration between successive adjacent sensor contacts
and the shape of the moving stimulus.
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Figure 2: Construction of a General Framework necessary for a PWC Model.
Sources in the Central Field are shown as red circles. Sensors in the Peripheral Field are
shown as blue circles. Black lines represent one to one connections between the cells of each
plane. Spacing between cells within each plane is uniform. Also the layout of cells in both
planes are isomorphic.

@ .... Central Source
'y .. ded b
Central Neural () : .. sur;c:unllle y
Field @9 ... éte. ite
@ @ Coincident
0@
Detectors
Periphera| ‘ Peripheral
sensory Sensor

Field

Figure 3: An Individual Sensor-Source Unit of the PWC Model
Coincidence Detectors clustered around a Source, receiving radiations (not shown) from it.
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1.3 Aims and Objectives
1.3.1 Aims

This paper aims at laying down the quantitative foundations needed to fully account for a
Two-Sensor and Three-Sensor System using a PWC approach, and then explore some
interesting implications of both these models. Neural system configurations of even greater
complexity can then be constructed by exploiting many of the key results obtained here. This
would entail the construction of a general model for an ‘n-sensor’ system (where n = 4, 5,
6...).

1.3.2 Objectives

The construction of the Two-Sensor Model and Three-Sensor Model follow a similar
format.  First, the common underlying postulates are laid out and then the pictorial
framework for each model is introduced. Next, the expressions for Inter-Sensor Time Interval
is presented for different spatial and numerical configurations of sensors in the Peripheral
Field, when a stimulus of a prescribed shape (either straight or convex or concave) is made to
pass through it. These formulae, relate ISI to the speed ‘+* with which the stimulus, inclined

at a steady angle B to a reference line, sweeps through the sensor field. Then the equations of
the hyperbolas formed consequent to tracing the intersection points of two (or three)
advancing circular wavefronts emanated from two (or three) stimulated sources in the Central
Field are presented, along with some closing remarks on the criteria on which they are
formed. Lastly, a parametric analysis is carried out in the case of the Two Sensor Model to
demonstrate how distinct Organizational Maps exist in the central neural field that encode
such parameters as the angle of inclination (B) as the stimulus passes through the Peripheral
Field, it’s speed (v) and the inter-sensor time interval (ISI) between adjacent sensor

stimulations. In the case of the Three Sensor Model, Organizational Maps encoding velocity
of stimulus motion and shape are generated. In principle, the existence of such Organizational
Maps in the brain, provides a basis in geometry, of how a sensory apparatus can make
estimations about various stimuli features in the surrounding environment.
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2. Method and Materials
2.1 Postulates underlying the PWC based Neurocomputational Models

1. Senso-topy
There exists a one to one structural-functional correspondence between sensors in the
Peripheral Field and sources in the Central Field. That is, the spatial layout of the peripheral
sensors is faithfully reflected by the spatial layout of the central sources. Also the stimulation
of a single peripheral sensor, is accompanied by a maximal response from its corresponding
central source after a short connection delay.

2. Equal Sensor to Source Connection Delays a priori
The connection delay for impulse propagation from each peripheral sensor to its
corresponding central source is equal. That is, the sensor to source connection delay for each
sensor-source pair is equal. Thus, the time interval between two adjacent peripheral sensor
stimulations will be equal to the time interval between the corresponding two central source
stimulations.

3. Coincidence Neuron Detectors
There exists a class of neurons in the central neural field that switch ‘on” only upon reception
of two or more impulses simultaneously in time. They remain switched ‘off” for the reception
of any impulse arriving in isolation. These neurons are called Coincidence Detectors.

4. Hyperbolic Distributions between any Two Sources
The coincidence detectors of the central neural field are distributed in a hyperbolic fashion
between any two sources.
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2.2 The Two-sensor Model (see Figure 4)

2.2.1 Framework

Hyperbolic Trace of
Coincident Neuron

Central Neural Field Detectors Stimulus
in the Brain B Sources
AandB
Source Separation
2a
A Sensor Separation O Adjacent
Peripheral
: A® B Sensors A
Sensory Field
and B

Figure 4: Framework of the Two Sensor Model

The peripheral sensory field and the central neural field are represented by two rectangular
sheets. Two adjacent sensors labelled A and B are connected to their corresponding stimulus
sources A and B respectively, via separate one to one connections. The sensors are separated
by a distance denoted by 2 and the sources are separated by a distance denoted by 2a.
Impulses arising from each source, converge onto coincidence detector neurons embedded in
the plane of the central neural field which are distributed in a hyperbolic fashion between the
two sources.
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2.2.2 Theory
2.2.2.1 Inter-Sensor Time Interval
2.2.2.1.1 When the Stimulus is an infinitely long Straight Line (see Figure 5)

Consider a peripheral sensor field consisting of just two sensors represented by the points A
and B separated by a distance Q, which are contacted successively by an infinitely long
straight line stimulus denoted by ‘I’, at times t, and tg,respectively. Assume also that ‘I’ is

inclined at an angle B with the line joining A and B, and moves with a velocity v in the
direction, 6 with respect to AB (N.B. t; << tg). The expression for ISl is given by (see
Supplementary Material):

(1)

2.2.2.1.2 'When the Stimulus is a Convex or Concave Semi-circle (see Figures 6&7)

For the case of a convex/concave shaped semi-circle stimulus of radius p, whose center O
moves with a velocity v towards the midpoint O’ of the line AB joining Sensors A and B,

such that OO’ makes an angle P with AB, the expression for ISl is given by (see
Supplementary Material):

Cozp

»

Atz = 0 ..2)

The condition to be fulfilled for the both sensors A and B to be successively contacted by the
semicircular stimulus, is p=2/2 when B=90. In all the three cases
(straight/convex/concave shaped stimuli), the angle of inclination has a prescribed range:
0" < B=<90.

Figure 5: Infinitely long straight stimulus ‘I’ contacts two Sensors A and B in succession
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Figure 6: Convex Semicircular stimulus of radius ‘p’ approaches and contacts two Sensors A
and B in succession

Figure 7: Concave Semicircular stimulus of radius ‘p’ approaches and contacts two Sensors
A and B in succession

2.2.2.2  Equation of the Hyperbola forming the locus of the points of intersections
of two advancing circular wavefronts over time (see Figure 8)

Consider two Sources A and B, located at positions (—a, Q) and (a, @) respectively in the
plane of the Central Field. When each source is stimulated successively at times t; and tg

say, circular wavefronts emanate from them that propagate radially outwards with a constant
speed u, say. If we assume A to have been stimulated before B, i.e. t; < tgz then there will

be a particular instant, call it T, when the two wavefronts travelling at equal speeds, meet at
exactly one point along the line joining A and B, call it V. With the passage of time (t = 1),

this single point becomes two points of intersection, call them P and P’ that are symmetrically
placed about the line AB. The points P and P’ get progressively shifted towards the right and
diverge apart. On joining all the points of intersections for different snapshots in time, the
trace of a branch of a hyperbola with point V as vertex is obtained. The equation of this
hyperbola in terms of the Inter-pulse Interval (IPlI = Aty = tz; —t,), the impulse

Page 9 of 36
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

propagation speed u and the source positions (Za. 0) with respect to the origin, is given by
(see Supplementary Material):

xz _ }.2 _ 1
(ﬂf&a}“ Ez_(ﬂ.aa}“ -

Y .oz

.(3)

By invoking Postulate-2, the expressions for Inter-Stimulus Interval (ISI) presented in
Section 2.2.2.1 may be substituted in place of Inter-Pulse Interval (IPI) in the above equation.
An identical equation can be derived in the reversed case scenario, where the Source B is
stimulated before the Source A (i.e. tz < t ), with the difference that At, is replaced by

Atg,. Also, in order to make the equation of the hyperbola more conducive for graphical
udtap

-
r

simulation, a new parameter [,z = is introduced, which we shall from here on refer to

as the J-parameter. The ensuing J-parameterized equation is:

I = .-Fz' ('l + E:im) ..(4)

Figure 8:
Top: Two advancing circular wavefronts at the instant of single point contact at V
Bottom: Two advancing circular wavefronts at the instant of two point contact at P & P’
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2223 Remarks

A. When the time interval spanning the stimulation of sources A and B in succession of
each other in any order is brought to zero, that is as At,; —+ 0 or as Atg, — 0, both

vertices approach the origin 0(0,0) and the branches gradually straighten out to
coincide with the Y-axis, whose equation is x = 0.

B. It can be shown that the Principal Condition to be satisfied for the Generation of
Hyperbolas is |R(t) — r(t)| < 2a, where R(t), »(t) and 2a are the instantaneous

radii of the circular wavefronts emanated from sources A & B and the source
separation length respectively.

C. Ancillary Conditions for the Generation of a Hyperbola
On examining the equation of the hyperbola, it is clear that the denominator of the y*

term should remain a positive quantity (lest, we get an ellipse instead). That is,
“ﬂ%‘ < 1. But since the

r

a?—J*’=0=)"<a’ = —a<J<a=|/a<1=

ISI (and IPI) depends on the shape of the stimulus, the condition to be satisfied for
each alternative will be:

Q) For a Straight Line Stimulus:

(5) (%) sin| <1

(i)  For a Convex/Concave Semicircle Stimulus:

(5) (&) cost| <1
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2.2.3 Results
2.2.3.1  Parametric Analysis of the Equation of the Hyperbola

2.2.3.1.1 Generating an Organizational Map for Angle of Inclination (B) in the
Central Neural Field (see Figure 9)

By varying the angle of inclination B with which the stimulus (straight/convex/concave)
moves through the two sensor field within the range 0te 907, an organizational map

encoding P can be generated in the plane of the central neural field using the J-parameterized
form of the equation of the hyperbola (Eq.4).

For the purpose of graphical illustration, the following numerical values are adopted in the
simulation: {Q, a, u, v} = {l mm, 0.2 mm, 0.1 mm/ms, | mm/ms} where ‘Q’ is the sensor
separation length, ‘2a’ is the source separation length, “u’ is the propagation speed of the
wavefront (or equivalently, the speed of nerve impulse conduction) and ‘v’ is the speed of the
stimulus with respect to the stationary sensor field.

2.2.3.1.2 Generating an Organizational Map for Velocity in the Central Neural
Field (see Figure 10)

By varying the speed v with which the stimulus (straight/convex/concave) moves through
the two sensor field, within a range 1 mm/ms to 3 mm/ms, an organizational map encoding v

can be generated in the plane of the central neural field using the J-parameterized form of the
equation of the hyperbola (Eq.4).

For the purpose of graphical illustration, the following numerical values are adopted in the
simulation: {Q, a, u, B} = {1 mm, 0.2 mm, 0.1 mm/ms, 60°} where B is the fixed inclination
for the straight and convex/concave stimulus.

2.2.3.1.3 Generating an Organizational Map for Inter-Sensor Time Interval (ISI)
in the Central Neural Field (see Figure 11)

By varying the magnitude of the Inter-Sensor Time Interval (ISI) between the stimulations
of two adjacent sensors in the peripheral sensory field, through the range Oms to 3ms, an
organizational map encoding ISI can be generated in the plane of the central neural field
using the un-parameterized equation of the hyperbola (Eq.3). (These maps are the same
regardless of the shape of the stimulus).

For the purpose of graphical illustration, the following numerical values are adopted in the
simulation: {a, u} = {0.2 mm, 0.1 mm/ms}.
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Mapping Angles of Inclination B (degrees) to Hyperbolic Coincident Detector Spatial Distributions for a Straight Line Stimulus
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Mapping Angles of Inclination p (degrees) to Hyperbolic Coincident Detector Spatial Distributions for a Convex/Concave Semicircle Stimulus
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Figure 9: Organizational Map for f in the CNF
Top: For Straight line stimulus
Bottom: For Convex/Concave stimulus
The red hyperbolic arms correspond to the case where sensor A is stimulated before sensor B
and the blue hyperbolic arms correspond to the case where sensor B is stimulated before
sensor A. The green straight line in the center corresponds to the case where both the sensors
A and B are stimulated simultaneously. (Angles are in degrees)
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Mapping Velocity v (mm/ms) to Hyperbolic Coincident Detector Spatial Distributions for a Straight Stimulus
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Figures 10: Organizational Map for v in the CNF
Top: For Straight line stimulus
Bottom: For Convex/Concave stimulus
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Mapping ISI (ms) to Hyperbolic Coincident Detector Spatial Distributions
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Figure 11: Organizational Map for ISl in the CNF
(Time Intervals are in ms)
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2.3 The Three Sensor Model (see Figure 12)

2.3.1 Framework

Stimulus
Sources A,B & C
(Source
Separation — 2a)

Central Neural
Field

Adjacent
Sensors A, B & C
(Sensor
Separation = Q)

Peripheral
Sensory Field

Figure 12: Framework of the Three Sensor Model

The peripheral sensory field and the central neural field are represented by two rectangular
sheets. Three adjacent sensors labelled A, B & C located at the vertices of an equilateral
triangle of side length Q, are connected to their corresponding sources A, B & C via separate
one to one connections, that are also located on the vertices of an equilateral triangle of side
length 2a (refer to Postulate-1). Impulses arising from each source converge onto
coincidence detector neurons that are distributed in distinct patterns depending on the
stimulus shape (3-elliptic trace shown in figure corresponds to a straight line stimulus).
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2.3.2 Theory
2.3.2.1 Inter-Sensor Time Interval

2.3.2.1.1 When the Stimulus is an infinitely long Straight Line (Figure 13)
Consider a peripheral sensor field consisting of three sensors represented by the points A, C
and B forming the vertices of an equilateral triangle of side length Q, which are contacted
successively by an infinitely long straight line stimulus denoted by °I’, at times t,, t-and

tg,respectively. Assume also that ‘I’ is inclined at an angle B with the line joining A and B,
and moves with a speed v in the direction 6 with respect to AB (N.B. t, <<t << tg). The
expressions for ISls are given by (see Supplementary Material):

Aty = ﬂ._ﬁ"”tﬁy—w}

Aty = 0228 ..(5)
-

Atpp = q, Cos(B=309

v
The prescribed range of angle of inclination for a specific sequence of three Sensor
stimulations is 60° < f = 120°,

2.3.2.1.2 When the Stimulus is a Convex Semicircle (Figure 14)
For a convex semicircle of radius p whose center O approaches the Sensor B at a steady
inclination B with the line joining A and B and with a speed v, the expressions for ISIs are

(see Supplementary Material):

Jepr—atEnt g — ot -t it (60— B) + NiCosf — Cos(60°—F))

v

T At i@ o
thE _ A 1°8in"F + ACosf — p (6)

v

NCos(60°—) — g +/p" —0" Sin" (607 — §)

w

2.3.2.1.3 When the Stimulus is a Concave Semicircle (Figure 15)
For a concave semicircle of radius p whose center O approaches the Sensor B at a steady
inclination  with the line joining A and B and with a speed v, the expressions for ISls are

(see Supplementary Material):

St —ntsin e -8 — ot —075in" B + N(Cosf — Coslenr—F))

Aty = -

- ) -7 Sin B + nc
Aty = BB RS LAt .(7)
Atpg = p =/ —0"5in" (60°—B) + NCos(60°— L)

v
The ISI expressions for both the Convex and Concave Semicircular Stimuli elucidated above
are subject to the following constraints:
(i) 0° = f < 30° (Prescribed range for a specific sequence of three Sensor stimulations)

(i) p =20
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Figure 13: Infinitely long straight stimulus ‘I’ contacts three Sensors A, C and B in
succession
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Figure 14: Convex Semicircular stimulus of radius ‘p’ approaches three Sensors (top) and
contacts A, C and B in succession (bottom)
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Figure 15: Concave Semicircular stimulus of radius ‘p’ approaches three Sensors (top) and
contacts A, C and B in succession (bottom)

Page 20 of 36
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

2.3.2.2

23221

23222

2.3.2.2.3
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Equations of the Hyperbolas generated when Three Sources located at the
Vertices of an Equilateral Triangle are stimulated in Temporal
Succession (see Figures 16)

Equation of the Hyperbola generated when Sources A and B are
stimulated in succession (see Figure 17)

By fixing the origin O of the XY frame to the midpoint of base AB of the
equilateral AABC with side length 2a, the co-ordinates of the vertices A, B
and C can be written as (—a,0), (a,0)and (0,/3a), respectively. The

equation of the hyperbola formed on stimulating the Sources located at
vertices A and B in succession is given by Eq.(3) which is reiterated below:

S .8

ul
Where J,, = 248

-
r

Equation of the Hyperbola generated when Sources A and C are
stimulated in succession (see Figure 18)

Following frame rotation (60° clockwise) and translation operations, it may
be shown that the equation of the hyperbola formed on stimulating the Sources
located at the vertices A and C in succession is (see Supplementary Material):

—/Falax — e+ 2_.':.:”::} r 4_.|'A|:x|'|:r1:— _.f‘qczjllzx: + ax+ a- _.I'Ac:}

Vv = = =
- |:3E"—4_.r‘.:”:"']l

...(9)

udtar

Where [, =

-
=

Equation of the Hyperbola generated when Sources C and B are
stimulated in succession (see Figure 19)

Again, following frame rotation (60° anticlockwise) and translation
operations, it may be shown that the equation of the hyperbola formed on
stimulating the Sources located at the vertices C and B in succession is (see
Supplementary Material):

V3alax +a* —2frp ) + 4 \!'[a:—;cf).:x: - ax + a’= Jeg™)

< (3a®—2jcg®)

...(10)
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2.3.2.2.4 Remarks
(I) The conditions for the generation of hyperbolas along the sides of AABC are:

A. For a Straight Line Stimulus
(i) Along AB: |(*)(%) smﬁ‘ <1

v

(if) Along AC : |(%) () sin(B — 60°)

v

(ii))Along CB : |(2) (=) Cos(B — 30°)

v 2a

=<1

<1

B. For a Convex Semicircular Stimulus
f ot cime _
(i) Along AB : |u-—*2 0¥ 5in® f + NCosf — p)

2av

=<1

i PE—nT5int B —.[pF—n75in? (60°—B) + 2(Cosf — Cos(60°-£)))

(ii) Along AC : |u - <1
2w

e [ = _ ! 2__1 . ZI-' =

(iii)Along CB - ,, [Bcos(60—8) p+:,p n°5in® (60 E}}‘ <1
L2

C. For a Concave Semicircular Stimulus

(o — II_E__E_-E_
(i) Along AB - RS 1 _:'m g+ ﬂfos,[?}‘ «1

I

‘ i T ‘1 . EI.- = _u/ 1_‘1 E ] .r — i o

(i) Along AC : L e —a"sin” (80 B} —yo"—n°5in"f +0(Cosp - Cos(60°—B))) <1

2av

fo—.d I_ .2 oS [ G — [
(ii)Along CB : |u (o= P — 0 Sin (60°—F) + NCos (&0 E}}‘ <1

2av

(1) Special Cases

For certain values of angle of inclination [ within the prescribed range for a

particular shape of stimulus, a given pair of sources may be stimulated simultaneously
resulting in the generation of a straight line that is perpendicular to the side of the triangle
and passing through its midpoint, instead of the generation of a hyperbola. These angles
are 60° & 120° in the case of a straight line stimulus and 30° in the case of a

convex/concave stimulus. The straight line equations for each side are:

(i) AlongAB:x=10
(i) Along AC : y = ==*

-+

(iii)Along CB : y = 22

NE:
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c(0,+3 a)

A(—a,0) - 3(a,0)

Figure 16: Three Sources located at the vertices of an Equilateral Triangle stimulated in
succession

c(0,v3a)

=

A(—a,0) B(a,0)

Figure 17: XOY frame for the Hyperbola with transverse axis along the side AB
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c(0,v3 a)

=]

A(—a,0) B(a,0)

Figure 18: X"’O’’Y "’ frame for the Hyperbola with transverse axis along the side AC

c(0,43a)

A(—a,0) B(a,0)

Figure 19: X"’O”’Y"’ frame for the Hyperbola with transverse axis along the side CB
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2.3.2.3 ISIs and J-Parameters for different Sequences of Sensor (or Source)
Stimulations

When three sensors (or sources) A, B and C located on the vertices of an equilateral AABC
are stimulated in a particular sequence by a moving stimulus that makes a steady angle  with
its base, the time intervals between successive source stimulations will depend directly on
and the chosen temporal ordering of the sides (that is, on which side is taken as the first side,
the base and the second side). For example, if the temporal ordering of the sides is the
sequence (AC — AB — CB), it implies that the source A is stimulated before source C,
which is stimulated before source B (i.e. A — C — B). By labeling the sides of the triangle as
Side-1, Base and Side-2 the general expressions for time intervals and the corresponding J-
parameters can be written for each specifically shaped stimuli.

2.3.2.3.1 ISlIs and J-Parameters for an infinitely long Straight Stimulus

The expressions for ISls are (see §2.3.2.1.1):

_ Sim(f - 607}
Atgrge—q = O v
.
Ay, = 0.2F (11
— Co=(B—-30°)
dt_‘.‘ida—! =10. -
The corresponding expressions for J-parameters are:
— Sin(p - 60°)
Jorge—1 = Wl————
M Sinf
fE‘Esa v HHT (12)
I o Co=z(P-30°)
Fide—2 .

2.3.2.3.2 1SlIs and J-Parameters for a Convex Semicircular Stimulus

The expressions for ISls are (see §2.3.2.1.2):

_ et -nEsinT g - [ pt 0T sin" (60— £) + 2(Cosf — Cos(60°—£))

Atgge—q = -
% S o. 30
_ e -7 Ein"f + NCesf — p
dtﬁ'ass = - v (13)
__ DCos(60°—R) — g +,/ p"— 0% 5in" (60°-F)
Atgge—7 = .

w

The corresponding expressions for J-parameters are:

u,,-'p“—.rzzsng - ot =0 5in” (60°— ) + Ni(Cosf — Cosl60°—F))

Isige-1 = -
T m T
_ Yo —i"Sin" B + 1Cosf — p
I.E'ES'E u . (14)
_ ncos(er—Pl— g+, g —0"5in" (60°—f5)
Jsige—2 = U .

Fa k)
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2.3.2.3.3 ISlIs and J-Parameters for a Concave Semicircular Stimulus

The expressions for ISls are (see §2.3.2.1.3):

et —nt st (e —B) -/ pt—n" Sin® B +0(Cosf — Cosle0"— 1)

Atgge—y = v
[ -
_ gy p 78R f + NCosf
dtﬁ'asa - - v (15)
_ p—pr—nTEinT(60°— ) + NCosla0"—F)
Atgge—n =

»

The corresponding expressions for J-parameters are:

J et -0t sint (60°—F) — /gt -0 5in” § +0(Cosf — Cos(s07—F))

Joge—1 = -

[ = -
g4/ p"—10"85in"f + NCosf

Jpass = U ...(16)

2w

p—/or -0 Sint (60°— f) + nCos(60°—F)

2w

Isige—2 = u

2.3.2.3.4 Allotment of Sides of AABC to categories ‘Side-1’, ‘Base’ and ‘Side-2’
according to the sequence of Sensor (or Source) Stimulations

Using Table 1 below as a guide, the triplet expressions for I1SIs & J-parameters for each
possible sequence of sensor (or source) stimulations of our analysis can be written.

