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MATHEMATICAL MODELS FOR THERAPEUTIC APPROACHES INVOLVING
ELECTRIC CONDUCTORS OR SHIELDING

TATYANA BARRON

ABSTRACT. We set up a mathematical model for a DC current in a human tissue that shows an
attenuation effect in an extended circuit. We give a positive lower bound on the time duration over
which this is guaranteed to happen in terms of the parameters of the model. We also discuss shielding
and coupling in the context of electrical aspects of biological processes.

1. INTRODUCTION

Transmission of electrical signals plays an important part in biological processes. It is a basis for
many diagnostic, therapeutic, and biomedical applications, including, to give some specific examples,
ECG [11] or pulsed radio frequency energy therapy [18], [20], [29], [32].

The mathematical methods of neuroscience often address the propagation of signals in networks of
neurons in humans and related aspects of data analysis. From a somewhat different perspective, one
can consider, abstractly, parallels between a human body and computer hardware. This is the point
of view echoed in the ideas around the First draft [34], [1]. Certainly, humans are more complex than
computational systems [22]. There are chemical aspects of signal propagation (e.g. binding of neuro-
transmitters to receptors). The mechanism of propagation of electical signals through neurons is not the
same as that of an electrical current in a conductor wire, even though it is modeled, mathematically,
by an electrical circuit [12]. One can view propagation of electrical signals in nerves as pulsed DC
current. More generally, there are endogenic DC currents and electric fields everywhere in the body
[11], [19]. Nerves, specifically, can be modeled as electrical cable ([19] section 5.4). It is customary to
represent these processes by electrical circuits: such as Fig. 1 in [12] or Fig. 5.15 in [19], see also Fig.
9.6 and discussion in section 9.2.4.1 [19], or, as another example, Fig. 8 in [28]. The endogenic electric
currents induce magnetic fields (section 7.12.8.3 of [19], also [4], [7], [37]). In turn, magnetic fields
affect biological processes. Experimental evidence, mechanisms, and therapeutic uses are discussed, in
particular, in [8], [9], [17], [23], [25], [26], [33], [35], [38], [39]. Electromagnetic induction plays a role.
This is aligned with the fact well known in chemistry, that the magnetic fields can influence rates and
yields of chemical reactions [27], [31], and, from a broader perspective, with the general understanding
that the processes in human body, including those in the nervous system, are not a closed system and
the models should include the environment (see e.g. the discussion in Chapter 14 [30]).

In this paper, we consider the question of pain reduction in humans through the lens of propagation
of electric signals in nerves. This is only a model or an approximation. We leave any medical conclusions
to the clinical experts. Our Theorems 2.1, 2.2 show that extending the circuit (Section 2) reduces the
electric current in the nerve. Part (b) in each of these theorems gives a time interval [0,7") with a
positive lower bound on T, over which this is guaranteed to happen. This T is not the best possible

Received by the editors 8 April 2025; accepted 22 July 2025; published online 3 August 2025.
2020 Mathematics Subject Classification. 92-10, 92C50.
Key words and phrases. Ordinary differential equations, signal propagation, neurons, biomedical circuits.


https://ojs.lib.uwo.ca/mase
https://dx.doi.org/https://doi.org/10.5206/mase/22843

9 T. BARRON

FIGURE 1. A standard Ag/AgCl electrode and an electrode wire.

bound. In Sections 3, 4 we discuss, in this context, shielding and coupling which are, in the standard
signal transmission, " passive cancel” techniques for reducing interference.

2. EXTENDING THE CIRCUIT

We suggest that placing two or more Ag/AgCl pick up electrodes (Fig. 1) connected with each other
by an electrode wire, at the pain site (e.g. in case of a minor headache that seems to originate close to
the surface of the skin) would have a therapeutic effect. There is a biopotential difference between two
contact sites ([19] Chapter 7). See also the discussion in [10].

Below, we set up a mathematical model and conclude (Theorems 2.1, 2.2) that placing the electrodes
attenuates the electrical signal.

