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ABSTRACT

In this paper a mathematical model is proposed and analyzed to study the ill-effect of mobile
phone on teenagers. By analyzing the model we have found that if inter-specific interference
co-efficient of negative influence of mobile phone on teenager and specific growth rate/
production rate co-efficient of mobile phones are not controlled, equilibrium is not exist. Also
if Alsoif specific growth rate of manufacturing mobile phone due to the increased use by
teenagers, inter-specific interference co-efficient of negative influence of mobile phone on
teenagersis too high then it leads to instability. So we along with the government should
take proper steps to control the manufacturing rate which gives profit to the company
but loss to our society by effecting our future generation and so to the development of
our country.
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Stability.

INTRODUCTION

Mathematical models in ecology discuss about
the dynamical behavior of the ecological or en-
vironmental system. Biodiversity is the combi-
nation of species, genetic and ecological diver-
sity (World Conservation Monitoring Centre
(1992)) . Environment is the sum total of all the
conditions as well as influence that effect the
development and life of the organisms- lowest
to the highest including human beings. Along
with the diversity, stability and complexity
which affect the development of a society were
discussed by many researchers (Deka, 2015,
Deka, 2015, Dubey et al.,1999).
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Mobile Phones- the main means
through which people gets a platform to various
elements of the outside world. These days it has
become a necessity in our day to day lives with-
out which daily activities turns lame. We cannot
deny the fact that it is useful at times but the
negative effects have outdone the positive ones.
It has become a serious issue causing many neg-
ative effects not only on the children but also on
the elderly people. One such is the higher use of
social media. It gives rise to cyber bullying- an
organization “Enough is enough” conducted a
survey that found that due to use of cell phones
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cyber bullying has increased, 95% of teenagers
who use social media have witnessed cyber bul-
lying and 33% have been victims themselves.
Easy use of social media due to increased use of
mobile phones made users unhappier than who
used these sites lesser. (Sources: University of
Michigan). Mobile phones also have reduced
learning and research capabilities; it has become
a mere wastage of time for most teenagers.
There is lesser motivation in the teenagers and
the academic grades too are decreasing for
them. So here we have tried to form a model

MATHEMATICAL MODEL

through which we shall try to depict the ill ef-
fects of mobile phones on the teenagers.We are
conducting a survey by asking few questions
(see Annexure) about the use of mobile phone
to the students of different departments of Dar-
rang College and find out some information re-
garding the use and effect of mobile phone on
them. Teenagers who are the future of our soci-
ety are badly affected by the Smart phones
largely available nowadays.

We consider an ecosystem to model the ill-effect of mobile phone on teenagers. We assume that
the dynamics of the system can be governed by the following differential equations:

d
d_tT= T[(an— am%) —apM]

M
. [(a21 — appM) + ay3T]
T(0) > 0, M(0) > 0.

Where
T = Density of teenagers.
M =Density of mobile phones.
K = Carrying capacity of teenagers.
aj; = Specific growth rate of teenagers.

ajp = Intra-specific interference co-efficient of teenagers.
ajp=Inter-specific interference co-efficient of negative influence of mobile phone on

teenagers.

ay1 = Specific growth rate/production rate co-efficient of mobile phones.
ay; = Intra-specific interference co-efficient of mobile phone.
ax=Specific growth rate of manufacturing mobile phone due to the increased use by

teenagers.

a;>0;i=12%j=0,1,23.
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Existence of equlibria
Putting Z—f =0 (z=T, M) andsolving the equations for T and M we get the following non-
negative equilibria, namely-Eq(0, 0), E; (T, 0), E, (0, 17), E¥ (T*, M2,

1. The equilibrium E; (0, 0) is obviously exist.
2.The equilibrium E; (T, 0) is exist as for ~ T#0, (aj; - aw%) =0=>T= %; K> 0;
3.The equilibrium E; (0, M ) is also obviously exist as for M0, (a2 — anM )= 0=>M =:—Z> 0;

