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Addition of a constant electrical

Abstract Mathematical Behavior Behavior in Reality
current
Neurons are cells in the body that transmit information to the ' : :

g - _ - _ The C,OnStramts of reality drgstlcqlly change the The model can be adjusted to account for a constant input of
brain and the body by amplifying an incoming stimulus (electrical (- 3240 (1+a)x-a) -1 N 1 behavior of the system. Reality dlC'FateS that our positive ions instead of a single pulse. This alters the location
charge input) and tranmitting it to neighboring neurons, then values do not allow for the existence of 3 of the single equilibrium point, pushing it into the first
turning off to be ready for the next stimulus. These cells also have J(X»Y) - J(O»O) B ethbrlum points but of 0n1.y. 1 equilibrium point. quadrant.
fast and slow mechanisms to open i1on channels in response to - b -be ) £ 'bC_ The. .equatlon. .the.lt WaS. utilized to find the 2
electrical charees additional equilibrium points When the system is affected by a constant electrical current,

= S | o | | c<4/(1-a)? hereby referred to as J, as opposed to the singular pulse, the

Neurons use changes of sodium and potassium ions across the cell ﬁrtlet;;lli ept(l)lléltsyl;ltetrlllleo;ngfi?;;iittli(;?,e ;:;Z tili)srfjsg) a;gzlglne ]I;?E;;Ciii (t)(; which indicates that the two additional roots found b}f'haViO; of th§ s;lflstem chggges dfmaticalt{y.llln ordelt: to mode}

membrane to amplify and transmit information. Voltage-gated . . . in the oricinal aporoach to the model do no exist in this mathematically, we add J to the rate of change of potentia
the equilibrium can be mvestigated. the original approach to the model do no exist resulting in the following nonlinear system:

channels exist for each kind of ion, which open and close in reality.
. . . —a — bc +/(a + bc)% — 4(abc + b) d
response to voltage difference, and are closed 1n a resting neuron. 7\~1 " > V " (v a) (V 1) W + J
If the electrical excitation reaches a sufficiently high level, called . o _ Conditions for blue curve: dt _
. . , o For point (0,0), both A, and A | are less than 0, indicating a sink, and a=0.3. b=1. c=0.01. and v.=1
an action potential, the neuron fires and transmits the excitations ‘s asvmptoticallv stable > ’ ’
. ymp Y ' Conditions for green curve: dw
o other neurons.
. L o a=0.3, b=1, ¢c=0.01, and v.=1.5 — &V —
In this work we will model neuron action by the following Fogdliomt '(lt.I, 0.35) the A values have opposite signs, indicating a dt ( §W)
saddle point. ]
nonlinear system of differential equations: 147 / R Eq(Z)
For point (4.9, 1.6) both A, and A , are less than 0, indicating a 3 »‘:. ¥ 7 \ :E Conditions for curve:
dv sink, and 1s asymptotically stable. 1.2- *f. Lot % - 0 OHS 10T LI VE.
- 1 1 M £ a ’\ % a=0.3, b=1, ¢c=0.01, J=0.5 and v.=1
—=—v(v—a)(v-1)—w | | 1§ AN
dt These are all observed in the phase plane of this system, as shown 1- o, b eas
below. The red indicators represent the atforementioned equilibrium Z y . T ;
dw points. | X ;
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Here v(t) 1s the potential. We let v=a be the potential - R e W | B 3 L b O D) { L j
above which the neuron fires and v=1 the potential at — s Tl N\ s Ve il ek 1 ¥ SRR [ ‘ ‘{ ¥ 8-
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V=X, W=y, &=c and €=b > > > > T 7727/ [N x1 J
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-X(x-a)(x-1)-y= I G B , - Using the same 1nitial potential two radically different curves j
_ _ e > = : i \ < are produced. These two cures follow the same behavior as ]
X-CV)= —x | . . PR ITI T B E R E R E KR
b(x-cy)=0 mm—p y=x/c =TS : A//E N LR each other as opposed to their counterparts in the other model. B SRR TS ] TR TRRTR
X(CX2-(1 +a)cx+ac+1)=0 | i ’ P i NS s This holds true for all initial potentials.
> > D kT AP ] Pg it B Conditions for curve:
x=0 y=0 1s an equilibrium point i N o ! Pl I, B s Same initial conditions as before except vo= .4 and vo=>5 a=0.3, b=1, ¢=0.01, J=2 and vo=1
To ensure that other equilibrium points exist, the il A R
L 1 bo . =3 s ol ol o H FIE PR K%
discriminant of the remaining quadratic function must Y A ‘ R 114 RN o
be >0 or =0 R 0 2 4 6 : ol S
D= (1+a)202—4(ac+1)cz (1 F2a 32)02-4302-4{3 -0.33218. 7.8704 X . :Ii v
D=(c-ac)?-4c mmm— (c-ac)*-4c =0 s
c=4/(1-a)> It can be observed that depending on the initial condition the 12
behavior of the curve will change. By investigating the found
If ¢ > 4/(1-a)* then two real roots exist equilibrium points it can be seen that (0,0) and (4.9,1.6) are 17
Ifc<4 /(1-a)2 then two complex roots exist functioning as sinks. Curves are flowing into them. (1.1, 0.35) 1s 1
) . . functioning as a saddle point. It i1s redirecting curves away from x20.8- \
If c=4/(1-a)” then only one root exists, and 1s repeating itself. 1\
What happens 1f a=5, b=4, and ¢=37? w; \
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Using the quadratic equation and y=x/c to find the o4l
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other two equilibrium points. ]
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