2.1. Mathematical model. Instead of the circuit in Fig. 1 of [12], to model the set up, we will
consider the simplest RC circuit, pictured in Figure 2, with a direct current voltage source V, a resistor
R and a capacitor C'. We represent adding two reference electrodes with a wire between them by adding
an R| |C circuit: Figure 3.

%

T ]

FIGURE 2. Circuit 1: human tissue, no electrodes

We apply the Kirchhoff laws. For Circuit 1, it is well known that for small values of time ¢ > 0 the
capacitor charge

q(t) = VC(1 — e~ we?)

and the current is
d \%4
ﬁ - I(t) - Re_ Rlct. (21)
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FIGURE 3. Circuit 2: human tissue and two attached reference electrodes connected
with a wire.

For circuit 2, we obtain a system of equations:

V-IR-LR —%=0
V-IR-%& -4=0
d
L+ =%

dt
I dqe
2T
I=1I+1

with initial conditions ¢(0) = 0 and ¢.(0) = 0. Here C, and R, are the capacitance and resistance
of the electrodes/multi-wire system, respectively, and ¢ is the charge on the second capacitor (added

in circuit 2). Note: I1R. = ‘Cl—i From the equations, we get the second order ODE with constant
coefficients
P | 1 1 1
qe+qe(7ReCe+E+Rce)+qeRCRece =0. (2.2)
This equation, with the initial conditions above, has the solution
v eMt — e’\zt) (2.3)

qe(t) = m(

where the two distinct negative solutions of the equation

1 1 1 1
XA A o+ — =0
* (RSCE+RC+R06>+RCRSCE
are
U (AR T U U WY VNS W SR S SRR
T R.C. ' RC ' RC, R.C. ' RC ' RC, RCR.C, |’
N Lo, 1 1+1+12 4
72 R.C. ' RC ' RC, R.C. " RC ' RC, RCR.C,
From (2.3)
1% 1
I(t) = I(t) + Io(t) = ME ety 4 (\eMt — M\pe?h)). 2.4
() =10+ 1) = g5 (g (0 — €0 + (e = xee) (2.4)
Observe: ) )
/\2</\1<0;/\1—)\2>0; ———>——>0.

A1 A2



4 T. BARRON

At ¢t =0, the currents (2.1) and (2.4) have the same value ¥.

Theorem 2.1. Assume all notations are as above.
(a) There is T > 0 such that for all t € (0,T) the current (2.1) is strictly larger than the current

(2.4).

(b) The statement (a) holds, in particular, for T = T, where

2 1
T = min ;s RC;—— » > 0.
{ %(% + Cie)2 + Relce )\2 }

Proof. The function

V 4 %4 1
t) = —e ROt — At gAat Mt xget2t)); t >
=g R(M—)\z)(ReCe(e )+ (et = hae™)): 120
is C*>, f(0) =0, and
VvV
/ —
IO =g, =0

By continuity of f/(¢) it follows that f/(¢) > 0 in the interval (0,7) for some T, meaning that f is
increasing in this interval, and since f(0) = 0, it follows that f(¢) > 0 in (0,7"). This proves (a).

Now we will prove (b). Consider the Taylor series at ¢ = 0 for y = %e*%t.

It converges for all
t. For each t in the interval (0, RC), it is an alternating series of the form Y (—1)¥by, where b, > 0

k=0
for each k and the sequence (by) is decreasing. Denote by P;(t) and Py(t) the degree 1 and 2 Taylor
polynomials of this series:

Pl(t)ZV(1—1t>; Pz(t):V<l—1t+1 1 t2>.