Sequence of Corresponding Sequence of Sensor
Sensor (or (or Source) Stimulations with respect
Source) to the Sides of AABC
Stimulations
with respect to
the Vertices of Sidel Base Side2
AABC
AtoCtoB AC AB CB
AtoBtoC AB AC BC
BtoAtoC BA BC AC
BtoCto A BC BA CA
CtoAtoB CA CB AB
CtoBto A CB CA BA
Table 1
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2.3.2.4  Equations of the Hyperbolas generated for Specific Sequences of Source
Stimulations

In §2.3.2.2, the three analytical equations of the hyperbolas (8),(9) and(10) generated when
Sources located at A(—a,0), B(a,0) and C€(0,v/3a) are successively stimulated, with

respect to the origin @(0,0) (fixed to the midpoint of side AB) were presented. They are
reiterated below:

[
—v3.a(ax — a’ +2J,.7) = 4f‘4[ﬂqll[a2 - far_‘:)(xz + ax + a®— IAEEJ

y= - -
(3a® — 4/4:7)
| T
_ [f.2z _ 2 £ _
y= i.wl (a® — Jus )(IABE 1) ..(17)
[

V3.a(ax + a’ —2J5") T 4}55_”"[@2 - fcﬂz)(xz — ax + a’— fr:&zj

}T:

(3a® — 4/.5%)

The above hyperbolas have their transverse axes fixed to the sides AC, AB and CB of
AABC respectively. Depending on which source is stimulated first and the ordering of
subsequent source stimulations, the J-parameters will vary (since J depends on At which
further depends on B and v). Thus, the J-parameter in each equation ultimately determines the
shape & position of the individual hyperbolas and therefore also the common point of
intersection between them (see Figure 16). Using Table-1 again and Equations (17), a triplet
set of hyperbolic equations for each of the possible sequences of sensor (or source)
stimulations can be obtained.
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2.3.3 Results
2.3.3.1  Organizational Maps for Velocity in the Central Neural Field
2.3.3.1.1 When the Stimulus is an infinitely long Straight line (see Figure 20)
On calculating the J-parameters of 82.3.2.3 with numerical values {Q, a, u, {B}} = {Imm,
0.2mm, 0.1mm/ms, {60°, 90°, 120°}} and {v} = {Imm/ms, 2mm/ms, 3mm/ms}. Substituting

these into the triplet set of hyperbolic equations of 82.3.2.4, it is possible to generate velocity
maps of the moving straight line stimulus in the central neural field.

_l"
& \ & wu | mmims
f(( . vu 2 mmirs

23k / h ' ve=3Immirs
pasl- /A \

./ o \ .

Figure 20: Organizational Map for v in the CNF when stimulus is a Straight line
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2.3.3.1.2 When the Stimulus is a Convex Semicircle (see Figure 21)

On calculating the J-parameters of §2.3.2.3 using numerical values {p, Q, a, u, {B}} =
{Imm, 1mm, 0.2mm, 0.lmm/ms, {0°, 15°, 30°}} and {v} = {Imm/ms, 2mm/ms, 3mm/ms}.
Substituting these into the hyperbolic equations of 82.3.2.4, it is possible to generate velocity
maps of the moving convex semicircular stimulus in the central neural field.

/

k ¢ wm2meims
\ ]

o.as- / \‘\

/ \

Figure 21: Organizational Map for v in the CNF when stimulus is a Convex Semicircle
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2.3.3.1.3 When the Stimulus is a Concave Semicircle (see Figure 22)

On calculating the J-parameters of §2.3.2.3 using numerical values {p, Q, a, u, {B}} =
{Imm, Imm, 0.2mm, 0.lmm/ms, {0°, 15°, 30°}} and {v} = {Imm/ms, 2mm/ms, 3mm/ms}.
Substituting these into the hyperbolic equations of 82.3.2.4, it is possible to generate velocity
maps of the moving concave semicircular stimulus in the central neural field.

/A e
/N
\

/ \

Figure 22: Organizational Map for v in the CNF when stimulus is a Concave Semicircle
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3. Discussion
3.1 A Contrast between the Two Sensor Model and Three Sensor Model
3.1.1 Limitation of the Two Sensor Model: A Problem of Ambiguity

The Two Sensor Model predicts that each hyperbolic distribution of coincidence detectors
in the Central Neural Field, encodes information regarding Inter-Sensor Time Interval, Angle
of contact made with the sensor separation length Q, the speed of the stimulus sweeping
through the stationary Two Sensor Field and also the shape of the stimulus. However, the fact
that only a single J-parameter determines the shape and position of the hyperbolic arm with
respect to the source positions, is a cause for ambiguity in ascertaining specific features of
stimulus motion such as speed v and angle of contact p (hence direction). Recall that for a

straight line stimulus Eqg. (1):
=Hﬂ¥=uﬂ_51_ﬂl’3 ..(18)

IAE 2w

=

From the above formula, it is clear that if SL—HE were set as constant for different possible

doublet values of (v, ) that satisfy the constraints described in §2.2.2.3, with all other
factors (u, 12) remaining equal, then the J-parameter will consequently remain also a constant
for all the (v, ) values.

Formally stated, [,z = {constant ¥ (v, f) : (ELL—HE = constant’) A (|G) (i) SinB‘ < 1)}

For instance, let {u, 0} = {0.1, 1}, then for all {(v.f)} = {G,EW),(Z—?,EG’}, (1,907)] the

parameter [,z = 0.05. This implies that the same hyperbolic spatial distribution of detectors

encodes multiple stimulus velocities (speed & direction). Such ambiguity is eliminated if an
extra sensor and two additional inter-sensor intervals are incorporated into this simplistic
model.

3.1.2 Resolution of Ambiguity with the Three Sensor Model

The Three Sensor Model is what follows when three sensors and three inter-sensor intervals
are taken into consideration. This model predicts that there is exactly one point location for a
coincidence detector in the Central Neural Field (CNF) that encodes a specific stimulus shape
and velocity. It is located at the point of intersection of the three hyperbolic arms generated
when circular wavefronts emanated from successively stimulated Sources meet in space and
in time. The shape and velocity of the stimulus determines the values taken up by the three J-
parameters involved in the formalism. These parameters further dictate the whereabouts of
the common point of intersection, such that any change in the value of one or more of them
would result in a change in the location of that point.

Depending on the shape and velocity of the stimulus, different concentric patterns of
distribution of coincidence detectors in the CNF are observed, which share a common
characteristic of diminishing size with increasing velocity. These patterns are summed up
below:

(i) For a Straight Line Stimulus - 3-elliptic pattern (see Figure 20)
(ii) For a Convex Semicircular Stimulus - equilateral triangloid pattern (see Figure 21)
(iii)For a Concave Semicircular Stimulus - 3-cusp pattern (see Figure 22)
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3.2 An Extension: The Three Sensor Model with an Isosceles Right Triangle
Configuration (see Figure 23)

The Three Sensor Model developed in the previous sections, was constructed for an
Equilateral Triangle Configuration of Sensors and Sources in the Peripheral Sensory Field
and Central Neural Field, respectively. A similar detailed formalism has been developed for
an Isosceles Right Triangle Configuration of Sensors (and Sources). Only the final simulation
result showing the velocity maps is presented here (see Figure 23).

*  y=1mmms
& y=2 mMmms
® ¥= 3 mMImms

Figure 23: Organizational Map for v in the CNF

3.3 Outline of the Three Sensor Model Algorithm

The hallmark of the algorithm used to develop the Three Sensor Models lies in the
derivations of the novel analytical equations describing the three hyperbolas (Equations
17), each having one side of the triangle as a transverse axis. They are expressed in the
explicit functional form y = f(x) following which plots are generated for different (v,

B) values. The common points of intersection between the hyperbolas are ascertained in
each case, and plotted collectively on a scatter diagram to obtain the Organizational Maps
for velocity in the Central Neural Field. The accuracy of the (x,¥) solutions can be

increased by simply increasing the point resolution along the X-axis. The proposed
algorithm could also have potential implications in the fields of Communication
Engineering and the Navigational Sciences, particularly for the localization of a
receiver/transmitter station [,
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3.4 Future Models: Scheme for the Construction of a General n-Sensor Model (see
Figure 24)

For a Field with a hexagonal array of Sensors (or Sources), each hexagonal unit is
composed of six equilateral triangles. Similarly, for a Field with a square array of Sensors (or
Sources), each square unit is composed of two right isosceles triangles. It is thus conceivable
that using the key results derived for both variants of the Three Sensor Model, that a
generalized Sensor Model can be developed with n number of sensors (where n > 4). For
such an n-Sensor Model, there are an associated n(n — 1)/2 inter-sensor time intervals

involved in the formalism. It should be noted however, that a truly general model is one that
can accommodate even an irregular array.

0000 00 0
O 00009 0 0

Figure 24: Array of Sensors in the Peripheral Neural Field: Hexagonal Array (top) and
Square Array (bottom)

3.5 Some Closing Speculation

The hypothesized geometric models could potentially find implementation into any
sensory system wherein the postulates of 82.1 are satisfied. For instance, retinotopy has
been a long established property of the visual system [¢1. So if this system were modelled
along the lines of the PWC principle, then one prediction that would naturally follow is
that various features of a moving stimulus (like orientation) is encoded in the unique
spatial position of neurons distributed in a particular layer of the visual cortex.

This paper focuses exclusively on modeling a generic Sensory System, which is one
that is characterized by flow of information from the periphery (sense organ) to the center
(brain). The author forwards the hypothesis that the same paradigm, may find pertinence
in the reverse case scenario as well. That is, where the flow of information is from the
center to the periphery. In other words, a Motor System.
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Supplementary Material
Derivations of Equations (1) and (2)

(1) When the Stimulus is an Infinitely long straight line (see Fig. 5 Main Text)
Consider Right AAA1B,
AB = (] ..(1a)
B+ 6 = 90° .(1b)

AtAB = tB_ tA

_ A
Ty
— AB.Cos® (InAAA{B, Cos8 = AA,/AB)
n.CosO
- ;’5 (By (1a))
0.C0s5(90°—f)
:"Sfﬂ (By (1b))
__.Sinp
v
Sinf
Atgp = Q. ——
AB v

(2) When the Stimulus is a Convex/Concave Semicircle (see Fig. 6&7 Main Text)

Consider Right AAPB,
A0'=0'B =2 =2 ..(2a)
2 2
_PB
- v
= ABCoSE (1n ARPB, CosB = PB/AB)
0n.C
e (By (1a))
At = O Cosp
AB — . v
NOTE:

In case (1), the straight line stimulus will always contact both sensors A and B will in succession, provided that it

is infinitely long. However, in case (2) for the convex/concave semicircular stimulus, the sensors A and B will be

touched in succession provided that ppin = !Z—ZSinﬁ. Thisis clearly evident from the AAPB, Sinf = j—g = @

where we put ZAON = ZPON = 8. Hence, we can say that the minimum limit of the diameter of the stimulus 2p
should be greater than Q.Sin, for a given inclination B and sensor separation Q.
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Derivation of Equation (3)
(see Fig. 8 Main Text)

The equation of the circular wavefront emanating from source A(—a, 0) stimulated at time t4, is given
by:

(x + a)? + y? = R? ..(3a)

The equation of the circular wavefront emanating from source B(a, 0) stimulated at time tg, is given
by:

(x— a)? + y? =12 ..(3b)

R and r are the instantaneous radii of either wavefronts, where R > r for any instant, since A was
stimulated before B (i.e. t; < tg).

The speed of propagation of both wavefronts is equal and uniform in all directions and is given by:

drR _ d
u=—= d—z ..(3¢)
Subtracting Equation (3b) from (3a) yields,
(x + a)?—(x— a)? =R*—7r?
On simplifying the above,
2_..2
X = % .(3d)
Squaring Equation (3d),
2_ .22
2= E-T) (3e)

16a2

Differentiating Equation (3e) with respect to time,

2_,2 drR_,.dr
dx 2(R*-r )(ZR'dt 2r.dt

ZXE - 16a?
dx _ 4u(R*-r?)(R-1)

= = (By (3c))
dx _ 4u(R+1)(R-1)2

ZXE = —16a2 (3f)

Substituting x from Equation (3d) into Equation (3a),

y? = R — (x + a)?

=R - (52 + q)

2
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_ (R*-1%) (R*-1%)
=®R+("2 + )R- (B2 + a))

__ (R*- 1%+ 4a”+ 4aR).(-R*+ r?— 4a’+ 4aR)
- 16a2

(R*+ r*+16a*— 2R?r?- 8a?R?- 8a?r?)
16a2

[(R2+ r2— 4a2)2— 4R2r2]
- 16a2

[((R-r)?+2Rr - 4a2)° - 4R?1?]
B 16a?

__[(R=1)*+2Rr - 4a®) + 2Rr|[((R-1)*+2Rr - 4a®) — 2Rr|
16a?

((R-7)2+4Rr - 4a?)((R-7)2- 4a?)
16a2

2 _ ((R+1)% - 4a?)((R-1)?%- 4a?)
- 16a?

..(3g)

From (3g), itis clear that in order for y € R, either one of the following two conditions must hold true:
(i) R +r > 2aandR-r1r < 2a,o0r
(ii) R +r < 2aandR-r1r > 2a

In order that the two circular wavefronts intersect each other to trace out the locus of a hyperbola,
with one of the vertices V lying somewhere on the line AB joining the point sources A and B, it is
necessary that condition (i) holds true. Condition (ii) would geometrically imply that the circles
intersect nowhere in the XY-plane and is therefore rejected. So provided condition (i) holds true, we
can write:

s i ((R+7)2 - 4a2)((R-T1)2%- 4a2)
y = i\/ a2 €R ...(3h)
Differentiating Equation (3g) with respect to time,
ay _ |((R+7)2 - 4a2).2(R—r)(%—%) + ((R-7)2 - 4a2).2(R+r)(%+%)]
tdt 16a2
dy _ 4u(R+1)((R-1)? - 4a?) .
= s on? ..(3i) (By (3c))

To re-iterate, if t4 and tz be the times at which sources A and B are stimulated respectively (t; <
tg), and tis the instant at which they both meet at a point V lying on the line AB, then we can say that
the wavefront arising from source A, would have grown from a radius R = 0 to R = R(7) in the
time interval spanning t4 to t. Similarly, the wavefront arising from source B, would have grown from
aradiusr = 0tor = r(t)inthe time interval spanning tg to 1. So it should be possible to integrate
equation (3c), keeping in mind that the speed of propagation of the wavefronts is equal and uniform
in all directions from both the sources and that t;, < tgz < T:

fOR(T) dR = f; u.dt = R(1) = u(t —t,) (3))
fOT(T) dr = ftTB u.dt = r(r) = u(r — tp) ..(3k)
Page 3 of 158

Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

At the instant, t = 1, both wavefronts meet at the point V on the line AB = 2a,

R() + r(r) = 2a -(31)

Subtracting Equation (29) from (28),

R(1) —r(t) = u(ty — ty) = u.Atyp ...(3m) (By definition of IPI)

The (x, y) co-ordinates of the set of points (P&P’) of intersections of the two circular wavefronts at
times t > 1, can be generically defined by equations (3d) and (3h):

..(3n)

((R(t)z—r(t)z) + = (R@)+r(t))? - 4a?)((R(t)—T(t))?- 4a2))
4a ' 16a2

The co-ordinate of the point V lying on AB can be found by substituting (31) & (3m) in (3n):

(”A;AB,O) .(30)

Since the two circular wavefronts propagate outwards with the same rate of expansion u, we can
expect that the instantaneous difference in their radii, R(t) — r(t) to be constant with time. A formal
justification of this statement can be made as follows:

a(RMO-r(t)) _ dR _dr _

dt w % mr =0 (By (3c))

= R(t) — r(t) = constant

This would imply that Equation (3m) should hold true for all times, t = 7. That is,

R(t) —r(t) = u(tyg —ty) = u. Aty ..(3p)

This would satisfy the characteristic property of a hyperbola being the locus of the point whose
difference in the distances from two fixed points (foci) is a constant. So this would mean that the locus
of the point of intersections of two circular wavefronts emanating from sources A and B takes the
shape of a hyperbola, since the differences in their instantaneous radii has been shown to be always

constant. Therefore, V (

generated when source A is stimulated before source B. The Vertex of the complementary branch of
the hyperbola which is generated when source B is stimulated before source A has its vertex at the

. At .
co-ordinate V' (—uzﬂ, 0), since Atyg = tg—ty, = —(t, —tg) = —Atg,.

UAt g

,0) will be the co-ordinate of the Vertex of one branch of a hyperbola

The general equation of a hyperbola with center at origin and transverse axis along the X-axis is:

xZ 2

Smm=1 (39)

Where C and D are the semi-lengths of the transverse and conjugate axes respectively. The value of
the constant C is already known to us from (30) since it represents the distance of the vertex of the
hyperbola from the origin. That is,

Ult4p
2

C= ..(3r)
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However, the value of the constant D is yet to be determined. Once D is found and put into (3q), we
would have arrived at the required equation of the hyperbola. (Note that the sources A(—a, 0) and
B(a, 0) lie at the foci of the hyperbola).

Differentiating Equation (3q) with respect to time,

1 dx 1 dy
—2x— —=2y—==0
c? dt D2 ydt

The above equation should hold true for all times t = T > tz > t4. This would mean that for t = T,

1 dx 1 d
—.2x— - —2.2y—y =0 (3s)
C dtt=1 D dti=1

From Equations (3i), (3I) and (3m),

_ 2 2 3 2

ax  _ 4u(R(T)+T(T))(:?(T) r(@)° _ 4u.2a. (UAtAI;) _ W(Atap) .(31)
dtt=1 16a 16a 2a

2x

From Equations (27), (3I) and (3m),

- 2 _ 2 2_ 2 2_ 2
Zy.ﬂ __ 4u(R(r)+r(T))((R(TZ) r(@)?-4a?) 4‘u.2a((u.AtAB)2 4a?) _ _ u((uatyp)’—4a?) .(3u)
dti=r 16a 16a 2a
Substituting (3t), (3u) and (3r) in Equation (3s),
1 u3(4typ)? il u((wAtap)®—4a?)\ 0
UAtABy 2 2a ‘ ﬁ(— 2a ) -
™
On algebraic simplification of the above, we get:
2 2 2
D? = g2 — X las) _ 2 (—uAtAB) = a? - (C? (3v)  (By(3r))
4 2
Substituting (3v) and (3r) in (3q), we finally arrive at,
X2 2
_ Y =1

(Me)’ o (wAn)’

This is the analytical equation of the hyperbola representing the locus of all the points of intersection
between two circular wavefronts emanating from sources A and B when stimulated at times t4 and
tp respectively (t4 < tg).

It is expressed in terms of the Inter-Pulse Interval At,p, the speed of propagation of the circular
wavefront u and the position of the sources (a, 0) with respect to the origin, lying midway between
the sources.
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Remarks:

A. On the Hyperbola Equation

e The vertices of the hyperbola lie at the co-ordinate points V(Mzﬁ,O) and
Vv (_ ultpy ’ 0)

2
e The foci of the hyperbola lies at the co-ordinate points A(—a, 0) and B(a, 0)

e The center of the hyperbola lies at the origin 0(0,0)

B. Inthe reverse situation, where source B is stimulated before source A (i.e. tg < ty), an
identical equation can be derived with the difference that At is replaced by Atg4. Note
that AtBA = tA - tB = _(tB - tA) = _AtAB'

2 2

X y

(uAtBA)Z az_(uAtBA)z
2 2

=1

C. When the time interval spanning the stimulation of either sources A and B in succession of
each other in any order is brought to zero, that is as Atz — 0 or as Atg, — 0, both vertices
approach the origin 0(0,0) and the branches gradually straighten out to coincide with the Y-
axis, whose equation is x = 0. To illustrate this, put 4t,5 = 0 in the hyperbola equation:

2
= L=-1= x2=02.(1+%)= 0=>x=0

D. Eccentricity of the Hyperbola
We found that that the expressions for the squared lengths of semi-transverse axis and semi-

. . 2 _ (ultyp 2 20 > UAt g 2 . ..
conjugate axis to be C* = — and D* = a* — > respectively. The eccentricity e

of a hyperbola is related to these quantities by the expression:

D% = C%*(®-1)

o (ultpp 2
a?-(—A%

(‘U.AtAB)Z
2

2a
= e= >1
UAtp

Since the eccentricity of a hyperbola is always greater than unit. This would mean that:

ultup < 2a
R(t) —r(t) < 2a ..(3w) (By (3p))

Equation (45) holds true when source A is stimulated before source B. However, for the
reverse scenario when source B is stimulated before source A, the following inequality
should hold:

r(t) — R(t) < 2a ..(3x)

From the inequalities (3w) and (3x), it may be concluded that the Principal Condition to be
fulfilled for the generation of hyperbolas is:

[R(t) —r(t)| < 2a (3y)
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E. Ancillary Condition for the Generation of a Hyperbola
On inspection of the hyperbola equation, it is clear that the denominator of the y? term be
a positive quantity (lest, we get an ellipse instead). That is,

UAt 45\ 2 Ult 15\ 2 uAdt
az—( AB) >0:>( AB) <1:>| AB|<1
2a 2a

We found earlier for a Straight Line/Convex/Concave Semicircular Stimulus, the expressions
for At,p are given by equations (1) and (2). On substituting these into the above inequality,
we arrive at the ancillary conditions for the generation of the hyperbola. These are stated in
§2.2.2.3 of the main text, and also reiterated here below:

(i) For Straight line Stimulus:
|(3) (£> SinB| <1
v/ \2a
(ii) For Convex/Concave Semicircular Stimulus:

) G st

<1
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Derivation of Equations (5), (6) and (7)

(1) When the Stimulus is an Infinitely long straight line (see Fig. 13 Main Text)

AB = BC = CA = () ...(5a)
B+ 6 = 90° ...(5b)
B-a = 60° ...(5¢)
AA; = AC.Sina = 0.Sina = 0.Sin(B - 60°) ..(5d)  (By (50) and In AAALC, Sina =22

A4,

AA, = AB.Cos@ = ().CosO = .Cos(90° — B) = .Sinf ...(5€) (8y(sb)andin AAALC, Coso =222

Otae = to-ty =20 = QM .(5f)  (By(5d))
AA Si
Otap = tg-ty=22=0 58 (50 (By(5e))

A1A; _ AAy—AA,
v - v

AtCB = tB_ tC =

I
)

ShE_ o SnB-S0 (py (5d)&(Se))

= (w _ sin(B- 60°))

v v

_@ Cos(BRR0D ..(5h)

v

Summarizing (5f), (5g) and (5h):

Sin(B - 60°)
Aty = Qo —m8M8M8M8—
AC "
Sinf3
Aty = Q. ——
AB "
Cos(p — 30°
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(2) When the Stimulus is a Convex Semicircle (see Fig. 14 Main Text)

From Right ACC'B,
CB? = CC'? + C'B?
(2)? = (CCH? + (CBCos(60° — B))?
02? = (CCH? + 22Cos?(60° — B)
CC' = 0.5in(60° — B) ..(6a)

From Right AOMP,
PM = pSin6, ...(6b)

From the top figure it is clear that PM is equal and parallel to CC'. So it follows from (6a)&(6b),

pSing; = 0Sin(60° — B) ..(6€)
= pCosl; = \/m
= /p%2(1 — Sin%6,)
= \/p? — p?Sin?6,

= \/p? — 22Sin%(60° — B) ..(6d) (By (6c))

From Right AONR,

ON = pCosb, ...(6e)

NR = pSin6, ...(6f)
From Right ARNB,

NB = Cosf ...(68)

NR = 0Sinf ...(6h)

From (6f) and (6h),
pSinf, = ASinB  ...(6i)
= pCosl, = \/m
= \/p2(1 — Sin26,)
= \/p? — p2Sin26,

=/p? —02Sin?B  ..(6]) (By (6i))
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From (6e) and (6g),

OB = ON + NB = pCos0, + 2Cosp ...(6k)

From Right APMO,
OM = pCosB, ..(6l)

From Right ACC’'B,
C'B = NCos(60° — B) ...(6m)

Also,
MC' = 0B — (OM + C'B)
= pCosB, + NCosP — (pCosH, + NCos(60° — B)) (By (6k), (6l), (6m))

From both figures it is clear that MC’ is equal and parallel to PC. So it follows that,

PC = pCosB, + QCosP — (pCosh; + NCos(60° —B))  ..(6n)

Distance covered between contacting Sensors A and C in succession = PC

Time Interval between contacting Sensors A and C in succession = Aty

PC

__ pCosBr+ NCosB—(pCosO;+ nCos(60°—pR))
v

(By (6n))

_ JpZ-025in2 8+ 0Cosf—(y/ p2—02Sin%(60°—B)+ 2Cos(60" - B))

v

(By (6d),(6]))

Jp2—-02sin2p —Jpz—!ZZSinZ(60°—ﬁ)+!2(C05/3’—Cos(60°—,8))

4

Distance covered between contacting Sensors A and B in succession = QB
= 0B -0Q
= pCosO, + NCosf — p (By (6k))

= \/p? — N2Sin?B + QCosf — p ..(60) (By (6])
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Time Interval between contacting Sensors A and B in succession = Atyp

@B
v

\Jp?E—02Sin2B+0nCosp—p

v

(By (60))

From the bottom figure it is clear that when the point P on the convex stimulus coincides
with the sensor at point C, the point M will coincide with the point C’ because PC and MC’ are
equal and parallel to each other. Also the point Q on the convex stimulus remains always
ahead of the point M by a distance equal to MQ.

