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Growth of bacteria is collated with Brownian motion
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Abstract

Biological complex akin like the cell exist primarily investigate by taking a look at the
biophysical effects of its internal perform. Pathogens are sole that is evolving in ecology.
In this paper germination of bacteria and its evaluation of supplanting can be research by
Brownian motion which is developed by one dimensional wave equation. Brownian motion
can influence the movement of bacteria themselves. While bacteria possess flagella or other
appendages for directed movement Brownian motion can still affect their overall movement,
causing them to move in a somewhat random or diffusive manner. Overall, Brownian motion
plays a fundamental role in the micro scale dynamics of bacterial growth by facilitating
nutrient dispersion and influencing bacterial movement within their environment.Growth is
conferred employing by pixel profile software. Cluster pattern of bacteria forms complexity.
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1. Introduction

The partial differential mathematical problem emerge in the education of
hydro statistics, heat interchange, electromagnetic theory, quantum mechanics
and other areas of physics and engineering. In fact, area of exercise of PDE is
immense differentiate to ODE. Generally, a PDE will have many solutions. For
example, the functions

v=a’—b’, u=¢"cos b, v=log, (a> + b*)

are different infusion of equation. In order to acquire special infusion of a PDE
concern to specific situation called stipulation. For instance consider the partial
differential equation
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oy _ 20%
atz 7 ax?’
The solution y(x,t) is unique when obtained under the conditions y(x,0) =
2 Oy

X’at

(x,0) = 5x, called initial conditions and the conditions

=2y0,)=0&

=y(,t)=0
called border conditions. The initial conditions and the border conditions
together are known as border value conditions. The differential equation
%y _ 0%
a2 © axz
complication [5].

with the border value conditions is known as a border utility

1.1 Fractals

The fractal comes into view uniform at dissimilar scales. Fractals elucidate
by restate be operative process frequently dispose call for self-similarity. The
fractal possesses algebraic or probability calculates such are desiccate to the
other side of scales. The majority of late explanations of “fractal” incidental
imply few shape of algebraic self-similarity. Arbitrarily fractals are instance of
fractals the assumed are accurately self-similar, still neither extract nor quasi-
self-similar. All legitimate fractals of the one species together a little
arithmetical self-similar particularly are problematic or without method. At hand
conformity in environment, yet on immediate examination existent is also a
compound dissimilarity. Minority earthling is the identical dimension and
configuration. Lithocarpus conifers are distinct. Nearby, though, a recently
evolved idea of regularity certain is demonstrated especially utility in describing
environment elementary dissimilarity. Certain regularity possess consistent
escorted by high opinion to dimension. The topic possesses self-similarity, the
mentioned small-scale segment of an entity are identical to immense segment of
the entity, assumed that are similar to the entire entity. Environment dispenses
by definition as a deluge of self-similar dimension, starting with sapling to
constellation. The geometric research of self-similar dimension and its
connection to environmental dimension subsisted initial extension in The
Chaotic calculation if the cosmos written by Benoit Mandelbrot in year 1977.
Single identical scale, the gleaming segment, possesses a prolonged choice
splitting tool of designer. The gleaming segment generates a identical curl of
rhombus. The deluge of identical fraction is something that generates the
supernatural. its perception, encountering developed in nature's self-similar
deluge, recognize identical in delineate focus. Chaotic calculation is the research
of topological dimension that exhibit a surge of ceaseless, identical, twisting
feature as sole distinguish it extra firmly [3]. The chaotic shape is a topological
estimate the level of curving of the surface disposed. Environmental dimension
and measure, like bract, branch let, mountain chain, deluge intensity of a
waterway, crest, and action potential, layout this development of identical shape.
Chaotic theory is reality that worn in numerous fields starting from fundamental
science to tuneful plays. Building design and outline, disturbed with the
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domination of pattern, well-being from the utilized of this proportional latest
topological aid. The Chaotic shape dispenses a significant calculation of the
combination of arrangement and nonplus in a tuneful plays. Fractal geometry is
a infrequent sample of a equipment such that can hold on inside the essential of
outline play [2].

2. Definition
A Brownian motion or random motion (B, exist real appraise Fractal

procedure in such a manner

() By=0;

(ii)) Unconventional enhancement: the arbitrarily integer B, — B,, B, —B; arise
individualistic at any time u < v < s <t (remarkable interlude (u, v), (s,t)
arise dislocate.) or The aforementioned Mean operation.