R RC R RC  2(RC)?
Consider the Taylor series at ¢t = 0 for
\% 1
Y= ROn — ) (R c (eMf — ety + (ApeMt — /\2(3)\27:)). (2.5)

(o]
This Taylor series, for each ¢ in the interval (0, —%2), is an alternating series of the form Y (—1)*by,

k=0
where b, > 0 for each k and the sequence (by) is decreasing. Denote by Q1(t) and Q2(t) the degree 1
and 2 Taylor polynomials of this series:

Vv 1
Qi(t) = & l:ReCet +14+ N+ )\Z)t]
Vv 1 1 9 1,5 N
Q2(t):§ Wtﬂ-m()q-i-)a)t +1+()\1+)\2)t+§()\1+)\1>\2+)\2)t .

We conclude: for each ¢ in the interval [0, min{f)\%; RCY)

Pi(1) < Yot < Po(1)
and
Q1(t) < r [ 1 (M — M) 4+ (et — )‘26A2t)} < Qa(t).
- R()q — )\2) R.C, -
Hence

. 1
Pi(t) = Qa(t) < f(t) < Po(t) — Qu(t), 0<t < mln{—/\fQ;RC}
The quadratic polynomial

v 1 74 1 1 5 1, 9o
Pi(t) Qz(t)_R<1 RCt) R[Recet+2ReOe()\1+)\2)t +1+(/\1+)\2)t+2(>\1+)\1)\2+>\2)t
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FIGURE 4. The currents and linear approximations for the Example. The blue curve
is y = e~ *. The red curve is the graph of (2.6). The lines are the graphs of P (t) = 1—t
and Q1(t) =1 — 2t.

has two nonnegative distinct roots:

t=0;t 2 ! t
= ; = —_— = 1
Ceglc+ o)+ mez

Ql=

/

and takes positive values on the interval (0,¢;) (because Pj(0) —Q5(0) = RQLCS > 0). Therefore f(t) >0
on the interval (0, 7), and the statement (b) follows. O

The positive bound in the part (b) of Theorem 2.1 is not optimal. We illustrate the Theorem with

the example below.

Example. Let us compare the currents for circuit 1 and circuit 2 (equations (2.1) and (2.4)) for
V=1,C=1R=1,C. =1, Re = 1 (we are omitting the units). The current for circuit 1,
given by equation (2.1) is I(t) = e~t. The current for circuit 2, given by equation (2.4) (noting that
M= —1.5+405V5, Ay =—1.5-0.5V5) is

1
1=z ((—0.5 +0.5V5)e(~15+05VE) 4 (5 4 0.5\f5)e<—1-5—0-5ﬁ)t). (2.6)

The linear approximations for these two functions at ¢ = 0 are Pi(t) = 1 — ¢ and Q1(¢) = 1 — 2t,
respectively. The quadratic approximations are Py(t) = 1 — ¢ + 0.5t2 and Qo(t) = 1 — 2t + 2.5¢2.
Referring to Theorem 2.1 and its proof,

1
flt)y=et— 7 ((_0.5 + 0-5\/5)6(*1'5”-5\/5)’5 (0.5 4 0.5\/5)6(—1.5—0.5\/5)1:)

the polynomial
Pi(t) — Qo(t) =t — 2.5t2

has roots 0 and 0.4. See Fig. 4, 5, 6. The interval provided in Theorem 2.1 (b) is (0,7) where
2 2 2(3 —
T_min{0.4;1; } B-v5) _ 1.5 —0.5V/5.

3+v5) 3+v6  9-5
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FI1GURE 5. The currents and quadratic approximations for the Example. The blue
curves are the graphs of y = e¢~* and its degree 2 Taylor polynomial P,. The red curves
are the graphs of (2.6) and its degree 2 Taylor polynomial Q.

abs

FIGURE 6. The green curve is the graph of y = f(¢). The black curve is the graph of
y=Pi(t)—Qa(t) = (1 —t) — (1 — 2t + 2.5¢%).

2.2. Further analysis. Let us extend the mathematical model in section 2.1 to k+1 electrodes, where
k is a positive integer, and examine our argument to see how generalizing from k = 1 to an arbitrary
k > 1 affects the conclusion.
We will model the electrodes and wires by k R||C blocks connected in series, and we will slightly
change notation for the electrical currents. We generalize the circuit in Fig. 3 to the circuit in Fig. 7.
We obtain the following equations.