4. Existence of the equilibrium E* (T*, M¥):
Since T*, M* # (),

~(an— a“’%) -apM* =0 and ay) - apM* +a;T* =0
D%T* +apM*-a;=0.......... (2.1) =anT*-apM* +a5 =0........ (2.2)

Solving the equations (2.1), (2.2); we get

T#* (agpag;-azasy) M* (3-21;10 g azgan) 0 ( bvi )
— =————57310. =———7 77— U (0bvious).
(aggayy + 2Ly (azsayy + 2710
But T* 15 pOSItIVE, If 811227821812 «+vvvrrerrvreesrineressrenreesnissessnneesssrneseesssnneesanns (2.3)

Also, we have

:—;=-a12<0, :—;2323>0

Hence two isoclines intersect at a unique point E*.

E* exists only if the condition (2.3) is maintained. Thus if ajp-inter-specific interference co-
efficient of negative influence of mobile phone on teenager and aj; - specific growth
rate/production rate co-efficient of mobile phones are not controlled, equilibrium of E' is not

exist.

3 NeJCR, Vol. 5 No. 1, pp.1-10, 2018



Deka et al.

MATERIALS AND METHODS

Stability analysis of the equilibria

The local stability of the equilibria can be studied by computing variational
matrices corresponding to each equilibria by using Gershgorion’s Theorem and Routh—Hurwitz
criteria (La Salle and La Salle J. and Lefschetz S., 1961. Freedman, 1978, Rao, 1981).

RESULTS AND DISCUSSION

Variational matrices:

- M)=[a“ - 2287 - a;,M —agT
¢ 323M agq = 2322M + 323T
1% I P

K
823M* —azzM*

J¥(T*, M*) =

Characteristic equation:

ajr - Z'GKI—OT— ale-—l '—alzT

323M azq — ZazzM + 323T— Y

|J-AL|=

i
o

1. Characteristic equation at E; (0, 0),

From these matrices we note the following results.

a;r — A 0

= 0
0 az; — A

= (a1 — M@z — A =0
SA =an>0, Ax=az>0

Equilibrium Eg (0, 0) is unstable by Gershgorion’s Theorem

ii. Characteristic equation at E, (T, 0)

=L T =X - alzj s
0 az; + azzT — A
Ap = __(;;u T<0,X2 = azy + az3T> 0as T> 0.

E, (T, 0) is a saddle point, so it is unstable.
iii. Characteristic equationat E; (O, ﬁ).

apy — alzlﬁ - A 0
a23l\_4 —azzl\—ll - A
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az_a
=k =ap - 312M< 0, lfM_ 21>'Ll €. ajjaxp<azay, buta||agg>a2|a|2by (2.3)

Also Ay =-apM<0 as ﬁ—““> 0 .So Ex(0, M) is stable ifM>=L holds, and is a
ayz
saddle point if (2.3) holds.

iv. Characteristic equation at E’ (T‘. M*)

a10 s *
S . |
|| = K alf -0
823M —azzM —A

=(- 'aKl—OT' — M)(—azM" — A) +apagT'M =0
:>k2 T+ (%T‘ + 322M”l ))\. + (0%0822 -+ 312323)T*M* =0

A =(%°T* + a;pM™>0ifT* >0,

Rg= (‘% ayy +a12a23)T*M*> 0, (by Routh-Hurwitz Criteria)
Both the conditions are satisfied if T™> 0, that is, if the condition (2.3) is satisfied.

Global stability:

In order to investigate the global stability behavior of the interior equilibrium E*,
we first establish the following lemma which establishes a region of attraction for the
system (1),

LEMMA: The set Q={ (T, M): 0 <T <T,,; 0 <M < M,,} attracts all the solutions initially
in the positiveorthant.