Distance covered between contacting sensors C and B in succession = Distance travelled by
point Q towards Sensor B, after point P contacts sensor C = QB

= C'B- MQ
= CB.Cos(60" — B) — (0Q — OM)
= .QCos(60° - ﬁ’) — (p — pCosb,)

= .QCos(60° - ﬁ’) —p + pCosH,

= 0Cos(60° — B) — p + /p? — 22Sin?(60° — )

-.(6p)  (By(6d))

Time Interval between contacting Sensors C and B in succession = At.p

_ OB
- v
_ CB-MQ
- v
0Cos(60"—B)—p+ /pz—nzsmz(m“—ﬁ)

v

(By (6p))
Summarizing the ISlIs below:

Jp2-02sin?p —JpZ—QZSin2(60°—ﬁ) + R(CosB—Cos(60°—B))
Atye =

v

_ p%2-02Sin?B +0CosP — p

4

0Cos(60°—B) — p + /pZ—QZSinZ(60°—B)
AtCB -

4

Where the condition p > \/Z—g.() must be satisfied in order that the convex stimulus make

successive sensors contacts, for the entire angular range, 0" < 8 < 30°.
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(3) When Stimulus is a Concave Semicircle (see Figures 15 Main Text)

From Right ACC'B,
CB? = (CC")? + (C'B)?
o 2
= 02 = (CC')? + (02Cos(60° - )

= CC' = 0Sin(60° — B) .(7a)

From Right AOMP,

PM = pSin6, ..(7b)

From the top figure it is clear that PM is equal and parallel to CC'. So it follows from (7a)&(7b),
pSinf; = NSin(60° — B) ..(7¢)
= pCosf, = /p?Cos?0,
= /p?(1 — Sin%6,)
= \/pz — p?Sin?0,

= JJp2—075in2(60° — B) ..(7d) (By (7)

From Right AONR,

ON = pCosb, ..(7€)

NR = pSin6, ..(7f)
From Right ARNB,

NB = Cosf ..(78)

NR = QSinf ..(7h)

From (7f) and (7h),
pSinf, = ASinB  ..(7i)
= pCosl, = \/m
= \/p2(1 — Sin26,)
= \/PZ — p2Sin®0,

=p? —02Sin?2B  ..(7j) (By(7i))
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It can be seen from the bottom figure that,

OB = ON — NB = pCos8, — QCosf .(7k)  (By (7e)&(7g))
From Right APMO,
OM = pCosB, (71)
From Right ACC’'B,
C'B = NCos(60° — B) ~.(7m)

Also,
MC' =MO —-C'0
= MO — (C'B + BO)
= pCosB; — (NCos(60° — B) + pCosB, — NCosP) (By (7k), (71), (7m))

From both figures it is clear that MC’ is equal and parallel to PC. So it follows that,

PC = pCosB; — (2Cos(60° — B) + pCosh, — NCospP) ..(7n)

Distance covered between contacting Sensors A and C in succession = PC

Time Interval between contacting Sensors A and C in succession = Aty

PC

__ pCosh;—(2Cos(60°—B)+pCosh,—0Cosp)
v

(By (7n))

_ /p2—025in2(60°—B)—(2C0s(60° =)+ pZ—02Sin%f—0Cosp)

v

(By (7d),(7]))

\/pz—.QZSinZ(60°—ﬁ)—\/ 2_02Sin?B + 2(CosB—Cos(60°—PR))

v

Distance covered between contacting Sensors A and B in succession = QB
= Q0 - BO
= p — (pCos8, — NCosp) (By (7K))

= p —+/p? — Q2Sin?B + NCosPB ..(70)  (By (7))

Page 13 of 158
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

Time Interval between contacting Sensors A and B in succession = Atyp

@B
v

p—/ p2—025in2B+NCosp
v

(By (70))

From the bottom figure it is clear that when the point P on the concave stimulus coincides
with the sensor at point C, the point M will coincide with the point C’ because PC and MC’ are

equal and parallel to each other. Also the point Q on the concave stimulus remains always
behind the point M by a distance equal to MQ.

Distance covered between contacting sensors C and B in succession = Distance travelled by
point Q towards Sensor B, after point P contacts sensor C= QB

= QM +C'B
= (Q0 — M0) + C'B

=p—pCosH, + .(2C05(60o - [)))

= p—+/p? —022Sin2(60° — B) + NCos(60° — p)

~(7p)  (By(7d))

Time Interval between contacting Sensors C and B in succession = At.p

@B
v

__ QM+C'B
v

p — |p2=0%5in? (60°—p) + 0Cos(60°—p)

v

(By (7p))
Summarizing the ISlIs below:

Jpz—ﬂzsin2(60°—ﬁ)— Jp2—028in2B + n(CosB—Cos(60°—R))

v

Atye =

At,n = p —/ p%2—02Sin2B+0NCosp
AB — v

p— / p2—0%5in*(60°—B) + Cos(60'—B)
AtCB ==

v

. 3 e .
Where the condition p > g!) must be satisfied in order that the convex stimulus make

successive sensors contacts, for the entire angular range, 0" < 8 < 30°.
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Derivation of Equations (8), (9) and (10)

C(0,c)

A(-a,0) o M, B(b,0)

Let us consider the general most case, where three Sensors are placed at the vertices
A(—a,0),B(b,0) and C(0, c) of a scalene triangle, with respect to the origin O of XOY Frame
as shown in the figure below (N.B. a > 0, b > 0,c > 0. Also, M1, M2 and M3 are the mid-
points of sides AB, AC and CB respectively of the scalene AABC).

The stimulus is made to contact these Sensors located in the Peripheral Field, in temporal
succession. Consequently, three circular wavefronts are emanated outwards from the
isomorphically placed Sources in the Central Field (each Source acting as a center for a circular
wavefront). The geometrical analysis is done in three parts, by taking pair wise source
stimulations and finding the equations of the hyperbolas with the sides AB, AC and CB as
transvers axes, with respect to the fixed origin 0(0,0) of the XY-frame.

(i) Successive Stimulation of Sources A(—a, 0) and B(b, 0)

From the figure below, two frames are considered XOY and X’O’Y’. The Origin O’ is located
midway between the Sensors A and B.

Y,
a+b
A:—a;b.i}} o ;(; B{ .0
"
A{—a,0) {é} }{ B(b.0)
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40’ | = |0'B _|AB|_a+b
- 2 2

|AB| = |A0| +|0B| = a + b,

The coordinate of O’ with respect to O is (bz;a, 0).
With respect to the X’0O’Y’ Frame, the equation of the hyperbola generated on stimulating the

Sources A and B successively, takes the form of Eq(3).

G O g s
Uas? (BB oy (82)

2

Where J,5 = u'AZtAB and AB = a +b.

With respect to the XOY Frame, the coordinate transformation equations for translation

operation are given by:
x=x+0p

y=y+aq

Where (p, q) represents the coordinates of the origin O’ w.r.t O. That is, (b;, 0).

Therefore, we can write,
brg ..(8b)

Substituting (8b) in (8a),

This is the required equation of the hyperbola with transverse axis along the side AB of

AABC, generated when sources A and B are stimulated successively.
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(ii) Successive Stimulation of Sources A(—a, 0) and C(0, ¢)

'O'III'”

2 0 D n K” 2

The midpoint of side AC of AABC is chosen as the origin O”” of the X”0”Y” Frame. From the
previous figure, we can see that in Right AAOC, where O is the origin of the XOY Frame, the
following relation holds,

AC? = AO? + CO? = a? + ¢?

= AC =+ a? + c?

AC Va? + c?
= A40"=0"C=— =——

So we can write the respective coordinates of vertices A and C with respect to the X”0”Y”

Y+ 0y and 22 0).

Frame to be (—

With respect to the X”O”Y” Frame, the equation of the hyperbola generated on successively
stimulating the Sources A and C, takes the form of Eq(3).

(") B 8
Un)? (E)Z—(]AC)Z =Ll ...(93)

2

WAt4c vaZ+c?
o

Where J4c = > and AC =

Consider a clockwise rotated X'O’Y’ Frame with respect to the X”0”Y” Frame, where their
respective origins O’ and O” are coincident and the positive X'-axis is aligned parallel to the
positive X-axis of the XOY Frame.

Note that O’ (and O”) lie at the midpoint of the side AC of AABC, and can therefore be ascribed
the coordinate (— %,g) with respect to origin O of the XOY Frame.

Then with respect to the X’O’Y’ Frame, the coordinate transformation equations for rotation
operation are given by:

()= oo cow)G7) o0

Where 8 = —« for clockwise rotation. The magnitude of « is equal to the angle 2CAB.
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Applying the Cosine Rule for AABC,

AC?* + AB? — CB?

Cos(£CAB) = > AC.AB
(VaZ + c¢%)? + (a + b)? — (Vb2 + c2)?
= Cos x =
2.(Wa? +c?).(a+b)

a

= (oS X = T ...(9¢)

= Sin o = —

VaZtc?

Substituting (9c) in (9b),
’ Cos(— Sin(— "
()= (5 a0
~(Simec coso) )

a __c
_ (\/a2+c2 \/a2+c2> (x)
- c a y”

VaZ+c2 Va2 +c?

That is,
L a "o 4 n
X=X rvid ...(9d)

With respect to the XQOY Frame, the coordinate transformation equations for translation
operation are given by:

x=x+0p ...(%e)
y=y+4q
Where (p, q) represents the coordinates of the origin O’ w.r.t O. That is, (—g,g) .

From (9d) and (9e),

a " c

X = \/a2+c2x - \/a2+czy )
C n a n C
Y = Tare X Va2 Y + 2
On rearranging the above terms, we can get,
i} a c a? —c?
X' = x+ y+
va? + c2 va? + c2 2vVa? + c?
. c a ac
y = - x + y -

va? + c? va? + c? va? + c?
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Multiplying both sides of the above two equations by Va? + ¢? and then squaring the result,

a?—c?

)2 ..(9f)

(a®> + cH)(")? = (—cx + ay — ac)?

(a®> +c?)(xM? = (ax +cy +

Reiterating equation (9a) below,

CA R
Jac)? (%)Z_UAC)Z

Multiplying both sides by (a? + ¢?) and substituting AC = Va? + cZ,

(a2+c)(x")" _ (a2+c2)(y")’"

— (a2 4 2
Uac)® 1124;02_(]“)2 =@+
2 2
Multiplying both sides by (J4¢)? (a ZC — (]AC)Z),
a’+c? 2 2 2\ (42 20,2 2 (1,112 2 2 2 (a*+c? 2
(55— Ua0)?) (@ + ADEM? = (a)*(@ + Y™ = (@ + D)) (25 = Uac)?)

--(98)

Substituting (9f) in (9g),

a?—c2\ 2
- UAC)Z) (ax +cy+ T) — (Jac)*(=cx + ay — ac)?® = (a® + c*)(Jac)? (

a?+c?
4

(a2+c2
4

- (]AC)Z) ...(9h)

After a great deal of algebraic simplification* of (9h), we arrive at the following quadratic
expressioniny,

4(c? — 4 y? + 4[2acx + c(a®? — c?) + 4cJ?]y + 4(a? — 4]%)x?
+ 4[a(a® — c?) —4aj?]x + (a® — c?)? — 8J?(a? +c?> - 2]>) =0

Which is of the form,
Py?4+Qy+R=0

*see page 27
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Where,
P =4(c?—4J%

Q = 4[2acx + c(a? — ¢?) + 4cJ?]
R = 4(a®? — 4/®)x? + 4[a(a® — ¢?) — 4aJ?]x + (a® — c?)? — 8J%(a? + c? — 2J?)

N.B. The subscript AC has been dropped from the J-parameter for notational convenience.

The Discriminant of the quadratic equation in y, can be shown after much lengthy algebraic
simplification** to be,

A= Q% —4PR

= 64J%(a’® + ¢ — 4J*)(4x* + dax +a® +c? —4]%)

Therefore, the solution to the quadratic equation in y is,

=
Y=""72p

_ —4[2acx+c(a?-c?)+4c)?|+/64)2(a2+c2—4)2)(4x2 + 4dax+a®+c2—4]2)
- 8(c2—4J2)

This is the required equation of the hyperbola with transverse axis along the side AC of
AABC, generated when sources A and C are stimulated successively.

** see page 32
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(iii)  Successive Stimulation of Sources C(0, ¢) and B(b, 0)

1|I|r.'.'

B
0" X 2

The midpoint of side CB of AABC is chosen as the origin O” of the X”"0”Y” Frame. From the
previous figure, we can see that in Right ACOB, where O is the origin of the XOY Frame, the
following relation holds,

CB? = CO* + OB? = ¢* + b?

= CB =+/c? + b2

CB c?+ b?
:>CO":0"B:_:—
2 2
So we can write the respective coordinates of vertices C and B with respect to the X”"0”Y”
A2 2 \c2 2
Frame to be (— b 0) and (C—+b 0).

2’ 2’
With respect to the X”O”Y” Frame, the equation of the hyperbola generated on successively
stimulating the Sources C and B, takes the form of Eq(3).

(=) ")
- £900 (10
Uca? (B (o2 (10a)

2

u.At Vc2+b2
Where /g = ch an = —

Consider an anti-clockwise rotated X’O’Y’ Frame with respect to the X”0”Y” Frame, where
their respective origins O’ and O” are coincident and the positive X'-axis is aligned parallel to
the positive X-axis of the XQY Frame.

Note that O’ (and O”) lie at the midpoint of the side CB of AABC, and can therefore be ascribed

the coordinate (g,g) with respect to origin O of the XOY Frame.

Then with respect to the X’O’Y’ Frame, the coordinate transformation equations for rotation
operation are given by:

x\ _ ( CosB  Sinf\ (x"
(Y’) B (—Sine COSH) (3’) -(10b)
Where 6 = +p for anti-clockwise rotation. The magnitude of f3 is equal to the angle ZCBA.
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Applying the Cosine Rule for AABC,
CB? + AB? — CA?
2.CB.AB

(VeZ+ %)% + (a + b)? — (Va? + c2)?

Cos(«CBA) =

= Cosf =
4 2.(Vc? +b?).(a+b)
= Cosfi = —— (10c)
osp = ...(10c
. _ c
= Sinf ==
Substituting (10c) in (10b),
x"\ ( Cosf Sinﬁ) (x)
y')]  \=Sinf CospB)\y"
b c
Ve2+b2  Vc2+4b2 "
)
VeZ+bZz  VcZ+b?
That is,
! &8 b n + c n (10d)
o \/c2+b2x \/c2+b2y
14 —C n b "

With respect to the XQOY Frame, the coordinate transformation equations for translation
operation are given by:

x=x+0p ...(10e)
y=y+aq
Where (p, q) represents the coordinates of the origin O’ w.r.t O. That is, (g,g) .

From (10d) and (10e),

x = A — "yl
Vc2+b? \/c2+b2y 2

—-C n b n c
y = \/c2+b2x +\/cz+b2 y + 2
On rearranging the above terms, we can get,
i} b c c? — b?
x = X — y+
V2 + b2 V2 + b2 2Vc? + b2
c b cb

=ty
JZib:  JeEini) Ve ib?
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Multiplying both sides of the above two equations by Vc? + b? and then squaring the result,

c?-p?

—)? ..(10f)

(c2+b?)(x? = (bx —cy +

(c? + bH)(¥")? = (cx + by — cb)?

Reiterating equation (10a) below,

(G 0 M
Uee)  (B)*_(jgp)2

2

Multiplying both sides by (c¢? + b?) and substituting CB = Vc? + b2,

(cz+b2)(x”)2 B (c2+b2)(y”)2
Uep* (g

= (c? + b?)

2 2
Multiplying both sides by (J¢p)? (C :b - (]CB)Z);
(c ;I;b _ (]CB)Z) (CZ + bz)(xu)z _ UCB)Z(CZ 2F bz)(y”)z = (CZ + bz)(]CB)Z (C :b - UCB)Z)
...(10g)
Substituting (10f) in (10g),
c2_p2\2 c?+b?

(c2+b2
4

— Ucs)?) -{100)

— Uea)?) (bx — ey + =) = Uep)*(ex + by — cb)? = (% + b2 (Jep)? (

4

After a great deal of algebraic simplificationt of (10h), we arrive at the following quadratic
expression in y,

4(c? — 4J2)y? + 4[—2bcx + c(b? — c?) + 4cJ?]y + 4(b? — 4]?)x?
+ 4[—b(b? — c?) + 4bJ?]x + (b? — c*)?2 — 8J2(b*> + 2 = 2]*) =0

Which is of the form,
Py?4+Qy+R=0
Where,
P =4(c?—4J?)
Q = 4[—2bcx + c(b? — ¢?) + 4cJ?]
R = 4(b% — 4]%)x? + 4[-b(b% — c?) + 4bJ?]x + (b? — c?)? — 8]%2(b? + c? — 2]?)
N.B. The subscript CB has been dropped from the J-parameter for notational convenience.

tsee page 34
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The Discriminant of the quadratic equation in y, can be shown after much lengthy algebraic
simplificationtt to be,

A= Q%—4PR

= 64J2(b? + c? — 4]?)(4x? — 4bx + b? + c? — 4J?)

Therefore, the solution to the quadratic equation in y is,

_ —Q+Va
2P

_ —4[-2bcx+c(b?—c?)+4c]?]+/64)2(b2+c2—4)2) (4x2— 4bx+b2+c2—4]2)
Y= 8(c2-4J2)

This is the required equation of the hyperbola with transverse axis along the side CB of AABC,
generated when sources C and B are stimulated successively.

Summarizing Equations (8), (9) and (10), for a Scalene Triangle

(i)

(i)

(iif)

Equation of Hyperbola generated when Sources A and B are stimulated
successively

Equation of Hyperbola generated when Sources A and C are stimulated
successively

—4[2acx+c(a2—c2)+4c1A62]i\/64]A62(a2+c2—4/ACZ)(4x2 + 4ax+a?+c2-4;,.2)
Y= 8(C2_41AL‘2)

Equation of Hyperbola generated when Sources C and B are stimulated
successively

—4[—2bcx+c(b2—c2)+4CJCBZ]iJ64]CBZ(b2+c2—4-1632)(4x2— 4bx+b2+c2-4j,,2)
y B 8(C2_4]CBZ)

Ttsee page 39
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For an Equilateral Triangle

The co-ordinates of the vertices of an equilateral AABC of side length 2a, are obtained by
placing b = a and ¢ = V3a. Hence, the vertex co-ordinates become A(—a,0),
B(a,0) and C(O,\/ga). Substituting these in the equations (8), (9) and (10) for a scalar
triangle.

(i) Equation of Hyperbola generated when Sources A and B are stimulated

successively
x2

(ii) Equation of Hyperbola generated when Sources A and C are stimulated
successively

—V3.a(ax —a? +2/,¢%) + 4]AC\/(a2 - ]Acz)(xz +ax + a?— Jac)
(Ba? - 4]Ac2)

y:

(iii) Equation of Hyperbola generated when Sources C and B are stimulated
successively

V3.a(ax +a? — 2Jc5°) + 4]53\/((12 - ]CBZ)(XZ - ax + a?— Jeg%)
- (a2 — 4/5")
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For an Isosceles Right Triangle

The co-ordinates of the vertices of an equilateral AABC with hypotenuse 2a and adjacent side

lengths v2a, are obtained by placing b = a and ¢ = a. Hence, the vertex co-ordinates
become A(—a,0), B(a,0) and C(0, a). Substituting these in the equations (8), (9) and (10)
for a scalar triangle.

(i) Equation of Hyperbola generated when Sources A and B are stimulated

y= i\/(az _]ZAB)\/<%_ 1)

(ii) Equation of Hyperbola generated when Sources A and C are stimulated
successively

successively

—a(ax +2Juc%) * J4]Acz(a2 — 22 (2X° + 2ax + @ = 2/,c)
(a? = 4Jac?)

y:

(iii) Equation of Hyperbola generated when Sources C and B are stimulated
successively

a(ax — 2Jcp*) + \/41632(112— 2]6,32)(2x2 — 2ax + a?— 2Jcd)
(a% - 4]cp”)

y:
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Algebraic Simplification of (9h)
Reiterating (9h) below,

2 a?+c?

(ZF — Ua0)?) (ax + ey + 59 = Gae)?(—ex +ay — ac)? = (@ + ) Uae)* (25 ~ Ua)?)

Multiplying both sides by 4,

2
(@ +c? =4(ac)?) (ax +cy+ aZ;CZ) — 4(Jac)*(—cx + ay — ac)? = 4(a® + c*)(Jac)? (aZICZ - (]AC)Z)
.(9h1)
Expanding the first term of LHS,
2 2\2
(@®+c? = 4(Ja0)?) (ax + cy+a 5 ‘ )
2
=(a® +c? —4(J0)H) | a?x? + c?y? + @< + 2 2 @< Zaz_c2
AC y acxy + 2¢y.———+ 2.——.ax
2 232
= (a®> +c? —4(10)) ((Jtzx2 +c?y? + ( 7 C By 2acxy + cy(a? —c*) + ax(a® — cz)>
..(9h2)
Expanding the second term of LHS,
4(J4c)?(—cx + ay — ac)?
= 4(Juc)?(c®x? + a®y? + a®c? — 2acxy — 2a%cy + 2ac?*x) ...(9h3)

Subtracting (9h3) from (9h2), we get LHS of (9h1),

a?-c?
2

2
LHS = (a® + ¢? — 4(J40)?) (ax +cy+ ) — 4(Jac)?(=cx + ay — ac)?

= [otz(a2 +c* - 4(]AC)2) - 462(]146)2]362 + [cz(a2 +c* - 4(]AC)2) - él-az(]AC)Z]y2 +
[Zac(a2 + % - 4(]AC)2) + 8ac(]AC)2 ]xy + [(az + ¢ - l}(]AC)Z)a(a2 — cz) — 8ac2(]AC)2]x +

[(az +ct—4Q )2) c(a® = ¢*) + 8a*c(J )Z]y + (a2 +ct—4( )2) @2 — 4a’c%(J, )?
AC AC AC 4 AC

The RHS of (9h1) contains only a constant term.

a?+c?