V—IR— (L +..+ ;)R — & =0
IiRe:%i; ZE{I,,k‘}
d

IZ—i—IZ:I:d—z; ie {1, .k}
¥ dg;
1177; 13 ak

g0 Pt }
q(0)=0
qi(O):O, ie{l, ,k}
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FIGURE 7. General case: k + 1 electrodes (in this diagram, k = 3).

Here V, I, R, C¢, R., q are as above in section 2.1. The currents I;, I; are as shown in Fig. 7, and the
charge ¢; is on the capacitor in the ¢-th component.
From the equations, we get:
1 dqy 1 dgs

m‘h-F o RSCEQ2+E; q1(0) = ¢2(0) = 0.

Solving for g2 — q1, we conclude: ¢;(t) = qo(t), t > 0. Similarly ¢;(¢) = ¢q1(t) for every i. The first
equation becomes

k q
V—-IR— —q —==0.
c."" ¢
Differentiating this equation, we arrive at the following ODE (compare to (2.2) in Sec. 2.1):
1 1 k 1
11 /
_ =0.
w+a(gze T me T re) P ReRG,
This equation, with the initial conditions above, has the solution
14 Mt _ Aot
t) = it _ 2 2.7
ql( ) R()\l — )\2) (6 € ) ( )
where the two distinct negative solutions of the equation
1 1 k 1
NA Mo+ 55+ )+ 0

R.C. " RC " RC.’ T RCR.C. ~
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are
N . 1 kY L1k 24
) R.C. " RC ' RC, R.C.  RC ' RC, RCR.C. |’
1 1 1 k 1 1 E\? 4
A= |- A toat -
2 R.C. ' RC ' RC. R.C. RC RC, RCR.C,
From (2.7)
1 dq, 14 1 Mt Aot Art Aot
I(t) = )+ — = it _ g Arett — N\petety ). 2.
()= paa®+, R(Al—/\z)(ReCe(e ) + (MM = dpe)) (2.8)
Observe: . )
Ao <A1 <05 A — Ao >0 )\1>_)\72>0
%4

At t = 0, the currents (2.1) and (2.8) have the same value %.

Theorem 2.2. Assume all notations are as above.
(a) There is T > 0 such that for all t € (0,T) the current (2.1) is strictly larger than the current

(2.8).

(b) The statement (a) holds, in particular, for T = T, where

2k 1
T—min{ — 3 - ;RC’;—)\}>O.
(64—079) +Rece 2

Proof. The function
|4 1 1% 1
t)= —e mo' —
0= 5"~ &n —Ag)(ReCe

is C*, f(0) =0, and

(eMt — ety 4 (At — /\26>‘2t)); t>0

v
f/(O) = kRTCYE > O

By continuity of f’(t) it follows that f’(¢) > 0 in the interval (0,7T) for some T, meaning that f is
increasing in this interval, and since f(0) = 0, it follows that f(¢) > 0 in (0,T"). This proves (a).
The proof of (b) is similar to the proof of Theorem 2.1 (b):

Pi(t) < % —rot < Py(t)

for all ¢ in the interval (0, RC'), where

Pi(t) = % (1 - Rlct> : Py(t) = % (1 %H 1(Ré)2t2> .

Furthermore,

Qi(t) < R(Alv X2) (Rlo (M =) + (e’ = AZBM)) < @2(1)

for each t in the interval (0, —%2)7 where

Q1(t) = % {R:Ce (M + )\Q)t]

Vv 1 1
Qz(t)=§ [RCt+2R . (A F X2+ 1+ (A + Xo)t+ = (A2+A1A2+A )t ]
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Then, we conclude: for each ¢ in the interval [0, min{f%; RCY)

Pi(t) — Qa2(t) < f(t) < Po(t) — Qu(t).
The quadratic polynomial

1% 1 VI 1 1 1
Py (t)—Qa(t) = = (1 - RCt) ~& [Recet + M(Al + A)t? + 1+ (A + A2)t + 5(/\% + A + A3)t?

