CHAPTER <0¥

FFFECTS OF WEAK MAGNETIC FIELDS



6.1 INTRODUCTION

Magneﬁic fields of the brain are studied experimentally Ly
many groups especially for localization of epileptic foci
{e.g. Romani 1987: Ricci, Romani, Salustri, Pizzella, Torr-
ioli, Buonomo, Peresson, Modena 1987; Narici, Romani, Sal-
ugtri, Pizzella, Modena, Papanicolaou 1987; Narici, Romani,
Salustri, Pizzplla, Torrieoli, Modena 1987). It would be of
interest to study the effects of external weak magnetic fields
on global electrocortical activity. These type of studies may
be of interest in epileptic patients just after the siezure
(cf. chapter 9). We expect to obtain information about the
strength of courling as well as ratio of signal velocities in

various directions.

It the magnetic field is weak, it not will effect the damp-
ing coetficients and coupling of the individual vector poten-—
tials. The natural frequencies will, however, bs modified. In
the context of our generalized model, a first-order estimate

of the shift in frequencies is given.

6.2 WEAK MAGNETIC FIELDS

Let us apply a wgak magnetic field B‘m_ {« 1 tesla) which
is assumed to be uniform throughout the regionh concerned. The
"' magnetic field, not wvarvying with time, is gJenerated by a

vector potential A (x,v.z) svech that B -V x A . Let us
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write a 4-potential as

0
(6.1) ’ Aout = A

e xt

The componénts of this 4-potential are denoted by Afxﬁ H = 0,
1,2,3.

The presence of weak magnetic field will not affect the
damping coefficiernts and coupling of the individual A's. 1In
the presence of this weak magnetic field the natural frequen-
cies N (7) will be modified to, say, N (7). In the lab frame

eq. (4 10) now takes the form

(6.2) Ixt' + A(TIA’ + ni_’z(T)At' =5 Ktj(T)Aj'

where At' = Ai + ont. €ince the signal velocities are very
small as compared to the velocity of light, we take t >~ 7. The
external field Aoﬂ(x.y,z) does not depend on time. We,

therefore, have
(6.3) A* = A, A" = A

Subtracting (3.10) from (5.2) and introducing n;z = n: +
6nf. (6n, 's are 4 x 4 matrices having elgenvalues 3:2 Moo=

0,1,2,3 representing the shifts in freaquencies) we have

2, ., _ _ 2 _ J
(6'4) ént AL -._ (ni. f sxi. )Acx

i

We assume that 6nt,fXJ and n,  can all be simvltaneously

diegonalized. In other words {én,%’)1 = 0, [én,n] = O etc.

~

Aprlying the transformation 67;L — Aiénfﬁ = GJZ etc. to

write (5.4) in the comoving frame of the signal, we have

)

2, ., _ _ g2 _ Bo,a
(6.5) 6"'; Ai. - ("i. z ki. )(ont i

J
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where Ai_' = &L + (ont)i.; (onl)i. = Aiﬁoxt' The matrices 611,
wn and &j are already diagonalized. Eq. (6.5) will yield four
equatione each one sufficient to determine an eigenvalue s,
The results are
(6.6) 6% =tz g™ - () 30k

i

r

[a) — - -
where (":>.t = - ?'.LAM'..V.L/(clﬂtt -7 v, e = 1: r = 1,2,3.

A,
1 ext

5.3 EFFECTS ON FREQUENCIES

The shift in frequencies ims a measure of the strength of
coupling through the factor [ £ Kj“ - (N1,
(a) If the coupling is strong i.e. T Kj“ > (N:'z, we will
observe a slight increase in frequencies.
(b) If £ Kj“ = (bk“)z, there will be no shift in frequencies.
(c¢) If = KH“ < (N:Uz, there will be a decaying exponential

introduced in the EEG sepectrum. Therefore, L1he frequencies

will be modulated.

Examination of (8.8) also indicates that the term Y. A

. .V
L axl 1

i2 very small as compared to ¢F Therefore, we expect that

(6.7) 6° x

172
i ' oxtl

Taking the averages we expect that <$°> « |17

A This
concluslion nay be checked experimentally. In a magnetically
shielded room a weak external magnetic field may be applied to
the brain in thé form of a horseshoe magnet. Tts magnitude is

varied and when the steady state is reached the EEG is taken.

The dominant fredquency of the EEG ie expected to vary as the
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square root he external magnetic vector potential. The
other compr .ents 6{; r = 1,2,3 are independent of the applied

field.

If wa epply magnetic field of same magnitude in the z-, y-
and z-directions nnd observe 6;’ in each case, we can measure
the retioe of velocities of signals in different dir-ections

:0%?)2 = f(vt)x:f(vt)y:'f(vt)z

0 Lo ]
(6.8) (6°),:(6°%)

y
If we apply Central Limit Theorem of Cramer to replace each
individual fregquency and velocity by its average, the above
equation may provide a way to evaluate the ratio of different

componenta of signal velocity.

8. 4 GENERALIZED POTENTIAL

Eq. (8.6) als> suggests that we can define a generalized

potential of the form

(6.8) Y= ALY .

This could be viewed aB a smort of gauge trenaformation for the
electrical potential in the comoving {rame of the ailgnal. [t
may help in writing the Lagrangian and Hamiltonlan densities
for our system. The next step could be the construction of a

quantum field theory for the electrocortical activity.
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