“C — Uac)?)

RHS = 4(a? + ¢*)(Jac)? (

Therefore, after transposing and clubbing the constant term of the RHS with the constant
term of the LHS, we may write equation (9h1) as follows,
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[az(a2 +c* - 4(]AC)2) - 4c2(]AC)2]x2 + [cz(a2 +c* - 4(]AC)2) - 4a2(]AC)2]y2 + [Zac(a2 4+ -
4(]AC)2) + 8ac(]AC)2 ]xy + [(a2 4% — 4(]AC)2)a(a2 - cz) - 8acz(]AC)2]x + [(a2 4+ -
4(]AC)2) c(a2 - cz) + 8a2c(]AC)2]y + (a2 +ct - 4(]AC)2) _(a24_cz)2 - ALazc'z(]AC)2 - 4(a2 +

A0, (HE - 0,07) = 0

4

Which is of the form,

Ax* + By* + Cxy +Dx + Ey+F = 0 ...(9h4)

Where,
A= a*(@® + c* — 4(Jac)?) — 4c?(Juc)?
B = c?(a®+c? = 4(Ju0)?) —4a*(Jac)?
C =2ac(a®+ c? — 4(Jac)?) + 8ac(J4c)?
D = (a® + c® — 4(Jac)»ala? — ¢?) — 8ac?(J,¢)?
E = (a?+c*—4(Ja0)?) c(a® — c®) + 8a*c(Juc)?

@=cH 4a%c?(J40)? — 4(a® + c¥)Jac)? (a ZC - (]AC)2>

F = (a®+c*—4(Jac)®) 4

Simplifying each of the above coefficients,

A= a*(a®+c® = 4(Jac)?) — 4c*(Jac)?
= a*(a® + ¢*) —4a®(Jac)? — 4c*(Jac)?
= a*(a® +¢?) — 4(Jac)*(@® + c?)

(a® + c?)(a® = 4Ua0)?)

B = c*(a®*+c*— 4’(]AC)2) - 4a2(]AC)2
c?(a® + c?) — 4c*(Jac)? — 4a*Jac)®
c2(a? + c?) — 4(Jac)%(c? + a?)

(@ +c®)(c? = 4(Jac)?)

C = 2ac(a® + c* = 4(Jac)®) + 8ac(Jac)?

= 2ac(a® + ¢?)

D = (a* + c* = 4(Jac)»a(a® — c*) — 8ac?(Juc)?
= (a* + c®a(a® — c?) — 4(Jac)*a(a® — c?) — 8ac®(Juc)?
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= (a? + c?a(a? — ¢?) —4a(Jsc)?(@® — c? + 2c¢?)
= (a? + c®)a(a® — ¢?) — 4a(Jc)*(a® + c?)

= (a® + c*)(a(a® - c*) — 4a(uc)?)

E= (a®+c?—4(Ja0)%) c(a? — c?) + 8a’c(Juc)?
= (a2 + c?)c(a? — ¢?) — 4(Jac)?c(a? — c?) + 8a?c(Juc)?
= (@ + c¥)c(a? — ¢?) — 4c(Juc)?(a? — ¢ — 2a?)
= (a® + c?)c(a? — c?) + 4c(J0)%(a? + ¢?)

= (@® + c*)(c(a@® = ) + 4c(Jac)®)

F = (a®+c*— 4(]AC)2)@2 — 4a®c*(Jac)* — 4(a® + c*)(Jac)? (azzcz - UAC)2)
(- )° (& - ¢2)* a* + c?
= (@4 )= = 40, - 40¢0, ) - 4@+ ) - 0,0
(2 2 (az_cz)Z 2 (2 232 2,2 2 2, .2 2 a’+c? 2
(a® +c?) 4 = Jac)? (@® —c*)* — 4a®c*(Jac)® — 4(a® + c*)Jac) Y Uac)
= @+ ) (071 - )2 4+ dae?] - 4G + ) () (“ - UACV)
2 z(az_cz)2 20,2 232 2 2 2 a*+c? 2
= (a*+c?) ) = (Jac)?(@® + c*)* —4(a® + c*)(Jac) ( 2 _(]AC))
= (a® + ¢?) {(a ;C ) = Jac)?(@® + c?) — 4(Ja0)? (a Z < - UAC)Z)}

= (a® + ¢?) {(a <) — (Jac)? [(az +c?)+4 (a Z - UAC)Z)”

(a? =’

4

= (a* + CZ){ — (Jac)?*[2(a® + ¢*) - 4(]AC)2]}

— (az + CZ) {(a2;c2)2 B ZUAC)Z(aZ +c2— ZUAC)Z)}

Summary of Coefficients,
A= (@ +c*)(@® —40ac)»)
B = (a®+c*)(c? —4Uac)®)
C = 2ac(a® +c?)
D = (a? + c®)(a(a® — c¢?) —4a(Jic)?)

E = (a*+ c®)(c(a® — c*) + 4c(a0)?)
F =@+ - 20,0%@ + ¢~ 20,0
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Substituting above coefficients in (9h4),
(a® + c®)(a? — 4(Jac)D)x? + (@® + D) (c? — 4(J0)D)y? + 2ac(a? + cH)xy + (@® + c*)(ala? — c?) —

10,0 + (@ + el — ) +4ca)Dy + @ + D {ED 20,020 + 2~ 20,00) = 0

Dividing both sides by (a? + ¢?),

(@ = 4(Jac))x* + (c® = 4(Jac)Dy? + 2acxy + (a(a® — c?) = 4a(Jac)>)x + (c(a® = ) + 4c(Jac)>)y +
2_.2)2
{—“‘ ) 2040)%(@* + ¢ - ZUAC)Z)} =0

Multiplying both sides by 4,

4(a®? — 4(Jac)>)x?% + 4(c? — 4(Jac)®)y? + 8acxy + 4(a(a? — c¢?) — 4a(J ) H)x + 4(c(a? — c?) +
4c(Jac)Py + (@ = c*)? = 8(Jac)?(a® + c* = 2(Juac)?) = 0

Rearranging teyms to form a quadratic expression in y,
4(c? =41, )y* + 4[2acx +c(a® —cH)+ 4c]A62\jy +4(a? -4, )x?

+ 4[a(a2 - Cz) - 4a]AC2]x + (az - CZ)Z - 8]AC2(a2 +c? - 2]AC2) =0

...(9h)

This is the required quadratic equation (29h) in'the main text, which is of the form,
Py*+Qy+R=0

Where,
P =4(c?—4J?)

Q = 4[2acx + c(a? — ¢?) + 4cJ?]
R = 4(a®? — 4J®)x? + 4[a(a® — ¢?) — 4aJ?]x + (a® — c?)? — 8J%(a? + c? — 2]?)

Its discriminant is given by,
8 Y A= Q?—4PR

Evaluating 4 term-wise,

Q% = 16(2acx + c(a? — c?) + 4cJ?)?

= 16(4a?c?x? + c?(a®? — c?)? + 16c¢?J* + 4ac?x(a? — c?) + 8¢?J?(a® — c?) +
16ac?x]?)
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= 64a%c?x? + 16c%(a® — c?)? + 256c¢%]* + 64ac?x(a® — c?) + 128c?J?(a® — c?) +
256ac?x]?

= 64a%c?x? + 64ac*x(a® — c?) + 256ac?xJ? + 16c?(a? — c?)? + 256¢?]* +
128c?%J%(a? — c¢?)

= 64a’c?x? + [64ac?(a? — ¢?) + 256ac?]?]|x + 16c¢%(a? — c?)? + 256¢%]* +
128c?%J%(a? — c?)

P.R = {4(c? — 4J>)}{4(a® — 4]*)x* + 4[a(a® — c?) — 4a]?]x + (a® — ¢?)?
—8J%(a® +c* = 2J%)}

=16(c? — 4/%)(a®? — 4J9)x? + 16(c? — 4/¥)[a(a?® — ¢?) — 4aJ?]x +
4(c? = 4*){(@® = c*)? = 8J%*(a® + ¢* = 2J%)}

Multiplying both sides by 4,

4P.R = 64(c? — 4J*)(a? — 4]J*)x? + 64(c? — 4H)[a(a® — c?) — 4a]?]x +
16(c? — 4J*){(a® — c*)? — 8J%(a? + c? — 2J?)}

Substituting Q2 and 4PR into the expression for 4,

A = Q% —4PR

= {64a%c? — 64(c? — 4]%)(a? — 4)*)}x? + {64ac?(a’® — c?) + 256ac?]? —
64(c? — 4J*)[a(a? — c?) — 4aJ?]}x + 16c¢?(a? — c?)? + 256¢?J* + 128¢?J?(a? — c?) —
16(c? — 4J>){(a?® — c?)? — 8J2(a? + ¢c? — 2J?)}

Coefficient of x2 in 4,

64a’c? — 64(c? — 4J*)(a? — 4J?)
= 64a%c? — {64a%c? — 256¢?]? — 256a?]? + 1024]*}

= 256¢%]% + 256a%]? — 1024J*
= 256/%(c* + a® —4J%)

Coefficient of x in 4,
64ac?(a? — c?) + 256ac?J? — 64(c? — 4)*)[a(a? — c?) — 4aj?]

= 64ac?(a® — c?) + 256ac?J? — 64a(c? — 4J?)(a® — c?) + 256aj%(c? — 4J?)
= 64ac?(a? — c?) + 256ac?J? + 256aj%(c? — 4J?) — 64a(c? — 4J?)(a? — c¢?)
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= 64ac?(a® — c?) + 256aJ%(c? + c? — 4J%) — 64a(c? — 4]*)(a® — c?)
= 64ac?(a® — c?) + 512aj%(c? — 2J?) — 64a(c? — 4J*)(a® — c?)

= 64ac?(a® — c?) — 64a(c? — 4J?)(a? — c?) + 512aJ?*(c? — 2J?)

= 64a(a® — c?)(c? — c® + 4J%) + 512aJ?(c? — 2J?)

= 256aj%(a? — c?) + 512aj%(c? — 2J?)

= 256aj%(a? — c? + 2(c? — 2J?))
= 256aj%(a? + c? — 4J?)

Coefficient of x° in 4,

16¢%(a? — ¢?)? + 256¢2]* + 128¢?J?(a? — ¢?) — 16(c? — 4)/*){(a? — c¢?)? -
8J%(a® + c? - 2J%)}

= 16c%(a? — c?)? + 256c¢%J* + 128¢?J%(a® — ¢?) — 16(c? — 4J%)(a® — c¢?)* +
128J2(c? — 4J%)(a? + % — 2J?)

= 16c%(a? — c¢?)? — 16(c? — 4J*)(a? — ¢?)? + 256¢?J* + 128¢?J?(a? — ¢?) +
128J2(c? — 4J%)(a?® + % — 2J?)

= 16(a? — c®)?(c? — c? + 4J?) + 256¢?J* + 128¢?J?(a? — c?) + 128J?(c? — 4/*)(a? +
c?—2J%)

= 64(a? — c?)?J? + 256¢?J* + 128c?J%(a? — c?) + 128J2(c? — 4]*)(a® + ¢? — 2J?)
= 64(a? — c?)?J? + 128c¢?J%(a® — ¢?) + 256¢%]* + 128J2(c? — 4]*)(a® + c? — 2]?)
= 64J%(a® — c?)(a® — c¢? + 2¢?) + 256¢2]* + 128]2(c? — 4J?)(a® + c% — 2J?)

= 64J%(a® — c?)(a? + c?) + 256¢?J* + 128]%(c? — 4J?)(a® + c?) — 256]*(c? — 4]?)
= 64J%(a? — c?)(a? + c?) + 128]2(c? — 4/%)(a® + c?) + 256¢%]* — 256]*(c? — 4J?)
= 64J2(a? + c?)(a? — c? + 2(c? — 4J?)) + 256]*(c? — (c? — 4/?))

= 64J%(a® + c?)(a® + c? — 8]%) + 1024)°

= 64J%{(a® + c?)(a® + c? — 8]?) + 16]*}

= 64J%(a* + a?c? — 8a?J? + c?a® + c* — 8c?J? + 16J%)

= 64J%(a* + c* + 16]* + 2a%c? — 8c?J? — 8a?]?)
= 64J%(a® + c* — 4J%)*

Therefore, the discriminant A becomes,
A= 256J2(c? + a? — 4)*)x? + 256aJ?*(a® + c? — 4]*)x + 64]%(a® + c? — 4]?)?
= 64J%(c? + a? — 4]%)(4x? + 4ax + a? + c? — 4]?)

The solution of the quadratic equation (9h) in y is,
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_ —Q+VA
Y

That is,

_ —4[2acx +c(a® — c?) +4cJ?] + J64J2(c? + a? — 4J2)(4x2 + 4ax + a® + ¢ — 4J2)
y= 8(c% — 42

This is one of the required equations in the box on page 24.
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Algebraic Simplification of (10h)
Reiterating (10h) below,

c?+b?

) = Uap)?(ex + by — cb)? = (¢ + b)Uen)? (S22 - en)?)

(52— Uea)?) (b — ey +

c?-p?
2

Multiplying both sides by 4,

2 2 2 c2-p%\? 2 2 2 2 2 (c2+b? 2
(c? + b2 — 4(Jcp)?) (bx — ¢y + =) = 4(cp)*(ex + by — cb)? = 4(c? + b (Uep)? (o = Ucw)?)
..(10h1)
Expanding the first term of LHS of (10h1),
c2— p? 2
(c2+b%—4(cp)?») (bx -yt — )
2 2\ 2 2 2 2 2
- —b —b
= (c?+b%-4(c5)? (bzx2 +c2y? + <C > ) — 2bcxy — ZCy.C s+ 2.5 5 .bx)
5 ) (CZ __bZ)Z
= (c?+b?—4(0cp)H) | b?x?% + c?y? + — 2bcxy — cy(c? — b?) + bx(c? —b?)
..(10h2)
Expanding the second term of LHS,
4(Jcp)?*(cx + by — cb)?
= 4(Jcp)?(c®x? + b?y? + ¢2b? + 2cbxy — 2b%*cy — 2bc?x) ...(10h3)

Subtracting (10h3) from (10h2), we get LHS of (10h1),

c?-b?
2

2
LHS = (c? 4+ b? — 4(Jcp)?) (bx —cy+ ) — 4(Jcp)%(cx + by — cb)?

= [02( + b? — 40 ,)?) — 42U ) % + [A(? + b2 — 40 )?) — 4627 ) ]y +
[-2bc(c® + b2 = 4 ,)?) = 8cb( )? |xy + [(c* + b — 40 ) )b(c? = b?) + 8bc*(J )] x +

(b))’
[-(* + b = 40,,)?) c(c? = b*) + 8b%c( )]y + (¢ + b* - 40 ,)?) — = 4h( )

The RHS of (10h1) contains only a constant term.

c?+b?

2 — Uen)?)

RHS = 4(c? + b*)(Jcp)? (

Therefore, after transposing and clubbing the constant term of the RHS with the constant
term of the LHS, we may write equation (10h1) as follows,
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[02(c + b? - 40 ,)?) — 427 ) |%* + [A(2 + b? — 40 )2) — 462( ) |y + [~2be(c? + b2 —
4(J,,)%) — 8cb(Jp)? Jxy + [(c* + b? = 40 )?)b(c? = b?) + 8b*(J ) |x + [(* + b? -

4 %) e(c® = b)) + 8b*c(J )2y + (¢ + b* - 4 ,)?) G 4c? b )2 — a(c® +
CB CB CB 4 CB

4

b0 (

Which is of the form,

% +b?

~Ug)) = 0

Ax* + By + Cxy+Dx+Ey+F = 0 ...(10h4)

Where,

A= b*(c*+b*—4(cp)?*) — 4c*Ucs)?
B = c*(c® + b* — 4(Jcp)?) — 4b?*(Jcp)?
C = —2bc(c? + b? — 4(Jcp)?) — 8ch(Jcp)?
D = (c? + b? — 4(Jcp)?)b(c? — b?) + 8bc?(Jcp)?
E= —(c?+b?—4(cp)?) c(c? — b?) + 8b%c(Jcp)?

(c? = b ¢? + b2

F = (c*+b*- 4UCB)2)T — 4c?b*(Jep)® — 4(c? + b*)(Jep)? ( z (]CB)z)

Simplifying each of the above coefficients,
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A= b%*(c® +b?— 4(163)2) -3 4C2UCB)2
= b?(c® + b?) — 4b*(Jcp)? — 4c*(Jcp)®
= b%(c® + b?) — 4(Jcp)*(b* +¢?)

(c® +b*)(b* = 4(cp)?)

= c2(c? + b* — 4(cp)*) — 4b*(Jcp)*

Sy
|

c®(c® + b?) — 4c*(Jep)? — 4b*(Jcp)?
c?(c? + b?) — 4(Jo5)*(c? + b?)

(2 +b2)(c* — 4(cp)?)

C = —2bc(c? + b%—4(Jcp)?) — 8chb(Jcp)?

= —2bc(c? + b?)

D = (c?+ b? — 4(Jcp)?)b(c? — b?) + 8bc?(Jcp)?
= (c? + b?)b(c? — b?) — 4(Jcp)?b(c? — b?) + 8bc?(Jp)?
= (c% + b?)b(c? — b2) — 4b(J)2(c? — b2 — 2¢2)
= (c? + b»)b(c? — b?) + 4b(Jp)*(c? + b?)

= (c* +bH)(b(c* = b*) + 4b(Jcp)?)
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E= —(c?+b?-4(0cp)?) c(c® — b?) + 8b%c(Jp)?
= —(c® + bHc(c? — b2) + 4(Jcp)2c(c? — b2) + 8b%c(Jep)?
= —(c? + b?)c(c? — b?) + 4c(Jp)?(c? — b% + 2b?)
= —(c?2+ bHc(c? = b?) + 4c(cp)?(c? + b?)

= —(c? + b?)(c(c?* — b?) — 4c(Jcp)?)

F o= (2 4+ 5 = 40D S22 4e2h2(1ep)? — 406 + b)) (S22~ Uen)?)
(c* - bz)2 (c2 - bz)z c® + b?
= (@ D) U — — 4D —4(E )0~ U
2 2 (Cz_bz)z 2 (.2 22 212 2 2 2 2 c? + b* 2
= (c* +b?) 2 — Ucp)? (¢* = b?)* — 4c*b*(Jep)* — 4(c® + b*)(Jcp) ( T Ucs) )
2 _ bZ 2 2 b2
=(c*+b?) G 2 ) — UJep)?[(c? = b*)* + 4c®b?] — 4(c* + b*)(Jcp)? (C ;I; - UCB)2>
2 2 (Cz_bz)z 202 212 2 2 2 c? + b* 2
= (c* +b?) 2 = Ucp)*(c* +b*)* = 4(c* + b*)Ucp) ( 7 —Uc3)>
2 _ b2 2 2 b2
= (c? + b?) {(c 4 ) —Ucp)?(c® + b2) — 4(Jp)? (C Z - UCB)Z)}

2 _p2 2 2 4 p2
= (c? + b?) {(C 4 ) — Ucp)? [(C2 +b%) +4 (C Z - UCB)2>]}

&
4

=(c*+ bz){ — Uep)?[2(c® + b?) — 4(]63)2]}

= (c? +b?) {@2 —2(Jcp)?(c® + b* — 2(]53)2)}

Summary of Coefficients,
A= (?+b*)(b* - 4(cp)?)
B = (c* +b*)(c* - 4(cp)?)
C = —2bc(c? + b?)
D = (c?+ b*)(b(c* = b*) + 4b(Jcp)?)
E=—(c?+b?)(c(c?* = b?») —4c(cp)?

F =+ 5 [ 20002 + b7 — 2000

Substituting above coefficients in (10h4),

(c?2+ b2 (b? — 4(c)H)x? + (c? + b)) (c? — 4(J5)H)y? — 2bc(c? + bH)xy + (c? + b2)(b(c? — b?) +
2_32\2

4‘b(]CB)2)x —(c*+ bz)(C(CZ -b*) - 40(]63)2)3’ + (2 +b?) {(C;—b) - ZUCB)Z(CZ +b% - ZUCB)Z)} =0
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Dividing both sides by (c¢? + b?),

(b2 = 40c)Ix? + (% — 4(Jcs)?)y? = 2bexy + (b(c? = b2) + 4b(Jop))x — (c(c? — b?) — 4c(Ues))y +
2_32\2
() — 20007 + b2 = 20e)D) = 0

Multiplying both sides by 4,

4(b* — 4(Jcp)*)x* + 4(c* — 4(Jcp)?)y? — 8bcxy + 4(b(c* — b?) + 4b(Jcp)»)x
- 4(C(CZ - bz) - 45(]63)2)3’ + (CZ - bz)z - BUCB)Z(CZ +b? — ZUCB)Z) =0

Rearranging terms to form a quadratic expressioniny,
4(c? — 4(Jcp)®)y? + 4[—2bcx — c(c? — b?) + 4c(Jep)*ly + 4(b° — 40 )°)x?
+ 4(b(c? — b2) + 4b(J )2)x + (2 = b2)" = 8(J )7 ( + b* — 2(J )%) = O
...(10h)
This is the required quadratic equation (10h) in the main text, which is of the form,
Py?+Qy+R=0
Where,

P =4(c? = 4(cp)?)
Q = 4[-2bcx — c(c? — b?) + 4c(Jcp)?]

R =4(b? - 4(Jcp))x? + 4(b(c® — b?) +4b(Jcp)*)x + (c? — b*)? = 8(Jep)*(c® + b? — 2(Jcp)?)

Its discriminant is given by,

A= Q?—4PR
Evaluating 4 term-wise,

Q% = 16(—2bcx —c(c* - p*) + 4c(]CB)2)2

= 16(4b%c%x? + c?(c? — b?)? + 16c?J* + 4bc?x(c? — b?) — 8¢?J?(c? — b?) —
16bc?x]?)

= 64b%c?x? + 16c?(c? — b?)? + 256¢2%]* + 64bc?x(c? — b?) — 128¢?J%(c? — b?) —
256bc?x)?

= 64b%c?x? + 64bc?x(c? — b?) — 256bc?x]? + 16c%(c? — b?)? + 256¢%]* —
128¢?J%(c? — b?)