has two nonnegative distinct roots:
2k 1

t=0; t=— =: 19
k k
Ce (e + &)+ re

and takes positive values on the interval (0,) (because P/(0) — Q4(0) = k=%~ > 0). Therefore
1 2 R2C.

f(t) > 0 on the interval (0,7), and the statement (b) follows. O
2.3. Remarks.
2.3.1. The fact that v

7'(0) = kg

in the proof of Theorem 2.2 (generalizing f'(0) = % in the proof of Theorem 2.1, when k = 1), is
significant. It can be interpreted as follows: a larger number of electrodes gives a stronger attenuating
effect for the current.

2.3.2. The number 7 in Theorem 2.1 (b), Theorem 2.2 (b) is obtained rigorously and it is explicit. It
is an algebraic expression in the system parameters that is easy to calculate. This expression involves
only elementary algebraic functions: rational functions and the square root function. We chose this
approach having in mind a possibility of practical applications.

To refine the discussion, one may ask about the smallest real number £ > 0 such that f(£) = 0, either
in section 2.1 or in section 2.2 (the exact value of &, not a lower bound for £). We are not going to pursue
this direction in this paper, but here we will offer a brief comment. It is a reasonable and mathematically
interesting question. It translates to solving an equation of the form aqePrt + aqefrt + qzefst = ( for
real ¢ under appropriate assumptions. One can prove an existence statement using the Inverse Function
Theorem. This gives a suitably defined inverse function. In specific cases people refer to the Lambert
function or its generalizations (e.g. the Lambert-Tsallis function). To give an easy example, the inverse
function to y(x) = ze®, x € [0, 00), is the Lambert function (restricted to [0, 00)). We acknowledge the
work [24] where the values of Lambert-Tsallis function occur in the studies of the electrical circuits that
lead to a linear combination of two exponential functions.

3. SHIELDING

It has been suggested that shielding with Faraday fabric reduces or eliminates rheumatic pain [6].
There is published clinical data on the effectiveness of this approach for muscle soreness [6],[40]. Dis-
cussion in [6] suggests possible reasons for this effect, specifically for joint pain.

Consider a electric circuit that models the electrical activity in the joint, nerves, and surrounding
tissue. The inflamed tissue has higher conductance than normal tissue ([13] Fig. 7). The inflamed
tissue has higher capacitance too, compared to normal tissue ([16] Fig. 5). We leave it to the clinicians
to decide what it means for a tender joint versus a healthy joint in terms of an expected response to
the external electric fields.

Let us model shielding the joint with Faraday fabric by shielding the electric circuit with a hollow
cylindrical conductor from an electromagnetic wave (a time-harmonic plane wave). To analyize this,
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we can use the results presented in section 4.3 of [5]. See also [36]. Consider the electric shielding

coefficient

E
20log ||E(s)||7

where Eg is the vector of the electric field on the axis of the cylinder in the absence of the shield and Eg
is the vector of the electric field on the axis of the cylinder in the presence of the shield. The magnetic
shielding coefficient is defined similarly. From the conclusions in sec. 3 of [36], sec. 4.3 of [5], it follows
that an appropriate choice of parameters results in significant attenuation of the fields.

4. CIRCULAR CONDUCTOR WIRE

In this section, we consider a mathematical model for one loop or several loops of insulated copper
wire (e.g. HDMI cable) placed on a person’s head. Proposition 4.1 may be interpreted to consider this
a way to relieve a certain type of minor head pain.

We will model the human head by a ball of radius a > 0 in the 3-dimensional space:

H={(z,y,2) € R3| 22 + > + 2* < d®}.
Model a nerve by a conductor wire positioned on the big circle in the xy-plane
N ={(z,y,2) € R}| 2* + 4> + 22 = a?; 2 =0}

(see Fig. 8-(a)).