(i) Conventional enhancement: By, —B; ~ NV st > 0.1 or This possess
arithmetic mean m(t) = 0 along with dispersion B(s,t) = min(s,t).

(iv) Sustained trial track: escorted by possibility 1, the function t — B, exists
continual.

The resources of random motion be viable a large amount similar to these
negative binomial regression operation. Resources (iii) implicit the
enhancements arise motionless, particularly a random motion exist motionless,
Conventional enhancement, fair such as the negative binomial regression
operation. The dissimilarity starting with negative binomial regression operation
exist the enhancements of random motion arise sustained, not negative binomial
regression operation; beside just the same uninterrupted procedure [9].

Belongings of Random motion

Ascend effects

(i) (B is a random motion (regularity)

(i) (Bus—Bs)eo following stable s exist random motion (relocation resources)

(ii1) \/%]B%ct, escorted by ¢ > 0 exist stable unchanging factor, exist random

motion (ascent)
(iv) (tBy/)eo exist random motion (flow transposition)

Resources (iii) manifest a certain random motion alike stochastic: aspect
accurately “self-same” however ascend, under no circumstances countless close
examination, presuming that latitude along with measure arise ascend by means
of modus operandi (once more, glimpse the deviating ascend latitude « +/time.)
A certain resource abides by natch starting with the manufacture of Brownian
motion as a limit of random walks. Validation. (i), (ii), (iii) go around with
forthrightly starting with enumerate, alongside investigating the necessary
circumstances arise self- satisfied. As an illustration, following (iii): Permit X, =
¢ "W. After that (i) X, = ¢ "W, = 0. (ii) X, possess unconventional
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enhancements — that indicate simple to investigate. (iii) Conventional
enhancement: for t > s, X, =X; =c¢ "% (W —Weo) ~ ¢ "2N(0, ¢(t —s)) ~ N(0,t
-s).

(iv) Progression — that indicate starting with flow of Bt . Through
investigation (iv) utilize statement (ii) of Random motion as a mean procedure.

The issue residue a certain investigates a particular this is continuity concerning
01[9].

v

.!.'\
.

EI L] E EI L] E EI ] E [ L]

A few estimated attainment as a concern random motion. The particular be
viable manufactured beside replicate a arbitrarily amble escorted by trample
with dispensation N(0, VAt), occasionally At = 0.01. The overall measurement
of the whole lot understanding exist ten measures.

3. Method

Brownian motion on the actual score as a restriction of a arbitrarily amble
or ‘drunkard’s walk’, and enlarge the explanation to the excessive geometrical
occurrence in the succeeding segment. A arbitrarily amble on a undeviating
roadway (assume a prong in use of number line R) grasp tread about distance o
concerning measure interlude of &, working ahead instead in reverse
accompanied by uniform likeliness 1/ 2 with the overseeing of the moves all are
unconstrained. Let X, (t) indicate the position to do with rambler concerning
measure t. Then, specified the location X, (k €) at time ke, the location X, ((k +
1)) concerning measurement (k + 1) is symmetrically exist X, (k) + o instead
X¢ (k&) — a. Suppose such the rambler begin on root concerning measure at 0, at
that time for t > 0, the location concerning measure t is expressed separately
arbitrary inconstant

Xe (0= (Y, ++ V)

The locus Yj, Y,,... are freethinking arbitrary inconstant, severally
proceeds the value of +1 accompanied by likeliness 1/ 2 and—1 with likeliness 1/
2 . Over here, |t/¢ | indicates the enormous number not greater than t’e. Assign
the step distance by mounting o = V ¢ in order that

XS (t) = \/(Yl toet Y[E])