= 64b%c?x? + [64bc?(c? — b?) — 256bc?]J?]x + 16c¢?(c? — b?)? + 256¢?]* —
128c¢?%J%(c? — b?)
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P.R = {4(c? — 40 ) H4(p? - 40 )?)x* + 4(b(* — b*) + 4b(J ;)" )x + (c* — b?)?
- 8(]63)2(62 +b* - ZUCB)Z)}

=16(c? — 4J2)(b? — 4]*)x? + 16(c? — 4J*)[b(c? — b?) + 4bJ?]x +
4(c* = 4){(c* = b*)?* = 8J%(c* + b* = 2J?)}

Multiplying both sides by 4,

4P.R = 64(c? — 4]2)(b% — 4])x* + 64(c? — 4J2)[b(c? — b?) + 4bJ2]x +
16(c? — 4J2){(c? — b?»)? — 8J2(c? + b%? — 2J?)}

Substituting Q2 and 4PR into the expression for 4,

A= (Q?—4PR

= {64b%c? — 64(c? — 4]%)(b? — 4]*)}x? + {64bc?(c? — b?) — 256bc?]? —
64(c? — 4J2)[b(c? — b?) + 4bJ?]}x + 16c?(c? — b?)? + 256¢2%]* — 128¢?J?(c? — b?) —
16(c? — 4]2){(62 - bz)z — 8]2(C2 + b? — 2]2)}

Coefficient of x2 in 4,

64b%c? — 64(c? — 4J%)(b% — 4J%)

= 64b?c? — {64b%c? — 256¢?J? — 256b%J% + 1024]*}
= 256c%J% + 256b%]% — 1024J*

= 256/%(c* + b* — 4J%)

Coefficient of x in 4,

64bc?(c? — b?) — 256bc?]? — 64(c? — 4]%)[b(c? — b?) + 4bJ?]

= 64bc?(c? — b?) — 256bc?]? — 64b(c? — 4J%)(c? — b?) — 256bJ%(c? — 4]?)
= 64bc?(c? — b?) — 256bc?]? — 256b]?%(c? — 4J?) — 64b(c? — 4]%)(c? — b?)
= 64bc?(c? — b?) — 256bJ2(c? + c? — 4]%) — 64b(c? — 4J?)(c? — b?)

= 64bc?(c? — b?) — 512bJ?(c? — 2J?) — 64b(c? — 4J?)(c? — b?)

= 64bc?(c? — b?) — 64b(c? — 4J?)(c? — b?) — 512bJ%(c? — 2J?)

= 64b(c? — b?)(c? — c? + 4J?) — 512bJ%(c? - 2J?)

= 256b/2(c2 — b?) — 512bJ2(c2 — 2J2)

= 256bJ2(c? — b% — 2(c% — 2J%))

— —256bJ2(c? + b? — 4/?)
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Coefficient of x° in 4,

16¢2%(c? — b?)? + 256¢2]* — 128¢?J?(c? — b?) — 16(c? — 4J3){(c? — b?)? —
8/2(c* + b* — 2])}

= 16¢%(c? — b?)? + 256¢%]J* — 128¢?J%(c? — b?) — 16(c? — 4J*)(c? — b?)?* +
128]2(c? — 4J2)(c? + b2 — 2J?)

= 16¢?(c? — b?)? — 16(c? — 4J?)(c? — b?)? + 256¢%]J* — 128¢?J%(c? — b?) +
128J2(c? — 4J2)(c? + b? — 2J?)

=16(c? — b?)?(c? — c? + 4J?) + 256¢?J* — 128¢?J?(c? — b?) + 128]%(c? — 4J*)(c? +
b* —2J?)

= 64(c2 — b2)2J2 + 256¢2J* — 128¢%/%(c? — b?) + 128]2(c? — 4J2)(c2 + b2 — 2J%)

= 64(c2 — b2)2J2 — 128c2J2(c2 — b2) + 256¢%]* + 128]2(c? — 4J2)(c2 + b2 — 2J%)

= 64J2(c? — b?)(c? — b? — 2c¢?) + 256¢?J* + 128]%(c? — 4J%)(c? + b? — 2J?)

= —64J%2(c? — b?)(c? + b?) + 256¢?J* + 128]%(c? — 4J?)(c? + b?) — 256]*(c? — 4J?)
= —64]2(c2 — b2)(c? + b?) + 128]2(c? — 4]2) (¢ + b?) + 256¢2]* — 256]*(c? — 4J2)
= —64J2(c? + b?)(c? — b? — 2(c? — 4J%)) + 256]*(c? — (c? — 4]?))

= 64J%(c* + b*)(c* + b* — 8]%) + 1024]°

= 64J%{(c* + b*)(c* + b* — 8J%) + 16]*}

= 64J2(c* + c2b? — 8c¥J% + b%c? + b* = 8b2J2 + 16]*)

= 64J2(c* + b* + 16/* + 2c2b? — 8¢?J?% — 8b?J?)

= 64J%(c? + b% — 4J%)?

Therefore, the discriminant A becomes,
A= 256J%(c? + b%? — 4]?)x? — 256bJ%(c? + b? — 4]*)x + 64]%(c? + b? — 4]?%)?
= 64J%(c? + b% — 4]?)(4x? — 4bx + c? + b? — 4J?)

The solution of the quadratic equation (10h) in y is,

Q13
Y=""7p

That is,

—4[—2bcx — c(c? — b?) + 4cJ?] £ \/64J2(c? + b% — 4]2)(4x2% — 4bx + c2 + bZ — 4]2))
8(c%2—4J?)

y:
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This is the other required equation in the box on page 24.

Expressions for Inter-Sensor Stimulation Time Interval and J-parameters in the case of a
Right Isosceles Triangle Distribution of Sensors

N.B. The Right Isosceles AABC is right angled at Cand AC = CB

(i) For the Sequence of Sensor StimulationA - C - Band B - C - A

la B{r{_.;'-

B+ 6 =090° (where 45° < < 135°)
AB =1
AC = BC =

NI

From Right AAA;C,
AA; = AC.Cos(45° + 0)

N

V2

= f—z Cos(90° — (B — 45°))

Cos(45° + 90° — B)
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Q .. o
= \/—ESm(ﬁ — 45°)

= ).Sin45°. Sin(B — 45°)

0 {—%(605(45" + B — 45°) — Cos(45° — B + 45°))}

0 {—%(Cosﬁ — Cos(90° — ,3))}
_Q{—%(COS,B —Sinﬁ)}

0
T2

(Sinp — CospB)

From Right AAA;B,
AA, = AB.Cos0

= Cos(90° — B)
= ASinf

A1A2 = AAZ = AAl
= QSinf — {% (Sinp — Cosﬁ)}
- %(Sinﬁ + Cosp)

Expressions for ISls are,

At —AAl—Q(S' Cosp)
ACT T T o0 inp osp
AA, 0Sinp
AtAB = — = »
A4,  Q(Sinf + Cosp)
AtCB == = 21_7

Expressions for J-parameters are,

_ Yt =™ (sing — cosp)
]AC_Z ac = 40 np osf

_ uAt _ullSinf
Jag = o Rtas =~
u ud(Sinf + Cosp)
=—=A =
JcB > tep 40
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(ii) For the Sequence of Sensor StimulationA - B - Cand B - A - C

S
R |
A, T
1 |
1"1"111_-
-y

B+ 6 =090° (where 45° < f < 90°)
AB =1

2
V2

AC = BC =
From Right AAA;B,
AA; = AB.Cos(45° + 6)
= 0.Cos(45° +90° — j8)
= 0.Cos(90° — (B — 45°))
= 0.Sin(B — 45°)

From Right AAA,C,
AA, = AC.Cos6

0 o
= \/—ECOS(()O - ﬁ)
Page 42 of 158
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_ 2
= ﬁSlnﬁ
= 1.S5in45°.Sinf
= (1.Sinf.Sin45°
= —g(Cos(B + 45°) — Cos(B — 45"))
= —%(Cos(90° + B —45°) — Cos(B — 45°))
= —2(=Sin( — 45°) — Cos(B — 45°))
=2 (Sin(B — 45°) + Cos(B — 45°))

A1A2 = AAZ - AA1

= 2(Sin(B — 45°) + Cos(B — 45°)) — 0.Sin(B - 45°)

= 2 (Cos(B — 45°) — Sin(p — 45°))

Expressions for ISls are,

AA;,  0.Sin(f — 45°)

AtAB = "
Ad;  O(Sin(B — 45°) + Cos(B — 45°))
AtAC = =
2v
A4, 02(Cos(B — 45°) — Sin(B — 45°))
AtBC = =
2v
Expressions for J-parameters are,
u uf. Sin(B — 45°)
Jag = EAtAB = 20
_Ua u(Sin(B — 45°) + Cos(B — 45°))
Jac = 5 Alac = 40
u u(Cos(B — 45°) — Sin(B — 45°))
JBc = EAtBC = 40
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(iii)

For the Sequence of Sensor StimulationC = A > Band C - B - A

B —6 =90° (where 90° < f§ < 135°)

AB =1}

0}

AC=BC=\/—E

From Right AAC1C,

CC, = AC.Cos(90° — 6)

From Right ACC;B,

2 ..

—\/—E.SmH

= 2.Sin(B — 90°)

=5 in(f

CC, = CB.Cos@
=2 Cos(B — 90°)
= 5 Cos B

61C2 = CCZ - CCl
= 2 Cos(B — 90°) — . Sin(B — 90°)
=7 oS ok mn

= % (Cos(B —90°) — Sin(p — 90°))
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Expressions for ISls are,

At Gh_ 2 g (B — 90°)
= —=——2=.5in(f —
CA v 2
cc, 0
Atep = —2 = ——Cos(B — 90°)
v vV2

My = 222 2 90°) — Sin(f — 90°
tag = — —WE(COS([?— 0°) — Sin(B — 90°))

Expressions for J-parameters are,

u ufl ] .
]CA = EAtCA = mSln(ﬁ —90 )
u ul) .
Je = EAtCB = mCOS(ﬁ —90°)

0
Jap = 5 Bta5 = zl;_\/i (Cos(B — 90°) — Sin(8 — 90°))
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MATLAB Coding
A. Two Sensor Model
A.1. Mapping Angles of Inclination

A.1.1. For Straight Line Stimulus (see Figure 9 — top, in Main Text)

omeg = 1 ; % millimeter

a=0.2; % millimeter

u=0.1 3 % millimeter/millisec

v=1; $ millimeter/millisec

beta = linspace(0,pi/2,6) ; % radians

J = (u.*omeg.*sin(beta))./(2.*v) ;

y = linspace(-1,1,1000) ;

hold on

for 1 = 1:6 ; % corresponds to beta equal to {0, 18, 36, 54, 72, 90}

degrees
plot ((J (1)) *sqrt(l + (y."2)./(a.”2 = (J(1))."2)), y, 'r');
plot (= (J(1)) .*sgrt(l + (y."2)./(a.”2 - (J(1)).72)), y, 'b'");
disp ([J (1), beta( ), (180/pi) .*beta(i)])

end
axis([-0.25 0.25 -1 11])

plot(-0.2,0,'xr*", 0.2,0, 'b*", 0,0,'g*") % marking out the positions
of the sources A and B

plot (0, linspace(-1,1,1000), ") % corresponds to beta = 0
plot(linspace(-0.2,0.2,1000), O I % corresponds to line AB

text(-0.2,-0.15, "\itA(-0.2,0) ', 'color','r', 'fontsize',12) % labeling source
A

text (0.2,-0.15, '\itB(0.2,0)"', *color', 'b", "fontsize"',12) % labeling source
B

text (-0.009, -0.1,'\itO0(0,0)",'color','g', 'fontsize',12 ) % labeling
midpoint O of line AB

o)

% labeling the beta angles corresponding to the hyperbolas
text (0.005,0.9, "\beta = 0', 'color','k', "fontsize',12)

text (0.025,0.6, "\beta = 18', 'color','k', "fontsize',12)
text (0.07,0.6, "\beta = 36', 'color','k', "fontsize',12)

text (0.125,0.7, '\beta = 54',"'color', 'k', "fontsize',12)
text (0.17,0.75, "\beta 72','color','k', 'fontsize',12)
text (0.195,0.7, "\beta = 90', 'color','k', "fontsize',12)
text (-0.047,0.6, "\beta = 18', 'color','k', "fontsize',12)
text (-0.09,0.6, "\beta = 36', 'color','k', "fontsize',12)
text (-0.145,0.7, "\beta = 54', 'color','k', "fontsize',12)
text (-0.19,0.75, "\beta = 72", 'color','k', 'fontsize',12)
text (-0.22,0.7, "\beta = 90', 'color','k', "fontsize',12)

o)

% labeling axes

xlabel ('\itX-axis (mm)', 'color','k', 'fontsize',14)

ylabel ("\itY-axis (mm)', 'color','k', 'fontsize',14)

title('Mapping Angles of Inclination \beta (degrees) to Hyperbolic
Coincident Detector Spatial Distributions for a Straight Line
Stimulus', 'color','k', 'fontsize',14)
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A.1.2. For Convex/Concave Semicircular Stimulus (see Figure 9 — bottom, in Main Text)

omega = 1 ; % millimeter
a=0.2; % millimeter
u 0.1 ; % millimeter/millisec
v=1; % millimeter/millisec
ro = 2 ; % millimeter
beta = linspace(0,pi/2,6) ; % radians
J = (u.*omega.*cos (beta))./(2.*v) ;
y = linspace(-1,1,1000) ;
hold on
for i = 1:6 ; % corresponds to beta equal to {0, 18, 36, 54, 72, 90}
degrees
plot ((J(1)) *Sqrt(l + (y."2)./(a.”2 = (J(1))."2)), vy, '"r");
plot (= (J (1)) .*sgrt (1l + (y."2)./(a.”2 (J(1)).72)), y, '"D")3;
disp([J (1), beta( ), (180/pi) . *beta(i)])
end
axis([-0.25 0.25 -1 11)
plot(-0.2,0,'r*"'", 0.2,0, 'b*", 0,0,'g*") % marking out the positions
of the sources A & B and origin O
plot (0, linspace(-1,1,1000),'g") % corresponds to beta = 90
plot(linspace(-0.2,0.2,1000),0,"k") % corresponds to line AB
text(-0.2,-0.15,"\itA(-0.2,0) "', 'color','r', 'fontsize',12) % labeling source
A
text (0.2,-0.15, '\1itB(0.2,0)"', 'color',"b', 'fontsize',12) % labeling source
B
text (-0.0009, 1,'\it0(0,0)"',"'color',"'g', 'fontsize',12 ) % labeling

midpoint O of line AB

%

labeling the beta angles corresponding to the hyperbolas

text (0.005,0.9, "\beta = 90', 'color','k', "fontsize',12)
text (0.025,0.6, "\beta = 72', 'color','k', "fontsize',12)
text (0.07,0.6, "\beta = 54", 'color','k', "fontsize',12)
text (0.125,0.7, '\beta = 36','color','k', 'fontsize',12)
text (0.17,0.75, '\beta = 18','color','k', 'fontsize',12)
text (0.195,0.7, "\beta = 0', 'color','k', "fontsize',12)
text (-0.047,0.6, "\beta = 72', 'color','k', 'fontsize',12)
text (-0.09,0.6, '\beta = 54','color','k', 'fontsize',12)
text (-0.145,0.7, "\beta = 36','color','k', '"fontsize',12)
text (-0.19,0.75, "\beta = 18', 'color','k', 'fontsize',12)
text (-0.22,0.7, '\beta = 0', 'color','k', "fontsize',12)

% labeling axes

xlabel ('\itX-axis (mm)', 'color','k', 'fontsize',14)
ylabel ("\itY-axis (mm)"', 'color','k','fontsize',14)
title('Mapping Angles of Inclination \beta (degrees) to Hyperbolic

Coincident Detector Spatial Distributions for a Convex/Concave Semicircle

Stimulus', 'color','k', 'fontsize',14)
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A.2. Mapping Velocity

A.2.1. For Straight Line Stimulus (see Figure 10 — top, in Main Text)

omega = 1 ; % millimeter

a=20.2; $ millimeter

u=20.1; $ millimeter/sec

beta = pi/3 ; % radians

v = linspace(l, 3, 3) ; % millimeters/sec

J = (u.*omega.*sin(beta))./(2.*v) ;

y = linspace(-1,1,1000) ;

hold on

for 1 = 1:3 ;
plot ((J(i)). *sqrt(l + (y. A2) /( "2 - (J(1))."2)), vy, ')
plot (- (J(i)) .*sgrt (1l + (y ./ (a. - (J(1))."2)), y, "bB");
disp(v(i))

end

axis([-0.5 0.5 -1 11)

plot(-0.2,0,'r*"'", 0.2,0, 'b*", 0,0,'g*") % marking out the positions
of the sources A & B and origin O

plot(linspace(-0.2,0.2,1000),0,'k") % corresponds to line AB

text (-0.27,0, "\itA(-0.2,0)"', 'color"','r", 'fontsize',12) % labeling source A
text (0.21,0, '\1itB(0.2,0)"', 'color','b', 'fontsize',12) % labeling source B
text (-0.015, -0.05,'\it0(0,0)"', 'color','qg', 'fontsize',12 ) % labeling
midpoint O of line AB

[

% labeling the velocities corresponding to the hyperbolas
text (0.03,0.9,'v = 3','color','k', 'fontsize',12)

text (-0.13,0.7,'v = 2','color','k','fontsize',12)
text (0.15,0.5,'v = 1','color', k', '"fontsize',12)
text (-0.06,0. 9 'v. = 3','color','k','"fontsize',12)
text (0.1,0.7, = 2', color','k','fontsize',12)

text (- 0.18,0.5, = 1" color ,'k',"fontsize',12)

o)

% labeling axes

xlabel ('\itX-axis (mm)', 'color', 'k', 'fontsize',14)

ylabel ("\itY-axis (mm)', 'color','k', 'fontsize',14)

title('Mapping Velocity v (mm/ms) to Hyperbolic Coincident Detector
Spatial Distributions for a Straight Stimulus', 'color', 'k',6 'fontsize',14)
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A.2.2. For Convex/Concave Semicircular Stimulus (see Figure 10 — bottom, in Main Text)

omega = 1 ; % millimeter
a=0.2; % millimeter
u=0.1; % millimeter/sec
beta = pi/3 ; % radians

v = linspace(l, 3, 3) ; % millimeters/sec
J = (u.*omega.*cos (beta))./(2.*v) ;

y = linspace(-1,1,1000) ;

hold on
for i = 1:3 ;
plot ((J(1)).*sqrt(l + (y.”2)./(a.”2 - (J(1)).”2)), y, 'r');
plot (- (J(i)) .*sgrt(l + (y.”2)./(a.”2 - (J(1))."2)), y, 'b');
disp(v (1))
end
axis([-0.5 0.5 -1 117)
plot(-0.2,0,'x*", 0.2,0, 'b*", 0,0, 'g*") % marking out the positions
of the sources A & B and origin O
plot(linspace(-0.2,0.2,1000),0,"k") % corresponds to line AB

text (-0.27,0, "\itA(-0.2,0)"', 'color','r', "fontsize',14) % labeling source A
text (0.21,0,'"\1tB(0.2,0)"', 'color', 'b', ' fontsize',14) % labeling source B
text(-0.015, -0.05,'\it0(0,0)"', 'color','g"', 'fontsize',14 ) % labeling
midpoint O of line AB

1
1

o)

% labeling the velocities corresponding to the hyperbolas
text (0.007,0.9,'v = 3'",'color', 'k', 'fontsize',12)

text (-0.08,0.7,'v = 2','color','k','fontsize',12)
text (0.08,0.5,'v = 1','color','k', 'fontsize',12)
text (-0.035,0.9,'v = 3','color', "k", "fontsize',12)
text (0.05,0.7,'v = 2','color','k', "fontsize',12)
text(-0.11,0.5,'v = 1", 'color', k', "fontsize',12)

[

% labeling axes

xlabel ('\itX-axis (mm)', 'color','k', 'fontsize',14)

ylabel ("\itY-axis (mm)', 'color','k', 'fontsize',14)

title ('Mapping Velocity v (mm/ms) to Hyperbolic Coincident Detector
Spatial Distributions for a Convex/Concave
Stimulus', 'color', 'k', "fontsize',14)
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A.3. Mapping ISI (see Figure 11, in Main Text)

delt = linspace(0,3,5) ; $ milliseconds
a = 0. ; $ millimeter
u=0.1:; % millimeter/millisecond

K = (u *delt)./2 ;

y = linspace(-1,1,1000) ;
hold on
for 1 = 1:5 ;
plot (K(i) .*sgrt(l + (y A2) /( "2 - (K(1)).72)), v, 'r');
plot (=K (i) .*sgrt (1l + (y ./ (a. - (K(1)).-"2)), y, 'b");
disp(delt (1))
end
axis([-0.5 0.5 -1 11])
plot(-0.2,0,'x*", 0.2,0, 'b*", 0,0,'g*") % marking out the positions
of the sources A and B
plot (0, linspace(-1,1,1000),"'g") % corresponds to delt = 0
plot(linspace(-0.2,0.2,1000),0,'k") % corresponds to line AB

text (-0.27,0, "\itA(-0.2,0)"', 'color','r', "fontsize',12) % labeling source A
text (0.21,0, '\itB(0.2,0)"', 'color','b', 'fontsize',12) % labeling source B
text(-0.02,-0.09,'\it0(0,0)"','color','g', 'fontsize',12) % labeling origin O
% labeling the IWIs corresponding-to the hyperbolas

text (0.02,0.9,'IST = 0','coloxr", 'k','fontsize',12)

text (0.18,0.8,'IST = 0.75',"'color','k',"fontsize',12)
text (0.28,0.6,'IST = 1.5','color', 'k', "fontsize',12)
text (0.36,0.42,'IST = 2.3"'",'color', 'k',"'fontsize',12)
text(0.4,0.26,'IST = 3','color", k", "fontsize',12)
text(-0.24,0.8,"'IST = 0.75","'color','k',"fontsize',12)
text (-0.33,0.6,"'IST = 1.5","'color','k', "fontsize',12)
text (-0.40,0.42,'IST = 2.3',"'color','k',"fontsize',12)
text (-0.45,0.26, 'IST = 3','color', k', 'fontsize',12)

[

% labeling axes

xlabel ('\itX-axis (mm)', 'color', 'k', 'fontsize',12)

ylabel ("\itY-axis (mm)"', 'color','k','fontsize',12)

title('Mapping ISI (ms) to Hyperbolic Coincident Detector Spatial
Distributions', 'color', 'k', 'fontsize',12)
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B. Three Sensor Model — Equilateral Triangle Array of Sensors (or Sources)

B.1. For Straight Line Stimulus

B.1.1. Calculation of J-parameters for different Sequences of Stimulation

format long

[

s Sequence A to C to B

omega = 1;

a = 0.2;

u = 0.1;

v = 1;

beta = [pi/3 pi/2 2*pi/3];

J AC = (u.*omega.*sin(beta - pi/3))./(2.*v) ;
J AB = (u.*omega.*sin(beta))./(2.*v)

J CB = (u.*omega.*cos(beta - pi/6))./(2.*v) ;
disp (J_AC)

disp (J_AB)

disp (J _CB)

s Sequence A to B to C

omega = 1;

a=0.2;

u= 0.1;

v = 1;

beta = [pi/3 pi/2 2*pi/3];

J AC = (u.*omega.*sin(beta))./(2.*v)

J AB = (u.*omega.*sin(beta - pi/3))./(2.*v) ;
J BC = (u.*omega.*cos(beta - pi/6))./(2.*v) ;
disp (J_AC)

disp (J_AB)

disp (J_BC)

3 Sequence B to A to C

beta = [pi/3 pi/2 2*pi/3];