I z-axis T z-axis W

(a) (b) (c)

FIGURE 8. (a) A nerve is represented by the circle N in the horizontal coordinate
plane; (b) he circular copper wire W is placed above N; (¢) Two loops: W, N.

Now, place a circular (insulated) copper conductor wire at a small distance above N:

W = {(z,y,2) € R} 2? +y* + 22 = d?; 2z =3}

where § > 0 is sufficiently small (see Fig. 8-b).
If the electric current in the loop N, without loss of generality, is counterclockwise in the zy-plane
(see Fig. 8-(c)), and increasing, then by the Lenz law the induced current in the loop W is in the
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L
T oy
Ly

FiGurE 9. Circuit for one loop case

11

opposite direction. The mutual inductance of two loops in this configuration is, by the formula (4.57)

(sec. 4.4.1 [21])

2T
W cos ¢
M:—a\/a2f§2/ d
2v/2 ) (a2 — av/a? — 62 cos ¢)1/2 ¢

where p is the permeability of medium. Let € be the appropriate potential. We will allow it to be

time-dependent: & = £(t) a smooth function of ¢ on some interval [0, 7).

Let Ly be the self-inductance of N and let Lo be self-inductance of W. Let Ry, R be the resistances.
Before the cord is placed on the head, the electric circuit that represents N only is in Fig. 9. For this

circuit, the differential equation and the initial condition are

e—LiY% —IR =0
1(0)=0

Without solving the initial value problem for I(¢), we immediately observe:

£(0)

r'o)="7"

We also observe that the solution of the initial value problem, for ¢t > 0, is

1 _m, [t &

I(t) = —e =it | e(u)er"du.
Ly 0
In particular, if € is constant, then
R
1) = (1= )
I Ry I e

L, Lo
(a) (b)

FIGURE 10. Circuits for the two loop case: (a) circuit for the N loop; (b) circuit for
the W loop.

(4.1)
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For the two loops (N and W, represented by Figs. 10-(a) and 10-(b) ), the coupled system of
equations is

dI dI
g = R1I1 + Llc?}fl MC?;
0=Rol + Ly—2 — M—1
olo + Lo— ar i
I;(0)=0
I,(0) =0
Assume L1 >0, Ly >0, M < +/L1Ls, Ry >0, Ry > 0. We conclude:
£(0)Lo / e(0)M
17 (0 _— 0) = —F"——
1() LLQ*MQy () L1L27M27
and for t >0
M e [* by ot [* by
I(t) = Aet MYy — Age™? g 4.3
2(t) Tl = 000 — %) [ 1€ /0 e(u)e u— Age /0 e(u)e u} (4.3)
(in particular, if € is constant, then
M
I(t) = : (M=)

(L1Ly — M2)(A\1 — X2)
where A1 and A5 are the two distinct negative solutions of the equation

(L1Ly — M*)X* + XN(RyLy + R1Ls) + RiRy = 0,

that are
- —(RaL1 + R1Lo) + \/(RaLi + R1L2)? — 4R1Ro(L1 Ly — M?2)
b 2(L1 Ly — M?)
\ — —(RaLy + R1Ly) — \/(RaLy + RiL2)? — 4R Ry (L1 Ly — M?)
2 2(LyLy — M?) '
The current I is now expressed as
o 3 1 2 dIQ
0= 5 = 3rm (LiRelo + (Lo Lo — M%) 52 — )

with (4.3).

Let n be a positive integer. Let us extend our setup above, to replace W (one loop) by n closely placed
insulated wire loops (a closely spaced coil of n turns: see the multiturn loop discussion in Sec. 4.2, 4.4.1
[21]). For W with n turns, denote the self-inductance, the mutual inductance, and the resistance by L,
M , Rg, respectively. Keep the notations Lo, M, Rs, as above, for the one turn values. For practical
purposes, n will not be too large. If n is small and the wire is thin and tightly wound, then we consider
N and W as two coaxial coils in parallel horizontal planes, such that the distance between them in the
vertical direction is small and the radia are close to each other. As n gets larger, it is more reasonable
to consider the second coil as a solenoid, and this gives us Lg = nlo, M =~ nM, R2 = nRy. We will
now consider the following system of equations:

0=nRsIs + TLLQ*2 —nM—
1,(0)=0
1,(0) = 0

from which we immediately deduce:
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e(0)M
o) = ———— .
2(0) L1Ly — nM?
As in the one turn case above, this system can be solved, to obtain I (¢) explicitly and then we find I
from

e 1 dl ). (4.5)

L) = — — ——(L{RyI. LiLy —nM?)—==
1(t) 7 MRl( 1RoIs 4+ (L1Ly —n )dt

Proposition 4.1. Assume all notations are as above. There is a positive integer ng such that for any
integer n > ng there is a real number T,, > 0 such that I(t) > I1(t) for all t € (0,T,,), where I(t) and
I, (t) are given by (4.2) and (4.5) respectively.

Proof. The function
ft) =1I(t) = Li(t); £=0
is C*°, f(0) =0. From (4.1) and (4.4)

—e(0)nM?
f10)=+—F—705-
L1 LQ —nM
Let ng € N be the smallest integer such that ng > LJQLQ"’. Let n be an integer such that n > ngy. For this

value of n, f'(0) > 0. By continuity of f'(¢) it follows that f’(¢) > 0 in the interval (0,7},) for some
T,., meaning that f is increasing in this interval, and since f(0) = 0, it follows that f(¢) > 0 in (0,7},).
This proves the statement. (Il

Remark 4.1. The fact that I (t) < I(t) on some interval (0,7},) can be interpreted as follows: for small
t > 0, the configuration of the cable winded into n turns decreases the current in the first loop (thus,
weakens the signal). Le. the current in NV when there is a multiturn W nearby, positioned as described
above, is weaker than the current in N when W is not present.

5. CONCLUSIONS AND DISCUSSION

In Section 2, we worked out a mathematical model that suggests: placing two or more standard
reference electrodes on the skin close to location of head pain would have a positive effect on a minor
headache. Theorem 2.1 (b) gives a specific lower bound on the time over which this is guaranteed to
occur, in terms of the parameters of the model. Our conclusion that the effect is positive is based on the
fact that the electric current in the nerve is reduced after the application of the electrodes. Theorem
2.2 extends the conclusion of Theorem 2.1 from two electrodes to several electrodes, and its proof shows
that with a larger number of electrodes the effect is amplified (see the explanation in the section 2.3.1).

In Section 3, we stated that Faraday fabric eliminates pain in an aching joint, due to the shielding
effect. This is consistent with published clinical evidence in medical literature (see the references in
Section 3).

In Section 4, we examine up the mathematical model for the effect of several loops of a conductor
wire on the electrical signal in a nerve, in the context of a minor headache. The model is two coupled
coaxial coils, positioned close to each other in parallel planes. In Proposition 4.1, we conclude that
for small ¢ > 0, adding this second coil (which has an appropriate number of turns), will decrease the
current in the first loop (compared to the case when the first loop is by itself). This conclusion can be
interpreted as a pain relieving effect.

Throughout the paper, we modeled the electrical signals in nerves, including pain signals, by elec-
trical currents in cables. Once we adopt this approach, we should take into consideration the effects
of electromagnetic induction and interference. To rephrase this less formally: propagation of electrical
signals through the neuronal pathways that connect the brain with other parts of the human body is
”communication via cable”, and there is also a wireless component of the brain-body communication.
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The electrical currents in the brain neural network create an extracranial magnetic field (see the ref-
erences in Section 1 above for literature). Thus, they act as an antenna transmitter. Loops in the

neural pathways outside the brain and in the close proximity to the brain act as an antenna receiver.

In literature, similar perspectives can be found, for example in [14], [15].

In our previous work [2], [3], we addressed the mathematical theory of signal propagation, having in
mind applications to the networks of neurons. In this paper, we concentrate on mathematical models
and practical approaches to applied problems.
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