Subsequently the intend and deviation of the rambler’s location at time t
are
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E(X; () = Ve (B(Y)+ -+ E(Y ) =0
and var(X; (t)) = & (var(Y )+ -+ var(Y[E])) =egl|Ve|~t

if t is huge collate with €. Consequently, no more a huge integers of arbitrary
amble of the mean location at time t is 0 and the typical distance of the walker
from the origin will be around \t, the standard deviation of X (t). In addition, the
central limit theorem notifies us a particular arbitrarily inconstant X (t) is
roughly regularly dispersed escorted by arithmetic mean 0 and deviation near to
hand to t. The self-same process, if t and h are stable and ¢ is adequately
compact, then the addition X, (t + h) — X, (t) is more or less regularly with
arithmetic mean 0 and deviation h. As well as consider a certain, if 0 < t; < t, <
-+ < tyy, next the addition X, (t)) — X (t)), Xe (tg) — Xe (t3),--0, Xe (tom) — X¢
(thm-1) are freethinking arbitrarily inconstant. Delineate Brownian motion
escorted by the limit of the arbitrarily amble X (t) as € — 0 in tend. Deal with a
certain X is continual, afterwards X is entirely insistent. The event can exist
authorized exist make manifest, utilize effects of normal distributions, a certain
functions as a consequence engender possess a distribution fulfilling (BM).
Random motion on [0, 1] possess a integral succession rendering

sin kt

1 2 <o
X (1) :\/_Ecot—i_\/;Zk:le X (1

Locus Cy accept freethinking bell-shaped frequency of arithmetic mean 0
and deviation 1.

ey M\“W,ﬂ

-02 - \fmﬂ

04 1

Figurel
Graph of realization of Brownian motion

The diagram of a random motion specimen ramification is shown in Figure
1. Brownian succession analytical identical, inward, the dimensional diffusion
about succession {x(t):0 < t < T} and {x (t) : 0 < t < aT} arise very similar
excluding as long as scale element of a'/2. A basic feature of Brownian motion
is that, with possibility 1, the illustrative functions assure a Holder condition of
exponent y for all 0 <y <1/ 2, in certain, for y forthwith close to 1/ 2 [2,3].

3.1 Recurrent Neural Network

A Recurrent neural network is a likelihood procedure above a limited
coordinate, (Si,...,Sy)normally exclaimed its states. A Hidden Markov Model or
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Recurrent neural network is clearly a network Model the mentioned cases are
concealed. A well-known Figure 2 representation hinge upon the plot in
complication. The time complication T(n) is a ramification of the complication
dimension n. Well-known representation provides asymptotic complexity. The
eigenvalue complication is a ramification f{n) this configure a supremum being
T(n) being huge n. A particular T(n) < f(n) exist narrowly necessary V n = n,
IAn, € N(set of every positive integers). The sequence is typified by a
complexity class using C—notation. Basically C (f) include every ramification

aboutg, varying a consistent C and a integer 71y, in this manner g(n) is not

greater than C. C (f) for all n = n, . That is to say C (f) exist collection of every
function a certain Eigen functions restrict enlarge lively else f, set aside
sustained elements.

Let £ N - R is a function. The collection of segment of the Eigen
functions complications C (f) is elucidate observe

CH={gN->R/AC>0,AngEN,Vn=ny,:g(n) < Cf(n)}

Locus N indicates the positive integers and R indicate the rational
numbers.

At this stage, barely contemplate a continuous recurrent neural network by
presume continuous probability distribution concerning cell possibilities. It
possess a stretch [0,+0) and compactness function

fe(x)= 2e™™ x>0
At this time the unique constructive limit A distinguishes the diffusion.
The diffusion function Fy (x) is established by integration as
Fy(x)=1-e* x>0
The nucleus extension has being manifest by the powerfulness proportion
law. The proportion law receptacle describing by a continuous probability

distribution. That provide with a arrangement of the Eigen function
complication [4].

4. Result

Image | Data | Graphs |

G 1b
Poris = (191,15) (275.155] Distance = 1633

Figure 2
Bacteria

By using the software Pixel size Distance between two bacteria can be
calculated are shown in Table 1. Here is an illustration for finding the distance
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for the above mentioned bacteria (Figure 2). From the points distance can be
calculated by various method like Pixel Profile software, One wave dimensional
equation, Python programming etc. [1].

Pixel Profile: 1-b from (16, 10) to (289, 184)

~Red  Green - Bue

Pixel Profile: 1-b from (51, 17)to (271, 202)

Figure 3
Graph formation by random distance points using Pixel software

From Figure 1, the Pixel profile software the above bacteria image
manifest a wave graph. By the Definition 2 the properties of Brownian motion
(i) satisfies straight forwardly, (ii) all the points are disjoint i.e., all the points are
independently increments, (iii) the points are normal increments i.e., N (0,t), (iv)
it satisfies a continuous sample path. Hence all the properties of Brownian
motion are verified. Therefore this wave fromation (Figure 3) is compared with
Brownian motion as a limit of a random walk. Below in the tabulation points are
calculated at a randomly in order to observe the distance between the bacteria

[6].