J AC = (u.*omega.*cos(beta - pi/6))./(2.*v) ;
J BA = (u.*omega.*sin(beta - pi/3))./(2.*v) ;
J BC = (u.*omega.*sin(beta))./(2.*v) ;

disp (J_AC)
disp (J_BA)
disp (J_BC)
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% Sequence B to C to A

beta = [pl/3 pi/2 2*pi/3];

J CA = (u.*omega.*cos(beta - pi/6))./(2.*v) ;
J BA = (u.*omega.*sin(beta))./(2.*v)

J BC = (u.*omega.*sin(beta - pi/3))./(2.*v) ;
disp(J_CA)

disp (J_BA)

disp (J_BC)

% Sequence C to A to B

beta = [pi/3 pi/2 2*pi/3];

J CA = (u.*omega.*sin(beta - pi/3))./(2.*v) ;
J AB = (u.*omega.*cos(beta - pi/6))./(2.*v) ;
J CB = (u.*omega.*sin(beta))./(2.*v) ;

disp (J_CA)

disp (J_AB)

disp (J_CB)

% Sequence C to B to A

omega = 1;

a=0.2;

u = 0.1;

v = 1;

beta = [pi/3 pi/2 2*pi/3];

J CA = (u.*omega.*sin(beta))./(2.*v) ;

J BA = (u.*omega.*cos(beta - pi/6))./(2.*v) ;
J CB = (u.*omega.*sin(beta - pi/3))./(2.*v) ;
disp (J_CA)

disp (J_BA)

disp (J_CB)
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B.1.2. Hyperbolas generated for Sequences of Stimulation Ato Cto B

o

beta = 60 degrees w.r.t AB as base
hyperbolas with axis AC

o\

©

= 0.2 ;
Jg1l1=

x = linspace(-1, 1, 1000000) ;

L1 =-sqgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).%sgrt((a.”2 - (J 1).72).*(x."2 + a.*x + a.”2 - (J 1).72)) ;
N 1=3.%a."2 - 4.*(J 1)."2 ;

vy 11 = (L1 +M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

Nl

’

a
J_

b
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J 2)."2) ;
sqrt ((x.72./(J3_2).72) - 1) ;

y 12 = (L_2).*(M_2) ;

[

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M3 =4.%(J 3).*sgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J _3)."2)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g"',x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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o\

beta = 90 degrees w.r.t AB as base
hyperbolas with axis AC

o\

©

= 0.2 ;
J 1=

x = linspace(-1, 1, 1000000) ;

1 -sgrt(3) .*a.*(a.*x - a.”"2 + 2.*(J_1)."2) ;
1 =4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
1 =3.%a.72 - 4.%(J_1)."2 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

y 22 = —(L 2) % (M 2) ;

[

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 120 degrees w.r.t AB as base
hyperbolas with axis AC

o\

©

= 0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

1 -sgrt(3) .*a.*(a.*x - a.”"2 + 2.*(J_1)."2) ;
1 =4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
1 =3.%a.72 - 4.%(J_1)."2 ;

o)

% hyperbolas with axis AB

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

y 22 = —(L 2) % (M 2) ;

[

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J 3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.1.3. Hyperbolas generated for Sequences of Stimulation AtoBto C

o\

beta = 60 degrees w.r.t AC as base
hyperbolas with axis AC

o

©

= 0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1).%2) ;
1 = 4.%(J_1).*sqrt((a.”2 - (J 1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
1 = 3.%a."2 - 4.%(J_1)."2 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

NN
Il

y 22 = —(L 2).*(M 2) ;

% hyperbolas with axis BC

0.2 ;

w

’

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 =sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M3 =4.*%(J 3).*sgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3)."2)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 23 = (L 3 -M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o

beta = 90 degrees w.r.t AC as base
hyperbolas with axis AC

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1).72) ;
M 1 = 4.%(J 1).%sqrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.72 - 4.%(J_1)."2 ;

vy 11 = (L1 +M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J 2)."2) ;
sqrt ((x.72./(J3_2).72) - 1) ;

y 12 = (L _2).*(M_2) ;
% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M3 =4.%(J 3).*sqgrt((a.”2 - (J_3).72).*(x."2 - a.*x + a.”2 - (J_3)."%2)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 120 degrees w.r.t AC as base
hyperbolas with axis AC

o\

©

= 0.2 ;
Jg1l1=

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

2 = sqgrt(a.”2 - (J 2).7%2) ;
2 = sqgrt((x.72./(J_2).72) - 1) ;

M_2)

_2)
L 2).%(M 2) ;

y 22 = -

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3)."2))
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g"',x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off

Page 58 of 158
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

B.1.4. Hyperbolas generated for Sequences of Stimulation Bto Ato C

o\

beta = 60 degrees w.r.t BC as base
hyperbolas with axis AC

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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% beta = 90 degrees w.r.t BC as base
% hyperbolas with axis AC

a=20.2;

Jg1l1=

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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o\

eta = 120 degrees w.r.t BC as base

b
hyperbolas with axis AC

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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B.1.5. Hyperbolas generated for Sequences of Stimulation Bto Cto A

o\

beta = 60 degrees w.r.t BA as base
% hyperbolas with axis CA

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 = (L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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% beta = 90 degrees w.r.t BA as base
% hyperbolas with axis CA

a=20.2;

Jg1l1=

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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o\

eta = 120 degrees w.r.t BA as base

b
hyperbolas with axis CA

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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B.1.6. Hyperbolas generated for Sequences of Stimulation Cto Ato B

o\

beta = 60 degrees w.r.t CB as base
hyperbolas with axis CA

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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% beta = 90 degrees w.r.t CB as base
% hyperbolas with axis CA

a=20.2;

Jg1l1=

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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o\

eta = 120 degrees w.r.t CB as base

b
hyperbolas with axis CA

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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B.1.7. Hyperbolas generated for Sequences of Stimulation CtoB to A

o\

beta = 60 degrees w.r.t CA as base
% hyperbolas with axis CA

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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% beta = 90 degrees w.r.t CA as base
% hyperbolas with axis CA

a=20.2;

Jg1l1=

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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o\

eta = 120 degrees w.r.t CA as base

b
hyperbolas with axis CA

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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B.2. For Convex Semicircular Stimulus

B.2.1. Calculation of J-parameters for different Sequences of Stimulation

format long

$ A to C to B

omega = 1;

u=20.1;

v = 1;

beta = [0 pi/12 pi/6]

ro = 1 ; %taken to be equal to omega (condition ro > (sqrt(3)/2)

0.8660*omega)

a = sqrt(((ro).”2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sqgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos(beta) ;

e = omega.*cos(pi/3 - beta) ;

JAC =u.*(a - b+ c)./(2.%v) ;

J AB = u.*(a + d - ro)./(2.*v) ;

J CB =u.*(e - ro + b)./(2.*v) ;

disp (J_AC)

disp (J_AB)

disp (J_CB)

% A to B to C

omega = 1;

u= 0.1;

v = 1;

beta = [0 pi/12 pi/6];

ro =1 ; %Staken to be equal to omega

a = sqrt(((ro)."2) - ((omega).”2).*((sin(beta)).”2)) ;
b = sgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos (beta) ;

e = omega.*cos(pi/3 - beta) ;

JAB =u.*(a - b + c)./(2.*v) ;

J AC = u.*(a +d - ro)./(2.%v) ;

J BC = u.*(e - ro + b)./(2.*%v) ;

disp (J_AC)

disp (J_AB)

disp (J_BC)
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$ B to A to C

( (omega)
( (omega)

’

./

%taken to be equal to omega

."2) .*((sin (beta))
.N2) .* ((sin(pi/3 - beta))
- cos(pi/3 - beta)) ;

(2.%v) ;
(20xv)
(2.07v)

omega = 1;

u=0.1;

v = 1;

beta = [0 pi/12 pi/6]
ro =1 ;

a = sqrt(((ro)."2) -
b = sgrt(((ro)."2) -
c = omega.* (cos (beta)
d = omega.*cos (beta)
e = omega.*cos (pi/3 - beta) ;
J BA u.*(a - b + <)
J BC = u.*(a + d - ro)
J AC = u.*(e - ro + Db)
disp (J_AC)

disp (J_BA)

disp (J_BC)

$ B to C to A

’

( (omega)
( (omega)

’

./

%$taken to be equal to omega

."2).* ((sin(beta)) ."2)) ;
.N2) .*((sin(pi/3 - beta))
- cos(pi/3 - beta)) ;

2.%v) ;
2.%v) ;

(2.*v)
WA
/(

omega = 1;

u = 0.1;

v = 1;

beta = [0 pi/12 pi/6];
ro =1 ;

a = sqrt(((ro).”2) -
b = sgrt(((ro)."2) -

c = omega.* (cos (beta)
d = omega.*cos (beta)

e = omega.*cos(pi/3 - beta) ;
J BC u.*(a - b + ¢)
J BA = u.*(a + d - ro)
J CA = u.*(e - ro + b)
disp (J_CA)

disp (J_BA)

disp (J_BC)
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% C to A to B

omega = 1;

u=20.1;

v = 1;

beta = [0 pi/12 pi/6];

ro =1 ; %taken to be equal to omega

a = sqrt(((ro).”2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sqgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos (beta) ;

e = omega.*cos(pi/3 - beta) ;
J_CA=u*(a—b+c)./(2*) ;

JCB =u.*(a +d - ro)./(2.*v) ;

JAB = u.*(e - ro + b)./(2.%v) ;

disp (J_CA)

disp (J_AB)

disp (J_CB)

% C to B to A

omega = 1;

u=0.1;

v = 1;

beta = [0 pi/12 pi/6];

ro =1 ; %taken to be equal to omega

a = sqrt(((ro)."2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos(beta) ;

e = omega.*cos(pi/3 - beta) ;

J CB =u.*(a - b+ c)./(2.%V) ;

JCA =u.*(a+d - ro)./(2.%v) ;

J BA =u.*(e - ro + b)./(2.*v) ;

disp (J_CA)

disp (J_BA)

disp (J_CB)
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B.2.2. Hyperbolas generated for Sequences of Stimulation Ato Cto B

o

beta = 0 degrees w.r.t AB as base
hyperbolas with axis AC

o
°

0.2 ;

I

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).%a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

[

% hyperbolas with axis AB

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
= sqrt ((x.72./(J _2).72) - 1) ;

o)

% hyperbolas with axis CB

a=0.2;

J 3 = ;

x = linspace(-1, 1, 1000000) ;

L 3 = sqgrt(3).*a.*(a.*x + a.”2 - 2.*%(J_3)."2) ;

M3 =4.%(J 3).*sgrt((a.”2 - (J_3).72).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a."2 - 4.%(J_3)."2 ;

y 23 = (L 3 -M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g',x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.2.3. Hyperbolas generated for Sequences of Stimulation AtoBto C

% beta = 0 degrees w.r.t AC as base
% hyperbolas with axis AC

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
1 = 4.%(J 1) .%sqrt((a.”2 - (J_1).72) . % (x.72 + a.*x + a.”2 - (J_1).72)) ;
1 =3.%a.72 - 4.%(J_1).%2 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sgrt(a.”2 - (J_2).%2) ;
sqrt ((x.72./(J _2).72) - 1) ;

Y 22 = (L 2).*(M 2) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sqgrt(3).*a.*(a.*x + a.”2 - 2.*%(J_3)."2) ;
M 3 =4.*(J 3).*sqrt((a.”2 - (J_3).72).*(x."2 - a.*x + a.”2 - (J_3)."%2)) ;
N 3 =3.%a."2 - 4.*%(J_3).%2 ;

y 23 = (L 3 -M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t AC as base
hyperbolas with axis AC

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t AC as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.2.4. Hyperbolas generated for Sequences of Stimulation Bto Ato C

% beta = 0 degrees w.r.t BC as base
% hyperbolas with axis AC

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t BC as base
hyperbolas with axis AC

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t BC as base
hyperbolas with axis AC

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.2.5. Hyperbolas generated for Sequences of Stimulation Bto Cto A

% beta = 0 degrees w.r.t BA as base
% hyperbolas with axis CA

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t BA as base
hyperbolas with axis CA

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t BA as base
hyperbolas with axis CA

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.2.6. Hyperbolas generated for Sequences of Stimulation Cto Ato B

% beta = 0 degrees w.r.t CB as base
% hyperbolas with axis CA

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t CB as base
hyperbolas with axis CA

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t CB as base
hyperbolas with axis CA

o

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off

Page 86 of 158
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

B.2.7. Hyperbolas generated for Sequences of Stimulation CtoBto A

o

beta = 0 degrees w.r.t CA as base
hyperbolas with axis CA

o
°

0.2 ;

I

=l

a
J_

x = linspace(-1, 1, 1000000) ;

L1 =-sqgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.*(J_1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N1 =3.%a."2 - 4.*(J_1)."2 ;

y 11 = (L1 +M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

o)

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sqrt(3).*a.*(a.*x + a.”2 - 2.*%(J 3).72) ;
M 3 = 4.%(J 3).*sqrt((a.”2 - (J 3).72).%(x.72 - a.*x + a.”2 - (J_3)."2)) ;
N 3 = 3.%a."2 - 4.%(J 3).°2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t CA as base
hyperbolas with axis CA

o

a=0.2 ;
J 1= 3

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t CA as base
hyperbolas with axis CA

o

a=0.2 ;
J 1 = ;

x = linspace(-1, 1, 1000000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 1000000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 1000000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.3. For Concave Semicircular Stimulus

B.3.1. Calculation of J-parameters for different Sequences of Stimulation

format long

$ A to C to B

omega = 1;

u=20.1;

v = 1;

beta = [0 pi/12 pi/6];

ro =2 ; % condition ro > omega should be satisfied

a = sqrt(((ro).”2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sqgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos(beta) ;

e = omega.*cos(pi/3 - beta) ;

J AC u.*(b - a + ¢c)./(2.*v) ;

J AB = u.*(ro - a + d)./(2.*%v) ;

J CB = u.*(ro - b + e) /(2.%v) ;

disp (J AC)

disp (J_AB)

disp (J CB)

% A to B to C

omega = 1;

u=20.1;

v = 1;

beta = [0 pi/12 pi/6];

ro = 2 ; % condition ro > omega should be satisfied

a = sqrt(((ro)."2) - ((omega).”2).*((sin(beta)).”2)) ;
b = sgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos (beta) - cos(pi/3 - beta)) ;

d = omega.*cos(beta) ;

e = omega.*cos(pi/3 - beta) ;

JAB =u.*(b - a+ c)./(2.%v) ;

J AC = u.*(ro - a + d)./(2.*%v) ;

J BC = u.*(ro - b + e)./(2.*v) ;

disp (J_AB)

disp (J AC)

disp (J BC)

% B to A to C

omega = 1;

u=0.1;

v = 1;

beta = [0 pi/12 pi/6];

ro = 2 ; % condition ro > omega should be satisfied

Page 90 of 158
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

a = sqrt(((ro).”2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sqgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos (beta) ;

e = omega.*cos (pi/3 - beta) ;

J BA =u.*(b - a+ c)./(2.%v) ;

J BC = u.*(ro - a + d)./(2.*v) ;

J AC = u.*(ro - b + e)./(2.*v) ;

disp (J_BA)

disp (J_BC)

disp (J_AC)

% B to C to A

omega = 1;

u= 0.1;

v = 1;

beta = [0 pi/12 pi/6];

ro = 2 ; % condition ro > omega should be satisfied

a = sqrt(((ro)."2) - ((omega).”2).*((sin(beta)).”2)) ;
b = sqgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos(beta) ;

e = omega.*cos(pi/3 - beta) ;

JBC =u.*b -a+c)./(2.%v) ;

J BA = u.*(ro - a + d)./(2.*%v) ;

J CA =u.*(ro - b + e)./(2.%v) ;

disp (J_BC)

disp (J_BA)

disp (J_CA)

% C to A to B

omega = 1;

u = 0.1;

v = 1;

beta = [0 pi/12 pi/6];

ro = 2 ; % condition ro > omega should be satisfied

a = sqrt(((ro).”2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos(beta) ;

e = omega.*cos(pi/3 - beta) ;

JCA=u.*b -a+c)./(2.%v) ;

JCB =u.*(ro - a + d)./(2.*v) ;

J AB = u.*(ro - b + e)./(2.*v) ;

disp (J_CA)

disp (J_CB)

disp (J_AB)
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$ C to B to A

omega = 1;

u=20.1;

v = 1;

beta = [0 pi/12 pi/6];

ro = 2 ; % condition ro > omega should be satisfied

a = sqrt(((ro).”2) - ((omega).”2).*((sin(beta)) .”2)) ;
b = sgrt(((ro).”2) - ((omega).”2).*((sin(pi/3 - beta)).”2)) ;
c = omega.* (cos(beta) - cos(pi/3 - beta)) ;

d = omega.*cos (beta) ;

e = omega.*cos(pi/3 - beta) ;

JCB =u.*(b - a+c)./(2.*v) ;

J CA =u.*(ro - a + d)./(2.*v) ;

J BA = u.*(ro - b + e)./(2.%v) ;

disp (J_CB)

disp (J_CA)

disp (J_BA)
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B.3.2. Hyperbolas generated for Sequences of Stimulation Ato Cto B

o\

beta = 0 degrees w.r.t AB as base
hyperbolas with axis AC

o

©

= 0.2 ;
J 1= 3

x = linspace(-1, 1, 100000) ;

1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1).%2) ;
1 = 4.%(J_1).*sqrt((a.”2 - (J 1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
1 = 3.%a."2 - 4.%(J_1)."2 ;

o)

% hyperbolas with axis AB

0.2 ;

Nl

a
J_

’

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

y 22 = —(L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a."2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t AB as base
hyperbolas with axis AC

o\

©

= 0.2 ;
J 1=

x = linspace(-1, 1, 100000) ;

1 -sgrt(3) .*a.*(a.*x - a.”"2 + 2.*(J_1)."2) ;
1 =4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
1 =3.%a.72 - 4.%(J_1)."2 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

y 22 = —(L 2) % (M 2) ;

[

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t AB as base
hyperbolas with axis AC

o\

©

= 0.2 ;
J 1 = ;

x = linspace(-1, 1, 100000) ;

1 -sgrt(3) .*a.*(a.*x - a.”"2 + 2.*(J_1)."2) ;
1 =4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
1 =3.%a.72 - 4.%(J_1)."2 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

y 22 = —(L 2) % (M 2) ;

[

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.3.3. Hyperbolas generated for Sequences of Stimulation AtoBto C

o\

beta = 0 degrees w.r.t AC as base
hyperbolas with axis AC

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 100000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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% beta = 15 degrees w.r.t AC as base
% hyperbolas with axis AC

a=20.2;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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% beta = 30 degrees w.r.t AC as base
% hyperbolas with axis AC

a=20.2;

Jg1l1=

x = linspace(-1, 1, 100000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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B.3.4. Hyperbolas generated for Sequences of Stimulation Bto A to C

o\

beta = 0 degrees w.r.t BC as base
hyperbolas with axis AC

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 100000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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o

beta = 15 degrees w.r.t BC as base
hyperbolas with axis AC

o\

0.2 ;

’

=l

a
J_

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1).72) ;
M 1 = 4.%(J 1).%sqrt((a.”2 - (J_1).72).*%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.72 - 4.%(J_1)."2 ;

vy 11 = (L1 +M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J 2)."2) ;
sqrt ((x.72./(J3_2).72) - 1) ;

y 12 = (L _2).*(M_2) ;
% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M3 =4.%(J 3).*%sqgrt((a.”2 - (J_3).72).*(x."2 - a.*x + a.”2 - (J_3)."%2)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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% beta = 30 degrees w.r.t BC as base
% hyperbolas with axis AC

a=20.2;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1 =-sgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.%(J 1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N 1=3.%a.72 - 4.*%(J_1).%2 ;

vy 11 = (L1 +M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqrt(a.”2 - (J_2).72) ;
sqrt ((x.72./(J _2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =sqgrt(3).*a.*(a.*x + a.”2 - 2.*(J_3)."2) ;
M 3 =4.*%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y_12,'g",x,y_22,"'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.41])

hold off
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B.3.5. Hyperbolas generated for Sequences of Stimulation Bto Cto A

% beta = 0 degrees w.r.t BA as base
% hyperbolas with axis AC

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t BA as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t BA as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.3.6. Hyperbolas generated for Sequences of Stimulation Cto Ato B

% beta = 0 degrees w.r.t CB as base
% hyperbolas with axis AC

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.*%(J 3).*sgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t CB as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t CB as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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B.3.7. Hyperbolas generated for Sequences of Stimulation CtoBto A

o

beta = 0 degrees w.r.t CA as base
hyperbolas with axis AC

o
°

0.2 ;

I

=l

a
J_

x = linspace(-1, 1, 100000) ;

L1 =-sqgrt(3).*a.*(a.*x - a.”2 + 2.*(J_1)."%2) ;
M1=4.*(J_1).*sgrt((a.”2 - (J_1).72).*(x."2 + a.*x + a.”2 - (J_1).72)) ;
N1 =3.%a."2 - 4.*(J_1)."2 ;

y 11 = (L1 +M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J _2).72) - 1) ;

o)

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sqrt(3).*a.*(a.*x + a.”2 - 2.*%(J 3).72) ;
M 3 = 4.%(J 3).*sqrt((a.”2 - (J 3).72).%(x.72 - a.*x + a.”2 - (J_3)."2)) ;
N 3 = 3.%a."2 - 4.%(J 3).°2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 15 degrees w.r.t CA as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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o\

beta = 30 degrees w.r.t CA as base
hyperbolas with axis AC

o

a=0.2 ;
J 1 =;

x = linspace(-1, 1, 100000) ;

L 1 = -sqrt(3).*a.*(a.*x - a.”2 + 2.%(J_1)."2) ;
M 1 = 4.%(J 1).%sgrt((a.”2 - (J_1).72).%(x.72 + a.*x + a.”2 - (J_1).72)) ;
N 1 =3.%a.%2 - 4.%(J 1).%2 ;

y 11 =(L1+M1)./N 1 ;

o)

% hyperbolas with axis BA

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 = sgrt(3).*a.*(a.*x + a.”2 - 2.*(J _3)."2) ;
M 3 =4.%(J 3).*sqgrt((a.”2 - (J_3)."2).*(x."2 - a.*x + a.”2 - (J_3).72)) ;
N 3 =3.%a.%2 - 4.%(J_3)."2 ;

y 13 = (L 3 +M3)./N 3 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g"',x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 0 0.4])

hold off
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C. Three Sensor Model with Right Isosceles Triangle Array of Sensors (or Sources) and
Straight Line Stimulus

C.1. Calculation of J-parameters for different Sequences of Stimulations

format long

% A to C to B

omega = 1;
a=0.2;
u=20.1;
v = 3

beta = [pi/3 pi/2 2*pi/3];

J AC = (u.*omega.* (sin(beta) - cos(beta)))./(4.*v) ;
J AB = (u.*omega.*sin(beta))./(2.*v) ;

J CB = (u.*omega.* (sin(beta) + cos (beta))) ./ (4.*v) ;
disp (J_AC)

disp (J_AB)

disp (J_CB)

% A to B to C

beta = [pi/4 pi/3 pi/2];