Where,
a K ajgazitajjazz kK
y 11 M, = 10az21 tajazs
aip ajpazz

THEOREM: If the following in equality holds, the equilibrium E* is globally asymptotically
stable with respect to all solutions initially is the positive orthant. (For proof see Appendix)

aipda;
4a|2a23< 1OK 22

Then the system is globally asymptotically stable.
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Survey report:

ACADEMICS 52

ENTERTAINMENT 68

TOTAL STUDENTS 120

80

m Series]

- _ |/

ACADEMICS ENTERTAINMENT

Figure 1. Reflects entertainment is the major priority.
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Figure 2. Use mobile phone at average 10 hours a day. Some students
use it maximum of 15 hours per day.
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NO OF STUDENTS ADDICTED 59
NO OF STUDENTS NOT ADDICTED 33
SUM 92

70
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50 ——
40 —
30 ——
20 —
10 ——
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NO OF STUDENTS  NOOF STUDENTS
ADDICTED NOTADDICTED

Figure 3. More number of students are addicted.

By analyzing the model we have found that if aj;-inter-specific interference co-efficient of
negative influence of mobile phone on teenager and a,;- specific growth rate/production rate co-
efficient of mobile phones are not controlled, equilibrium of E* is not exist. Also if aj;3-specific
growth rate of manufacturing mobile phone due to the increased use by teenagers, aj;-Inter-
specific interference co-efficient of negative influence of mobile phone on teenagersis too high
then it leads to instability. So we along with the government should take proper steps to control
the manufacturing rate which gives profit to the company but loss to our society by effecting our
future generation and so to the development of our country.

APPENDIX

Proof of the Lemma: We have

dT
—=T[(ay- 5*T) -ap;M]

dT <df

dT ag
S (3 S0) o T
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= i a
(e e ar <
a

K__aye 4@ -73T)

<dt
ato Kair (an -=2T)

1
=>—IlogT —
an Og

1 a10
ey [logT —log(ag - TT)] <dt

T
—_—<
:logan -“K!QT = audt

T
=—T < gont
a1 -“—}}T
a
=>T< (ayg - - T)e®*

ﬁT(l + e“”t) < a11eal]t

a g“llt aq1edl11t
=>T —<- :‘ll() t = ll—a“t a
1+Te“11 ea11t(e +—’%9-)
ay
o < —21__
TS e
a a1 K
Therefore, when t— o, T < ot = a“ P
10

=lim,,,, Sup T(t) =T,

Also

o = Mlaz —apM +a)T]| <M [(021 + a3 = K) p= azzM]

dM auaggK) a;pM
S (g 4 20Ky [y et
= a; + P, M|1— TIIE

dm

ajgazzK
:-—_ .
M (1—azgM/P) = (a21 +

audzs") dt = Pdt , where P= ay, +
aio

ao

1 azz /P
:3(-E+ m) dM < Pdt
=>log M — logil — “2%) < Pt

M
=>10gm <Pt
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< ePt
l—azz M/P

=>M < (1 —#)ept

1
SM<S —r o
2

P ajpaz+agazsk
Therefore, when t— o, M< M, = — =027 117237

az2 aypazz

Proof of the Theorem: Let us consider the following positive definite Liaponuvfunction
aroundE™

T M
V(T,M) = [T =P = T’lnF] +€ [M ~ M= M

=V(T,M) = [%{-_0 __T_:..l_‘”] 4 C[gﬁ__ M* 1 dM]

T Tedt dt T M dr
T M

_[1 T‘]dT+ [1 M*1dM
- Tldr " ¢ M dt

. 1 * C *
SV(T,M) =2 [T =TI [ay — 227 — a;, M| + < [M — M"IM[az; — azM + az3T]

=T =T (@ — 22T — a1pM — a3 + 227" + a;M*) + C(M — M) (az1 — azM +

aT — az +az3M* —apT’)
=T =T {~22(T = T") — aya (M — M")} + C(M — M*)}{~az (M — M*) + az3(T — T}
= (T-T)*~ay, (T = T)(M — M") —Cazp (MM Y+Cays(M — M) (T —T*)
== ST = T)+(azsC = a)(T = )M — M*) = Ca(M- M)’
= A (T-TY +Ap(T —THM - M) - A M-M)’.
Where Ai==2, Apz=(as3C — a), An=Cay,
Let us choose C = :%

ajpazz

Then V is a negative definite ifA|22< AnAn, i.e., if 4apa3<

Then the system is globally asymptotically stable.
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