1158 S. PAVITHRA AND G. JAYALALITHA

Table 1
Randomly Distance calculated from bacteria image using Pixel Profile software
S.NO POINTS DISTANCE
FROM TO

1 (16,10) (289,184) 323.7

2 (43,30) (276,168) 270.8

3 (109, 39) (180,187) 164.1

4 (15,128) (280,154) 266.3

5 (77,161) (231,18) 210.2

6 (190,14) (282,166) 177.7

7 (133,79) (288,65) 155.6

8 (20,122) (249,24) 249.1

9 (85,169) (292,141) 208.9

11 (16,125) (298,163) 284.5

12 (90,163) (251,20) 2153

For all this distance points graph formation can be created by using the
software. Different point’s different type graph can be formed. In order to find
the displacement point of bacteria one wave dimensional equation is induced.
Hence the general equation can be created by solving the boundary and initial
conditions of dimensional equation. By using illustration four point distributions
all the randomly chosen point satisfies multivariate Gaussian property[7,8].

One Dimensional Wave Equation

Figure 4

Triangular format in wave formation

From Figure 2. A particular parabolic curve is selected in order to compare
with one wave dimensional equation [5].
The equation is
%y _ 5 9%y

at? 0x2
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=y(0,)=0Vt >0
Sy(L)=0Vt >0

> =0VvVo<x<l
at(x‘o)

D (1/2, h)

X

A{0,0) B, 0)

From Figure 4, a graph has be plotted with length 1 =323.7, 1/2 =161.85,
height h = 245, x; = 240, x, = 245, y; = 60, y, = 245 calculated from pixel
software. By using these points displacement of the bacteria is calculated that is
change in position during the transformation occurring in ecology.

Equation of AD
X=X1 _ Y™V
X2—X1 Y2=y1
3;1,0<x<i
y(x,0) =1 5

T(l—X), E<X<l

. _{ 151x,0 < x < 162
Y& R151x(324 — x), 162 < x < 324

Y(x.0) = 2y By sin = = f(x)

For one wave dimensional equation above boundary and initial condition

are solved and checked its displacement point. Therefore the general solution is
2,22

nmx —a“n“m-t
=  u(x,t)=Ynq By sin —e ©
—a2n2g2
_ 604l nux  Z4mCt
T Qa1 =S sm— e I

The above solutlon is compared w1th equation (1) Fourier series
representation in order to say the random one dimensional wave equation
satisfies the Brownian motion. Hence same can be done for different distance
points. For different point the displacement point would vary.

Here x is a displacement D. Therefore

D = Final position — initial position
= change in position
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Here the constant point 1.51 is considered as a displacement time of
bacteria in ecology due to the transformation. Due to the transformation in
ecology at certain displacement time bacteria forms cluster pattern that create a
complexity in ecology. This complexity nature is analyzed by Recurrent Neural
Network. In Table 1, Distance between the bacterial cells is analyzed by the
software so that affected area can be examined in ecology. Each distance points
forms Wave equation which is compared with Brownian motion is given in
Figure 4.

Conclusion

All of the fractals described mathematically share its fractal dimension as
their key characteristics. In ecology due to the temperature changes or external
pressure the bacteria get transformed from one place to another this
transformation i.e., the change in position of bacteria is studied by calculating
the initial and boundary condition in one dimensional wave equation. By using
pixel software random points are selected in Bacterial image a graph is emerged
in wave formation which satisfies all the property of Brownian motion. The
exponential distribution possesses foremost effects in relation along with
continual arbitrary integers of the bacterium. By using one dimensional wave
equation displacement time of bacteria is estimated. Since the bacteria growth is
in exponential distribution (ie., 2*).The movement of Bacteria satisfies Brownian
motion. Brownian motion can help bacteria explore their surroundings,
increasing the likelihood of encountering and absorbing nutrients essential for
their growth and survival. Brownian motion in bacteria is essential for various
fields, including microbiology, biophysics, and biotechnology. The
displacement time implies the growth is minimum does not make changes but if
the growth is beyond limitation cause disadvantages like decompose of food,
imparting a foul smell in ecology.
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