J AB = (u.*omega.* (sin(beta - pi/4)))./(2.*%v) ;
J AC = (u.*omega.*sin(beta))./(2*sqgrt(2).*v) ;
J BC = (u.*omega.*cos(beta)) ./ (2*sqrt(2).*v) ;
disp (J_AB)
disp (J_AC)
disp (J_BC)

omega = 1;

a=0.2;

u=0.1;

v = 3;

beta = [pi/4 pi/3 pi/2]1;

J BA = (u.*omega.*(sin(beta - pi/4)))./(2.*v) ;
J BC = (u.*omega.*sin(beta)) ./ (2*sqrt(2).*v) ;
J AC = (u.*omega.*cos(beta)) ./ (2*sqrt(2).*v) ;
disp (J_BA)

disp (J_BC)

disp (J_AC)
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% B to C to A

beta = [pl/3 pi/2 2*pi/3];

J BC = (u.*omega.* (sin(beta) - cos(beta)))./(4.*v) ;
J BA = (u.*omega.*sin(beta))./(2.*v) ;
J CA = (u.*omega.* (sin(beta) + cos(beta)))./(4.*v) ;

disp (J_BC)

disp (J_BA)
disp (J_CA)

$ C to A to B

omega = 1;

a = 0.2;

u=0.1;

v = 3;

beta = [pl/2 2*pi/3 3*pi/4];

J CA = (u.*omega.*sin(beta - pi/2))./(2*sqgrt(2).*v) ;
(u.*omega.*sin(beta)) ./ (2*sqrt (2).*v) ;
J AB = (u.*omega.*cos(beta - pi/4))./(2.*v) ;

o

(@]

o
Il

disp (J_CA)
disp (J_CB)
disp (J_AB)

% C to B to A

omega = 1;

a = 0.2;

u=0.1;

v = 3;

beta = [pi/2 2*pi/3 3*pi/4];

J CB = (u.*omega.*sin(beta - pi/2))./(2*sqrt(2).*v) ;
J CA = (u.*omega.*sin(beta)) ./ (2*sqrt(2).*v) ;

J BA = (u.*omega.*cos(beta - pi/4))./(2.*v) ;

disp (J_CB)
disp (J_CA)
disp (J_BA)
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C.2. Hyperbolas generated for Sequence of Stimulation A to Cto B

o\

beta = 60 degrees w.r.t AB as base
hyperbolas with axis AC

o

a=0.2;

J 1 =;

x = linspace(-1, 1, 100000) ;
L1=-((2.%a.*(J_1)."2) + (a.”2).*x)
M1 =sgrt((4.*(J_1).%2).*((a.”2 = 2.%(J_1).%2).%(2.%(x
a.”2 - 2.%(J3 1).72)))

N1=a."2 - 4.*(J 1) .72 ;

y 11 = (L 1+ M1)./N 1 ;

y 2l =(L1-M1)./N1;

% hyperbolas with axis AB

a=20.2 ;

J 2 = ;

x = linspace(-1, 1, 100000) ;

=
N

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

=
N
Il

y 12 = (L 2).*(M 2) ;
y 22 = —(L 2).*(M 2) ;

o\°

hyperbolas with axis CB

a=20.2 ;
J 3 = ;
x = linspace(-1, 1, 100000) ;
L3 -((2.%a.*(J_3).%2) - (a.”2).*x) ;
M 3 = sgrt((4.*(J _3).72).*((a.”2 - 2.%(J_3).7%2) .*(2.%(x
"2 - 2.%(J 3).72))) i
3

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 90 degrees w.r.t AB as base
hyperbolas with axis AC

o

a=0.2 ;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 120 degrees w.r.t AB as base
hyperbolas with axis AC

o

a=0.2 ;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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C.3. Hyperbolas generated for Sequence of Stimulation Ato B to C

o

beta = 45 degrees w.r.t AC as base
hyperbolas with axis AC

o

©
|
O

b
I

linspace (-1, 1, 100000) ;

1 =-((2.%a.*(J_1
1 = sgrt((4.*(J 1
N2 = 2.%(d ) ~2)

~ ((@.72 = 2.%(J 1).72) . % (2.%(x.72) + 2.%a.*x +
2
1 =a."2 - 4.%(J_

=t

)

) .
))
1) .72 ;

zZ o

11 = (L1 +M1)./N 1
21 = (L 1-M1)./N 1 ;

LS

oe

hyperbolas with axis AB

a==0.2;
J 2 = ;

x = linspace(-1, 1, 100000) ;

L 2 =sqgrt(a.”2 - (J_2).7%2) ;
sgrt ((x.72./(J_2).72) - 1) ;

=
N
Il

y 12 = (L 2).*(M 2) ;
y 22 = —(L 2).*(M 2) ;

% hyperbolas with axis BC

a=20.2;
J 3 = ;
x = linspace(-1, 1, 100000) ;

-((2.%*a.*(J_3
= sqrt((4.*(J 3
2 - 2.%(J_3)."2)

B 2).%((a."2 = 2.%(J_3).72) .*(2.*(x.7"2) - 2.%a.*x +
a 2
N 3 =a."2 - 4.*(J

)

) .
))
3/\

> W Ww
I

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 60 degrees w.r.t AC as base
hyperbolas with axis AC

o

a=0.2 ;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis BC

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 90 degrees w.r.t AC as base
hyperbolas with axis AC

o

a=0.2 ;

J 1= 3

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

’

Nl

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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C.4. Hyperbolas generated for Sequence of StimulationBto Ato C

o\

beta = 45 degrees w.r.t BC as base
hyperbolas with axis AC

o

a=0.2;

J 1 =;

x = linspace(-1, 1, 100000) ;
L1=-((2.%a.*(J_1)."2) + (a.”2).*x)
M1 =sgrt((4.*(J_1).%2).*((a.”2 = 2.%(J_1).%2).%(2.%(x
a.”2 - 2.%(J3 1).72)))

N1=a."2 - 4.*(J 1) .72 ;

y 11 = (L 1+ M1)./N 1 ;

y 2l =(L1-M1)./N1;

% hyperbolas with axis BA

a=20.2 ;

J 2 = ;

x = linspace(-1, 1, 100000) ;

=
N

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

=
N
Il

y 12 = (L 2).*(M 2) ;
y 22 = —(L 2).*(M 2) ;

o\°

hyperbolas with axis BC

a=20.2 ;
J 3 = ;
x = linspace(-1, 1, 100000) ;
L3 -((2.%a.*(J_3).%2) - (a.”2).*x) ;
M 3 = sgrt((4.*(J _3).72).*((a.”2 - 2.%(J_3).7%2) .*(2.%(x
"2 - 2.%(J3 3).72))) i
3

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 60 degrees w.r.t BC as base
hyperbolas with axis AC

o

a=0.2 ;

J 1= 3

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 90 degrees w.r.t BC as base
hyperbolas with axis AC

o

a=0.2 ;

J 1= 3

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off

Page 121 of 158
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

C.5. Hyperbolas generated for Sequence of Stimulation Bto Cto A

o\

beta = 60 degrees w.r.t BA as base
hyperbolas with axis CA

o

a=0.2;

J 1= 3

x = linspace(-1, 1, 100000) ;
L1=-((2.%a.*(J_1)."2) + (a.”2).*x)
M1 =sgrt((4.*(J_1).%2).*((a.”2 = 2.%(J_1).%2).%(2.%(x
a.”2 - 2.%(J3 1).72)))

N1=a."2 - 4.*(J 1) .72 ;

y 11 = (L 1+ M1)./N 1 ;

y 2l =(L1-M1)./N1;

% hyperbolas with axis BA

a=20.2 ;

J 2 = ;

x = linspace(-1, 1, 100000) ;

=
N

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

=
N
Il

y 12 = (L 2).*(M 2) ;
y 22 = —(L 2).*(M 2) ;

o\°

hyperbolas with axis BC

a=20.2 ;
J 3 = ;
x = linspace(-1, 1, 100000) ;
L3 -((2.%a.*(J_3).%2) - (a.”2).*x) ;
M 3 = sgrt((4.*(J _3).72).*((a.”2 - 2.%(J_3).7%2) .*(2.%(x
"2 - 2.%(J 3).72))) i
3

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 90 degrees w.r.t BA as base
hyperbolas with axis CA

o\

= 0.2 ;
b=

QoW

x = linspace(-1, 1, 100000) ;

1 J .
1 = sgrt((4.*(J ((a.”2 = 2.*%(J_1).72) .*(2.%(x.72) + 2.*a.*x +

o)

% hyperbolas with axis BA

a==0.2;

J_2 = ;

x = linspace(-1, 1, 100000) ;

L 2 =sqgrt(a.”2 - (J_2).7%2) ;

M 2 = sgrt((x.7"2./(J_2).%2) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis BC

0.2 ;

w
~

a
J_
x = linspace(-1, 1, 100000) ;

-((2.%*a.*(J_3
= sqrt((4.*(J 3
2 - 2.%(J_3)."2)

B 2).%((a.”2 = 2.%(J_3).72) .*(2.*(x."2) - 2.%a.*x +
a 2
N 3 =a."2 - 4.*(J

)

).
))
3

> W Ww
|

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off

Page 123 of 158
Manuscript completed on 12th March 2014



Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

o\

beta = 120 degrees w.r.t BA as base
hyperbolas with axis CA

o

a=0.2 ;

J 1= 3

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis BC

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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C.6. Hyperbolas generated for Sequence of Stimulation Cto Ato B

o

beta = 90 degrees w.r.t CB as base
hyperbolas with axis CA

o

©
|
O

b
I

linspace (-1, 1, 100000) ;

1 =-((2.%a.*(J_1

1 = sqgrt((4.*(J 1
N2 = 2.%(d ) ~2)
1 =a."2 - 4.*(J

=t

)

) .
))
1) .72 ;

zZ o

11 = (L1 +M1)./N 1
21 =(L1-M1)./N 1 ;

LS

oe

hyperbolas with axis AB

a==0.2;
J 2 = ;

x = linspace(-1, 1, 100000) ;

L 2 =sqgrt(a.”2 - (J_2).7%2) ;
sgrt ((x.72./(J_2).72) - 1) ;

=
N
Il

y 12 = (L 2).*(M 2) ;
y 22 = —(L 2).*(M 2) ;

% hyperbolas with axis CB

a=20.2;
J 3 = ;
x = linspace(-1, 1, 100000) ;

-((2.%*a.*(J_3
= sqrt((4.*(J_3
a.”"2 - 2.%(J 3).72)
N 3 =a."2 - 4.*(J

> W Ww
I

)

) .
))
3/\

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 120 degrees w.r.t CB as base
hyperbolas with axis CA

o

a=0.2 ;

J 1= 3

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

’

w

a
J_

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 135 degrees w.r.t CB as base
hyperbolas with axis CA

o

a=0.2 ;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis AB

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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C.6. Hyperbolas generated for Sequence of Stimulation CtoBto A

o

beta = 90 degrees w.r.t CA as base
hyperbolas with axis CA

o

©
|
O

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M 1= sqrt((4.*(J_1).%2).*((a.”2 - 2.*%(J_1).72).*(2.%(x
a.”2 - 2.%(J ) ~2)))

N1=a."2 - 4.*(J 1) .72 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

% hyperbolas with axis BA

a=0.2;

J 2 = ;

x = linspace(-1, 1, 100000) ;

L 2 =sqgrt(a.”2 - (J_2).7%2) ;
sgrt ((x.72./(J_2).72) - 1) ;

=
N
Il

y 12 = (L 2).*(M 2) ;
y 22 = —(L 2).*(M 2) ;

o\°

hyperbolas with axis CB

a=20.2;
J 3 = ;
x = linspace(-1, 1, 100000) ;

-((2.%*a.*(J_3
= sqrt((4.*(J_3
a.”"2 - 2.%(J 3).72)
N 3 =a."2 - 4.*(J

> W Ww
I

)
) .
))
3/\

hold on

plot(x,y 11,'r',x,y 21,'c")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13, 'b',x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 120 degrees w.r.t CA as base
hyperbolas with axis CA

o

a=0.2 ;

J 1= 3

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%*(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J 3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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o\

beta = 135 degrees w.r.t CA as base
hyperbolas with axis CA

o

a=0.2 ;

J 1 =;

x = linspace(-1, 1, 100000) ;

L1=-((2.%a.*(J_1)."2) + (a.”2).*x)

M1 =sgrt((4.%(J_1).%2).*((a.”2 = 2.%(J_1).72).%(2.%(x."2) + 2.%a.*x +
a.”"2 - 2.%(J_1)."2))) :

N1=a."2-4.%(J 1)."2 ;

y 11 = (L 1+ M1)./N 1 ;

y2l =(L1-M1)./N 1 ;

[

% hyperbolas with axis BA

0.2 ;

Nl

’

a
J_

X
|

= linspace(-1, 1, 100000) ;

= sqgrt(a.”2 - (J_2)."2) ;
sqrt ((x.72./(J_2).72) - 1) ;

y 12 = (L 2).*(M 2) ;

o)

% hyperbolas with axis CB

0.2 ;

w

a
J_

’

x = linspace(-1, 1, 100000) ;

L 3 =-((2.%a.*(J_3)."2) - (a.”2).*x) ;
M 3 = sqrt ((4.%(J 3).72).%((a.”2 - 2.%(J 3).72).%(2.%(x.%2) - 2.%a.*x +
a."2 - 2.%(J_3).72))) ;

N 3 =a."2 - 4.%(J 3).%2 ;

hold on

plot(x,y 11,'r',x,y 21,'xc")
plot(x,y 12,'g",x,y 22,'g")
plot(x,y 13,'b",x,y 23,'b")
axis equal

axis([-0.2 0.2 -0.4 0.4])
hold off
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D. Velocity Maps

D.1. Straight Line Stimulus to an Equilateral Array of Sensors (or Sources)

% Combined Velocity Map

1 [0.0475 0.0587 0.
0475 -0.0587 -0.0542
1 [0.0881 0.1191 O.
0

0.1191 0.1467

[0.0244 0.0290 O.
244 -0.0290 -0.0259
[0.1014 0.1164 O.
014 0.1164 0.1304 0.

[0.0164 0.0193 0.
164 -0.0193 -0.0170
[0.1060 0.1159 O.
060 0.1159 0.1253 O.

3
.0
3
1

hold on
scatter (
scatter (
scatter (

al,
a 2,
a_ 3,

b_
b_
b_

= 1 mm/ms"',"'v
linspace(-1,1,1000)
= sqrt(3) .*(x+0.2)

-sgrt (3) .*(x-0.2)

s v = {
0542 0.
0.0475
1467 0.
0.0881

0259 0.
0.0244
1304 0.
1014 0.

0170 0.
0.0164
1253 0.
1060 O.

’

1,2,3}

0000 0.
0.0264
1703 0.
0.0629

0000 0.
0.0138
1435 0.
0899 0.

0000 O.
0.0093
1343 0.
0986 0.

2 mm/ms','v

(mm/ms}

0325 0.0542 0.0000

-0.0325 -0.0542 -

0.0000 -0.0475 -0.0264 0.00001

1645 0.1467 0.1703
0.0529 0.0881

0153 0.0259 0.0000
0.0000 -0.0244 -0
1401 0.1304 0.1435
0856 0.1014 0.0899

0101 O.
0.0000
1320 0.
0958 0.

0170 0.0000

1253 0.1343
1060 0.08986

3 mm/ms"')

; %$side AC of triangle ABC
; %side CB of triangle ABC

plOt(Xry_lr 'k'IXIy_ZI k', x, OI L)

axis equal

axis([-0.2 0.2 0 0.3464
text (-0.22, 0.025, 'A',
text (0.21, 0.025, 'B',
text (-0.05, 0.33, 'C"',
hold off

—~ e~~~
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'color', 'r'")
'color', 'b'")
'color', 'g'")
2014

0.1645 0.1467

0.0629 0.0529] ;

-0.0153 -0.0259 -

.0138 0.0000] ;

0.1401 0.1304
0.0856] ;

-0.0101 -0.0170 -

-0.0164 -0.0093 0.00001 ;

0.1320 0.1253
0.0958]1
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D.2. Convex Semicircular Stimulus to an Equilateral Array of Sensors (or Sources)

o)

% Combined Velocity Maps v = {1,2,3} (mm/ms}

= [0.0636 0.0550 0.0404 0.0636 0.0333 0.0000 -0.0636 -0.0333 0.0000 -
636 -0.0550 -0.0404 0.0000 0.0218 0.0404 0.0000 -0.0218 -0.0404] ;

= [0.1522 0.1221 0.0921 0.1522 0.1598 0.1621 0.1522 0.1598 0.1621
522 0.1221 0.0921 0.0420 0.0645 0.0921 0.0420 0.0645 0.0921] ;

OO0 Ow
e

a 2 = [0.0301 0.0271 0.0206 0.0301 0.0157 0 -0.0301 -0.0157 0 -0.0301 -
0.0271 -0.0206 0 0.0114 0.0206 0 -0.0114 -0.02061 ;

b 2 =[0.1328 0.1179 0.1036 0.1328 0.1377 0.1393 0.1328 0.1377 0.1393
0.1328 0.1179 0.1035 0.0807 0.0908 0.1036 0.0807 0.0908 0.1036]

a 3 =[0.0202 0.018 0.0139 0.0202 0.0103 0 -0.0202 -0.0103 0 -0.0202 -0.018
-0.0139 0 0.00767 0.0139 0 -0.00766 -0.0139] ;

b 3 =1[0.1271 0.117 0.1075 0.1271 0.1303 0.1315 0.1271 0.1303 0.1315 0.1271
0.117 0.1075 0.0922 0.0991 0.1075 0.0922 0.0991 0.10751 ;

hold on

scatter(a_1,b 1,'.")

scatter(a 2,b 2,'.")

scatter(a_3,b 3,'.")

legend('v = 1 mm/ms','v = 2 mm/ms','v = 3 mm/ms"')

linspace(-1,1,1000) ;
= sqrt(3).*(x+0.2) ; S$side AC of triangle ABC
= -sqgrt(3).*(x-0.2) ; %side CB of triangle ABC

plOt(le_ll 'kllxly_zl 'k'lxl OI 'k')
axis equal

axis([-0.2 0.2 0 0.34647])

text (-0.22, 0.025, 'A', 'color', 'r'")
text (0.21, 0.025, 'B', 'color', 'b'")
text (-0.05, 0.33, 'C', 'color', 'g")
hold off
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D.3. Concave Semicircular Stimulus to an Equilateral Array of Sensors (or Sources)

% Combined Velocity Maps v = {1,2,3} (mm/ms}

= [0.0569 0.0547 0.0509 0.0198 0.00965 0 -0.0198 -0.00965 0 -0.0569 -
547 -0.0509 0.0371 0.045 0.0509 -0.0371 -0.045 -0.0509] ;
= [0.1055 0.0950 0.0861 0.1698 0.173 0.1742 0.1698 0.173 0.1742 0.1055

1
0
1
095 0.0861 0.0711 0.0783 0.0861 0.0711 0.0783 0.0861] ;

a_
0.
b_
0.
a 2 = [0.0286 0.0278 0.0261 0.009285 0.0045077 0 -0.009285 -0.0045077 0 -
0.0286 -0.0278 -0.0261 0.0193 0.0232 0.0261 -0.0193 -0.0232 -0.0261] ;

b 2 = [0.1097 0.1047 0.1004 0.1431 0.1449 0.1456 0.1431 0.1449 0.1456
0.1097 0.1047 0.1004 0.0936 0.0968 0.1004 0.0936 0.0968 0.1004]

a 3 = [0.0191 0.0186 0.0175 0.006055 0.002934 0 -0.006055 -0.002934 0 -
0.0191 -0.0186 -0.0175 0.013 0.0157 0.0175 -0.013 -0.0157 -0.0175] ;

b 3 =[0.1114 0.1081 0.1053 0.134 0.1353 0.1357 0.134 0.1353 0.1357 0.1114
0.1081 0.1053 0.101 0.103 0.1053 0.101 0.103 0.1053] ;

hold on

scatter(a_1,b 1,'.")

scatter(a 2,b 2,'.")

scatter(a_3,b 3,'.")

legend('v = 1 mm/ms','v = 2 mm/ms','v = 3 mm/ms"')

x = linspace(-1,1,1000) ;

y 1 = sgrt(3).*(x+0.2) ; %side AC of triangle ABC

y 2 = -sqrt(3).*(x-0.2) ; Sside CB of triangle ABC

plOt(le_ll 'kllxly_zl 'k'lxl OI 'k')
axis equal

axis([-0.2 0.2 0 0.34647])

text (-0.22, 0.025, 'A', 'color', 'r'")
text (0.21, 0.025, 'B', 'color', 'b'")
text (-0.05, 0.33, 'C', 'color', 'g")
hold off
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D.4. Straight Line Stimulus to a Right Isosceles Array of Sensors (or Sources)

% Combined Velocity Maps v = {1,2,3} (mm/ms}

a 1l = [0.0436 0.050 0.0438 0 0.0133 0.0359 0 -0.0133 -0.0359 -0.0436 -0.05
-0.0438 0.0359 0.0134 0 -0.0359 -0.0134 0]

b 1= 1[-0.022 0.00625 0.0284 0.045 0.044 0.0359 0.045 0.044 0.0359 -0.022
0.00625 0.0284 -0.0359 -0.0555 -0.0583 -0.0359 -0.0555 -0.0583] ;

a 2 = [0.0217 0.0250 0.0217 0 0.006543 0.0178 0 -0.006543 -0.0178 -0.0217 -
0.025 -0.0217 0.0178 0.0065535 0 -0.0178 -0.0065535 0] ;

b 2 = [-0.0117 0.00156 0.0133 0.0236 0.0229 0.0178 0.0236 0.0229 0.0178 -
0.0117 0.001562 0.0133 -0.0178 -0.0256 -0.0268 -0.0178 -0.0256 -0.0268] ;

a 3 =[0.0144 0.0167 0.0144 0 0.0043135 0.0118 0 -0.0043136 -0.0118 -0.0145
-0.0167 -0.0144 0.0118 0.004316 0 -0.0118 -0.004316 0] -

b 3 = [-0.00795 0.0007 0.00864 0.016 0.0155 0.0118 0.016 0.0155 0.0118 -
0.00796 0.0007 0.00865 -0.0118 -0.0168 -0.0174 -0.0118 -0.0168 -0.0174] ;

hold on

scatter(a_1,b 1,'.")

scatter(a 2,b 2,'.")

scatter(a 3,b 3,'.")

x = linspace(-0.2,0.2,10000) ;

y 1 =20.2 + x; %side CA of triangle ABC

y 2 =0.2 - x ; %side CB of triangle ABC

legend('v = 1 mm/ms', 'v = 2 mm/ms', 'v = 3 mm/ms')

plot(x,y 1,'k',x,y 2,'k",x,0,"'k")
axis equal

axis([-0.4 0.4 -0.1 0.21)

text (-0.22, 0.025, 'A', 'color', 'r'")
text (0.21, 0.025, 'B', 'color', 'b'")
text (-0.06, 0.185, 'C', 'color', 'g')
hold off
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E. Simulation Results on MATLAB

E.1. Straight Line Stimulus to an Equilateral Triangular Array

J parameters for v=1 mm/ms (Speed of the Stimulus)

SEQUENCEATOCTO 60° 90° 120°
B (Base AB)
Jac 0 0.025 0.043301270189222
JaB 0.043301270189222 0.05 0.043301270189222
Jcs 0.043301270189222 0.025 0
SEQUENCEATOBTO 60° 90° 120°
C (Base AC)
Jac 0.043301270189222 0.05 0.043301270189222
JaB 0 0.025 0.043301270189222
Isc 0.043301270189222 0.025 0
SEQUENCEBTOATO 60° 90° 120°
C (Base BC)
Jac 0.043301270189222 0.025 0
IBa 0 0.025 0.043301270189222
Isc 0.043301270189222 0.05 0.043301270189222
SEQUENCEBTOCTO 60° 90° 120°
A (Base BA)
Jca 0.043301270189222 0.025 0
JBa 0.043301270189222 0.05 0.043301270189222
Isc 0 0.025 0.043301270189222
SEQUENCECTOATO 60° 90° 120°
B (Base CB)
Jca 0 0.025 0.043301270189222
JaB 0.043301270189222 0.025 0
Jcs 0.043301270189222 0.05 0.043301270189222
SEQUENCECTOBTO 60° 90° 120°
A (Base CA)
Jca 0.043301270189222 0.05 0.043301270189222
I5a 0.043301270189222 0.025 0
Jcs 0 0.025 0.043301270189222
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
60° 0.0475 0.0881
90° 0.0587 0.1191
120° 0.0542 0.1467
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
60° 0 0.1703
90° 0.0325 0.1645
120° 0.0542 0.1467
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
60° 0 0.1703
90° -0.0325 0.1645
120° -0.0542 0.1467
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
60° -0.0475 0.0881
90° -0.0587 0.1191
120° -0.0542 0.1467
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
60° 0.0475 0.0881
90° 0.0264 0.0629
120° 0 0.0529
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
60° -0.0475 0.0881
90° -0.0264 0.0629
120° 0 0.0529
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J parameters for v=2 mm/ms

SEQUENCEATOCTO 60° 90° 120°
B (Base AB)
Jac 0 0.0125 0.021650635094611
JaB 0.021650635094611 0.025 0.021650635094611
Jcs 0.021650635094611 0.0125 0
SEQUENCEATOBTO 60° 90° 120°
C (Base AC)
Jac 0.021650635094611 0.025 0.021650635094611
JaB 0 0.0125 0.021650635094611
Jsc 0.021650635094611 0.0125 0
SEQUENCEBTOATO 60° 90° 120°
C (Base BC)
Jac 0.021650635094611 0.0125 0
IBa 0 0.0125 0.021650635094611
Jzc 0.021650635094611 0.025 0.021650635094611
SEQUENCEBTOCTO 60° 90° 120°
A (Base BA)
Jca 0.021650635094611 0.0125 0
IBa 0.021650635094611 0.025 0.021650635094611
Jzc 0 0.0125 0.021650635094611
SEQUENCECTOATO 60° 90° 120°
B (Base CB)
Jca 0 0.0125 0.021650635094611
JaB 0.021650635094611 0.0125 0
Jcs 0.021650635094611 0.025 0.021650635094611
SEQUENCECTOBTO 60° 90° 120°
A (Base CA)
Jca 0.021650635094611 0.025 0.021650635094611
I5a 0.021650635094611 0.0125 0
Jcs 0 0.0125 0.021650635094611
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
60° 0.0244 0.1014
90° 0.029 0.1164
120° 0.0259 0.1304
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
60° 0 0.1435
90° 0.0153 0.1401
120° 0.0259 0.1304
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
60° 0 0.1435
90° -0.0153 0.1401
120° -0.0259 0.1304
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
60° -0.0244 0.1014
90° -0.029 0.1164
120° -0.0259 0.1304
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
60° 0.0244 0.1014
90° 0.0138 0.0899
120° 0 0.0856
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
60° -0.0244 0.1014
90° -0.0138 0.0899
120° 0 0.0856
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J parameters for v=3 mm/ms

SEQUENCEATOCTO 60° 90° 120°
B (Base AB)
Jac 0 0.008333333333333 0.014433756729741
JaB 0.014433756729741 0.016666666666667 0.014433756729741
Jcs 0.014433756729741 0.008333333333333 0
SEQUENCEATO BTO 60° 90° 120°
C (Base AC)
Jac 0.014433756729741 0.016666666666667 0.014433756729741
JaB 0 0.008333333333333 0.014433756729741
Jsc 0.014433756729741 0.008333333333333 0
SEQUENCEBTOATO 60° 90° 120°
C (Base BC)
Jac 0.014433756729741 0.008333333333333 0
JBa 0 0.008333333333333 0.014433756729741
Jzc 0.014433756729741 0.016666666666667 0.014433756729741

SEQUENCEBTOCTO 60° 90° 120°
A (Base BA)
Jca 0.014433756729741 0.008333333333333 0
IBa 0.014433756729741 0.016666666666667 0.014433756729741
JBc 0 0.008333333333333 0.014433756729741
SEQUENCECTOATO 60° 90° 120°
B (Base CB)
Jca 0 0.008333333333333 0.014433756729741
JaB 0.014433756729741 0.008333333333333 0
Jcs 0.014433756729741 0.016666666666667 0.014433756729741
SEQUENCECTOBTO 60° 90° 120°
A (Base CA)
Jca 0.014433756729741 0.016666666666667 0.014433756729741
I5a 0.014433756729741 0.008333333333333 0
Jcs 0 0.008333333333333 0.014433756729741

Page 139 of 158

Manuscript completed on 12th March 2014




Dr Joseph Ivin Thomas M.B.B.S, B.Sc. (Physics), M.Sc (Neuroscience)

POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
60° 0.0164 0.1060
90° 0.0193 0.1159
120° 0.0170 0.1253
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
60° 0 0.1343
90° 0.0101 0.1320
120° 0.0170 0.1253
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
60° 0 0.1343
90° -0.0101 0.1320
120° -0.0170 0.1253
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
60° -0.0164 0.1060
90° -0.0193 0.1159
120° -0.0170 0.1253
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
60° 0.0164 0.1060
90° 0.0093 0.0986
120° 0 0.0958
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
60° -0.0164 0.1060
90° -0.0093 0.0986
120° 0 0.0958
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E.2. Convex Semicircular Stimulus to an Equilateral Triangular Array

J parameters for v=1 mm/ms (Speed of the Stimulus)

SEQUENCEATOCTO 0° 15° 30°
B (Base AB)
Jac 0.05 0.0259 0
JaB 0.05 0.0466 0.0366
JcB 0 0.0207 0.0366
SEQUENCEATOBTO 0° 15° 30°
C (Base AC)
Jac 0.05 0.0466 0.0366
JaB 0.05 0.0259 0
Jzc 0 0.0207 0.0366
SEQUENCEBTOATO 0° 15° 30°
C (Base BC)
Jac 0 0.0207 0.0366
IBa 0.05 0.0259 0
Jzc 0.05 0.0466 0.0366
SEQUENCEBTOCTO 0° 15° 30°
A (Base BA)
Jca 0 0.0207 0.0366
JBa 0.05 0.0466 0.0366
Isc 0.05 0.0259 0
SEQUENCECTOATO 0° 15° 30°
B (Base CB)
Jca 0.05 0.0259 0
JaB 0 0.0207 0.0366
Jcs 0.05 0.0466 0.0366
SEQUENCECTOBTO 0° 15° 30°
A (Base CA)
Jca 0.05 0.0466 0.0366
JBa 0 0.0207 0.0366
Jcs 0.05 0.0259 0
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
0° 0.0636 0.1522
15° 0.055 0.1221
30° 0.0404 0.0921
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
0° 0.0636 0.1522
15° 0.0333 0.1598
30° 0 0.1621
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
0° -0.0636 0.1522
15° -0.0333 0.1598
30° 0 0.1621
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
0° -0.0636 0.1522
15° -0.055 0.1221
30° -0.0404 0.0921
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
0° 0 0.042
15° 0.0218 0.0645
30° 0.0404 0.0921
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
0° 0 0.042
15° -0.0218 0.0645
30° -0.0404 0.0921
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J parameters for v=2 mm/ms

SEQUENCEATOCTO 0° 15° 30°
B (Base AB)
Jac 0.025 0.0129 0
JaB 0.025 0.0233 0.0183
Jcs 0 0.0104 0.0183
SEQUENCEATOBTO 0° 15° 30°
C (Base AC)
Jac 0.025 0.0233 0.0183
JaB 0.025 0.0129 0
Jsc 0 0.0104 0.0183
SEQUENCEBTOATO 0° 15° 30°
C (Base BC)
Jac 0 0.0104 0.0183
IBa 0.025 0.0129 0
Jzc 0.025 0.0233 0.0183
SEQUENCEBTOCTO 0° 15° 30°
A (Base BA)
Jca 0 0.0104 0.0183
IBa 0.025 0.0233 0.0183
Jzc 0.025 0.0129 0
SEQUENCECTOATO 0° 15° 30°
B (Base CB)
Jca 0.025 0.0129 0
JaB 0 0.0104 0.0183
Jcs 0.025 0.0233 0.0183
SEQUENCECTOBTO 0° 15° 30°
A (Base CA)
Jca 0.025 0.0233 0.0183
I5a 0 0.0104 0.0183
Jcs 0.025 0.0129 0
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
0° 0.0301 0.1328
15° 0.0271 0.1179
30° 0.0206 0.1036
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
0° 0.0301 0.1328
15° 0.0157 0.1377
30° 0 0.1393
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
0° -0.0301 0.1328
15° -0.0157 0.1377
30° 0 0.1393
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
0° -0.0301 0.1328
15° -0.0271 0.1179
30° -0.0206 0.1035
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
0° 0 0.0807
15° 0.0114 0.0908
30° 0.0206 0.1036
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
0° 0 0.0807
15° -0.0114 0.0908
30° -0.0206 0.1036
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J parameters for v=3 mm/ms

SEQUENCEATOCTO 0° 15° 30°
B (Base AB)
Jac 0.017 0.0087 0
JaB 0.017 0.0155 0.0122
Jcs 0 0.0069 0.0122
SEQUENCEATOBTO 0° 15° 30°
C (Base AC)
Jac 0.017 0.0155 0.0122
JaB 0.017 0.0087 0
Jsc 0 0.0069 0.0122
SEQUENCEBTOATO 0° 15° 30°
C (Base BC)
Jac 0 0.0069 0.0122
IBa 0.017 0.0087 0
Jsc 0.017 0.0155 0.0122
SEQUENCEBTOCTO 0° 15° 30°
A (Base BA)
Jca 0 0.0069 0.0122
JBa 0.017 0.0155 0.0122
Jzc 0.017 0.0087 0
SEQUENCECTOATO 0° 15° 30°
B (Base CB)
Jca 0.017 0.0087 0
JaB 0 0.0069 0.0122
Jcs 0.017 0.0155 0.0122
SEQUENCECTOBTO 0° 15° 30°
A (Base CA)
Jca 0.017 0.0155 0.0122
Jsa 0 0.0069 0.0122
Jcs 0.017 0.0087 0
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
0° 0.0202 0.1271
15° 0.018 0.117
30° 0.0139 0.1075
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
0° 0.0202 0.1271
15° 0.0103 0.1303
30° 0 0.1315
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
0° -0.0202 0.1271
15° -0.0103 0.1303
30° 0 0.1315
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
0° -0.0202 0.1271
15° -0.018 0.117
30° -0.0139 0.1075
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
0° 0 0.0922
15° 0.00767 0.0991
30° 0.0139 0.1075
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
0° 0 0.0922
15° -0.00766 0.0991
30° -0.0139 0.1075
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E.3. Concave Semicircular Stimulus to an Equilateral Triangular Array

J parameters for v=1 mm/ms (Speed of the Stimulus)

SEQUENCEATOCTO 0° 15° 30°
B (Base AB)
Jac 0.0151 0.0073 0
JaB 0.05 0.0491 0.0465
Jcs 0.0349 0.0418 0.0465
SEQUENCEATO BTO 0° 15° 30°
C (Base AC)
Jac 0.05 0.0491 0.0465
JaB 0.0151 0.0073 0
Isc 0.0349 0.0418 0.0465
SEQUENCEBTOATO 0° 15° 30°
C (Base BC)
Jac 0.0349 0.0418 0.0465
IBa 0.0151 0.0073 0
Isc 0.05 0.0491 0.0465
SEQUENCEBTOCTO 0° 15° 30°
A (Base BA)
Jca 0.0349 0.0418 0.0465
IBa 0.05 0.0491 0.0465
Jzc 0.0151 0.0073 0
SEQUENCECTOATO 0° 15° 30°
B (Base CB)
Jca 0.0151 0.0073 0
JaB 0.0349 0.0418 0.0465
Jcs 0.05 0.0491 0.0465
SEQUENCECTOBTO 0° 15° 30°
A (Base CA)
Jca 0.05 0.0491 0.0465
I5a 0.0349 0.0418 0.0465
Jcs 0.0151 0.0073 0
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
0° 0.0569 0.1055
15° 0.0547 0.095
30° 0.0509 0.0861
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
0° 0.0198 0.1698
15° 0.0096 0.173
30° 0 0.1742
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
0° -0.0198 0.1698
15° -0.0096 0.173
30° 0 0.1742
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
0° -0.0569 0.1055
15° -0.0547 0.095
30° -0.0509 0.0861
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
0° 0.0371 0.0711
15° 0.045 0.0783
30° 0.0509 0.0861
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
0° -0.0371 0.0711
15° -0.045 0.0783
30° -0.0509 0.0861
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J parameters for v=2 mm/ms

SEQUENCEATOCTO 0° 15° 30°
B (Base AB)
Jac 0.00755 0.00365 0
JaB 0.025 0.02455 0.02325
Jcs 0.01745 0.0209 0.02325
SEQUENCEATOBTO 0° 15° 30°
C (Base AC)
Jac 0.025 0.02455 0.02325
JaB 0.00755 0.00365 0
Jsc 0.01745 0.0209 0.02325
SEQUENCEBTOATO 0° 15° 30°
C (Base BC)
Jac 0.01745 0.0209 0.02325
IBa 0.00755 0.00365 0
Jzc 0.025 0.02455 0.02325
SEQUENCEBTOCTO 0° 15° 30°
A (Base BA)
Jca 0.01745 0.0209 0.02325
IBa 0.025 0.02455 0.02325
Jzc 0.00755 0.00365 0
SEQUENCECTOATO 0° 15° 30°
B (Base CB)
Jca 0.00755 0.00365 0
JaB 0.01745 0.0209 0.02325
Jcs 0.025 0.02455 0.02325
SEQUENCECTOBTO 0° 15° 30°
A (Base CA)
Jca 0.025 0.02455 0.02325
I5a 0.01745 0.0209 0.02325
Jcs 0.00755 0.00365 0
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
0° 0.0286 0.1097
15° 0.0278 0.1047
30° 0.0261 0.1004
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
0° 0.009285 0.1431
15° 0.0045077 0.1449
30° 0 0.1456
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
0° -0.009285 0.1431
15° -0.0045077 0.1449
30° 0 0.1456
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
0° -0.0286 0.1097
15° -0.0278 0.1047
30° -0.0261 0.1004
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
0° 0.0193 0.0936
15° 0.0232 0.0968
30° 0.0261 0.1004
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
0° -0.0193 0.0936
15° -0.0232 0.0968
30° -0.0261 0.1004
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J parameters for v=3 mm/ms

SEQUENCEATOCTO 0° 15° 30°
B (Base AB)
Jac 0.00503 0.00243 0
JaB 0.0166 0.01636 0.0155
Jcs 0.01163 0.01393 0.0155
SEQUENCEATOBTO 0° 15° 30°
C (Base AC)
Jac 0.0166 0.01636 0.0155
JaB 0.00503 0.00243 0
Jsc 0.01163 0.01393 0.0155
SEQUENCEBTOATO 0° 15° 30°
C (Base BC)
Jac 0.01163 0.01393 0.0155
IBa 0.00503 0.00243 0
Jsc 0.0166 0.01636 0.0155
SEQUENCEBTOCTO 0° 15° 30°
A (Base BA)
Jca 0.01163 0.01393 0.0155
Isa 0.0166 0.01636 0.0155
Jzc 0.00503 0.00243 0
SEQUENCECTOATO 0° 15° 30°
B (Base CB)
Jca 0.00503 0.00243 0
JaB 0.01163 0.01393 0.0155
Jcs 0.0166 0.01636 0.0155
SEQUENCECTOBTO 0° 15° 30°
A (Base CA)
Jca 0.0166 0.01636 0.0155
I5a 0.01163 0.01393 0.0155
Jcs 0.00503 0.00243 0
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
0° 0.0191 0.1114
15° 0.0186 0.1081
30° 0.0175 0.1053
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
0° 0.006055 0.134
15° 0.002934 0.1353
30° 0 0.1357
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
0° -0.006055 0.134
15° -0.002934 0.1353
30° 0 0.1357
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
0° -0.0191 0.1114
15° -0.0186 0.1081
30° -0.0175 0.1053
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
0° 0.013 0.101
15° 0.0157 0.103
30° 0.0175 0.1053
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
0° -0.013 0.101
15° -0.0157 0.103
30° -0.0175 0.1053
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E.4. Straight Line Stimulus to a Right Isosceles Triangular Array

J parameters for v=1 mm/ms (Speed of the Stimulus)

SEQUENCEATOCTO 60° 90° 120°
B (Base AB)
Jac 0.0091506 0.025 0.0341506
JaB 0.0433012 0.05 0.0433012
Jcs 0.0341506 0.025 0.0091506
SEQUENCEATO BTO 45° 60° 90°
C (Base AC)
Jac 0.025 0.0306186 0.035355
JaB 0 0.0129409 0.035355
Isc 0.025 0.0176776 0
SEQUENCEBTOATO 45° 60° 90°
C (Base BC)
Jac 0.025 0.0176776 0
IBa 0 0.0129409 0.035355
Isc 0.025 0.0306186 0.035355
SEQUENCEBTOCTO 60° 90° 120°
A (Base BA)
Jca 0.0341506 0.025 0.0091506
IBa 0.0433012 0.05 0.0433012
Jzc 0.0091506 0.025 0.0341506
SEQUENCECTOATO 90° 120° 135°
B (Base CB)
Jca 0 0.0176776 0.025
JaB 0.035355 0.0129409 0
Jcs 0.035355 0.0306186 0.025
SEQUENCECTOBTO 90° 120° 135°
A (Base CA)
Jca 0.035355 0.0306186 0.025
I5a 0.035355 0.0129409 0
Jcs 0 0.0176776 0.025
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
60° 0.0436 -0.0220
90° 0.050 0.00625
120° 0.0438 0.0284
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
45° 0 0.045
60° 0.0133 0.044
90° 0.0359 0.0359
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
45° 0 0.045
60° -0.0133 0.044
90° -0.0359 0.0359
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
60° -0.0436 -0.022
90° -0.05 0.00625
120° -0.0438 0.0284
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
90° 0.0359 -0.0359
120° 0.0134 -0.0555
135° 0 -0.0583
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
90° -0.0359 -0.0359
120° -0.0134 -0.0555
135° 0 -0.0583
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J parameters for v=2 mm/ms

SEQUENCEATOCTO 60° 90° 120°
B (Base AB)
Jac 0.0046 0.0125 0.0171
JaB 0.0217 0.025 0.0217
Jcs 0.0171 0.0125 0.0046
SEQUENCEATOBTO 45° 60° 90°
C (Base AC)
Jac 0.0125 0.0153 0.0177
JaB 0 0.0065 0.0177
Jsc 0.0125 0.0088 0
SEQUENCEBTOATO 45° 60° 90°
C (Base BC)
Jac 0.0125 0.0088 0
IBa 0 0.0065 0.0177
Jsc 0.0125 0.0153 0.0177
SEQUENCEBTOCTO 60° 90° 120°
A (Base BA)
Jca 0.0171 0.0125 0.0046
JBa 0.0217 0.025 0.0217
Jsc 0.0046 0.0125 0.0171
SEQUENCECTOATO 90° 120° 135°
B (Base CB)
Jca 0 0.0088 0.0125
JaB 0.0177 0.0065 0
Jcs 0.0177 0.0153 0.0125
SEQUENCECTOBTO 90° 120° 135°
A (Base CA)
Jca 0.0177 0.0153 0.0125
I5a 0.0177 0.0065 0
Jcs 0 0.0088 0.0125
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
60° 0.0217 -0.0117
90° 0.0250 0.00156
120° 0.0217 0.0133
SEQUENCEATO B TO X Y
C (Angle w.r.t AC)
45° 0 0.0236
60° 0.006543 0.0229
90° 0.0178 0.0178
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
45° 0 0.0236
60° -0.006543 0.0229
90° -0.0178 0.0178
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
60° -0.0217 -0.0117
90° -0.025 0.00156
120° -0.0217 0.0133
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
90° 0.0178 -0.0178
120° 0.0065 -0.0256
135° 0 -0.0268
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
90° -0.0178 -0.0178
120° -0.0065 -0.0256
135° 0 -0.0268
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J parameters for v=3 mm/ms

SEQUENCEATOCTO 60° 90° 120°
B (Base AB)
Jac 0.0031 0.00833 0.0114
JaB 0.0144 0.01667 0.0144
Jcs 0.0114 0.00833 0.0031
SEQUENCEATOBTO 45° 60° 90°
C (Base AC)
Jac 0.0083 0.0102 0.0118
JaB 0 0.0043 0.0118
Jsc 0.0083 0.0059 0
SEQUENCEBTOATO 45° 60° 90°
C (Base BC)
Jac 0.0083 0.0059 0
IBa 0 0.0043 0.0118
Jzc 0.0083 0.0102 0.0118
SEQUENCEBTOCTO 60° 90° 120°
A (Base BA)
Jca 0.0114 0.0083 0.0031
JBa 0.0144 0.0167 0.0144
Jzc 0.0031 0.0083 0.0114
SEQUENCECTOATO 90° 120° 135°
B (Base CB)
Jca 0 0.0059 0.0083
JaB 0.0118 0.0043 0
Jcs 0.0118 0.0102 0.0083
SEQUENCECTOBTO 90° 120° 135°
A (Base CA)
Jca 0.0118 0.0102 0.0083
I5a 0.0118 0.00433 0
Jcs 0 0.0059 0.0083
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POINTS OF INTERSECTION

SEQUENCEATOCTO X Y
B (Angle w.r.t AB)
60° 0.0144 -0.0079
90° 0.0167 0.0007
120° 0.0144 0.0086
SEQUENCEATOBTO X Y
C (Angle w.r.t AC)
45° 0 0.016
60° 0.0043 0.0155
90° 0.0118 0.0118
SEQUENCEBTOATO X Y
C (Angle w.r.t BC)
45° 0 0.016
60° -0.0043 0.0155
90° -0.0118 0.0118
SEQUENCEBTOCTO X Y
A (Angle w.r.t BA)
60° -0.0145 -0.00796
90° -0.0167 0.0007
120° -0.0144 0.00865
SEQUENCECTOATO X Y
B (Angle w.r.t CB)
90° 0.0118 -0.0118
120° 0.0043 -0.0168
135° 0 -0.0174
SEQUENCECTOBTO X Y
A (Angle w.r.t CA)
90° -0.0118 -0.0118
120° -0.0043 -0.0168
135° 0 -0.0174

Page 158 of 158
Manuscript completed on 12th March 2014



	A Mathematical Treatise on Polychronous Wavefront Computation and its Application into Modeling Neurosensory Systems.pdf
	Supplementary Material.pdf

