CHAPTER FOUR

GLOBAL ELECTROCORTICAL ACTYIVITY



4.1 LINEAR MODEL -

An important aspect of elec'roencephaloyram is its close
correlation with cognition and behavior (e.g. Walter, Kado,
Rhodes, Adey 1967; Berkhout, Walter, Adey 1969; Gevins,
Zeitlin, Doyle, Yinglirg, Schaffer, Callaway, Yeager 1979). If
cortical cells are viewed as information processing networks,
then electrocortical waves might be viewed as statistical
shifts 1in average local depolarizatior, influencing the
transition probability of local network elements., thus baising
the logical properties of the networks. [f we are able to
determine the laws of motion of these waves and their internal
mechanisms of control, we shall be a step ahead toward an

overall uncderstanding of brain information processing.

Wright and Kydd (1984) developecd a linear model for global
electrocortical activity and its control by lateral hypotha-
lamus. They proposed that the properties of the electrocorti-
cal waves bhe clearly distinguished {rom the microscopic and
nonlinear interactions which underlie them. The gross waves
may be represented as linear, and subject to a specific form
of contro! by certain sub-cortical pathways. From the linear-
ity assumption it immediately follows (i) that the waves are
sSubject to the superposition principle, (ii) that with given
boundary cecnditions the grogss electrocortical activity will
exhibit resonant modea of fixed natural frequency., and (iti)
that at each point in the system there is a spe~ific disper-

| - - - v a
sion relation, giving phase velocity for each wavelenath.

40



The lateral hypothalamus is chosen as the focal point in
these studies because (Wright, Kydd 1984)

(a) It is one of number of fiber vathways well placed to
exert controlling influences in the brain, being made wup of
numerous pathways ascending and descending from *elencephalon
to brainsiem {0lds 1956a; Nauta, Karten 1970). -

(b) Teslon of this pathway leads to the sensorimotor
neglect ayndrome - an in attention syndrome not accounted for
by 8ensory loss, or motor paralysis (Marshall, Turner,
Teitelbaum 1971; Turner 1973; Wright, Craggs 1979).

(c) Stimulation of the lateral hypothalamus exerts strong
effects on motivation and attention, as wmwanifested by the
intracranial self-stimulation phenomena (0Olds 1956b, 1961:
Olde, Peretz 1960; Rolls 1971, 1974; Wauquier, Rolls 1976).

(d) The eleztrocortical power spectra obtained in
sensorimotor neglect and intracranial self-stimulation appear
to show reciprocal changes in power at each frequency, when
each is compared to a resting control state (Wright, Craggs,
1979). The converse nature of these effects reduces the chance
that either represents immediate, or later deve'oping,
artifactval events, and suggeats that opposite shifts along a
continuum are induced by these manipulations.

{e) Senaorimotor neglect and intracranial self-stimulation
appear to depend upon lesion, or stimulaticn respsctively, of
all. or supgroups of cells within the mesvencerhalic dopamin-

ergic group (Ljungberg, Ungerstedt 19768; Wise 1978; Wige,

Bozarth 1881)
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Therefore we see that the lateral hypothalamus exerts

important control functions upon telencephalic activity.

Consider the cerebral cortex as a mesh of highly inter-
connected voltage (or current) sources, equivalent to segments
of dendritic trees. The telencephalon constitutes a compara-
tively closed, highly interlinked system. The entire system
may be regarded as driven both by input sensory signals, and

active neuronal firing.

Let the potentiaml of a segment of a dendritic tree, Pt(t)

be represented by
. ) _ . )
(4.1) o+ D(t) o +N7(t) e =0

The Roman index ¢ which runs from 1 to n denotes the number of
dendritic trees considered in the model. The equation 1is
inhomogeneous end can, therefore, be fitted to any oscillatory
gource when Di(t) and Ni(t) are free parameters. Thesge para-
meters are analogous to a damping coefficient and a natural

frequency.

A mass of unit sources coupled to sach other ray be simi-
larly represented by (J runs2 from 1 to n subject to the condi-

tion that v = 1)

(4.2) e, + D(t) v + N*(t) o, = = R(t) v,
J
where D f(t), Nt(t)’ Kﬁ(t) are again free parameters. These

parameters may be given physioclogical meaning under the

following as3umptions.

(¢) All N, U{. KJ) have a finlte variance o, (o , o)
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about a mean <N>, (<D>», <K»). No particular type of distri-
bution for Nt(t)' [k(@), Ks(t) is assumed.

(tiYy All Nt(t). Ik(t), Kj(t) are stocnastically indepen-
dent, as sach represents processes being perturbed by very
complicated nonlinearities in the interactions of the linked

oscillatory sources, with diverse input signals.

Under th2 above listed assumptions regarding the iara-
meters, the -entral Limit Theorem of Cramer applies as n “ends
to be a larga number. Thip ie a very reasonable assumption.
A1l N (t), D(t), K'(t) may, therefore, be replaced by <N>,

<D>», <K> The model syeptem is equivalent to a linear,

time-invariant eystem while these values remain unchanged.

Eq. " {(4.2) may be put in another form by defining new

zZ = zZ_. = @ to

variables. Let Z, =@, 3%, T2z TP, 2, =@, 2, 0 .
z =®,3 =3z _ =@;ms= 2r. In matrix representation
(4.3) dZ/dt = &4 =
where & = {zk]; k =1,2,...,m i8 an m x 1 column vector and #
ila the state transition ma:crix given by
e 1 0 0 0 0O ......... 0 0 1
N® -D, K* 0 ® 0 n
-N, A . K™ 0 ...l K, 0
0 0 a 1 0 0 ... ...... 0 0
K' o N -D, K* o K"
2 THa T 2 - e 2 0
0 0 0 0 0 1 ....... 0 0
_ 1 2 z n
(4.4) & o= l(s 0 Ks 0 —Ns Ds ...... KS 0
0 0 0 0 0 0O ......... 0 1
1 2 3 2
L Kn 0 K, 0 K n 0 ...... -N_ —Dh ]
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The elements in Wright and Kydd s state transition matrix
donot all have the same dimenaions. —(Nl)2 has wunitsas of
(time)™® whereas -D, hes units of (time)™. In the next
chapter we shall rewrite the system of equations (3.3) so that

all the elements of ¥ are dimensionless.

4.2 COVARIANT MODEL

The model of Wright and Kydd (1984) described above rests
on drastic simplifications. It bypasses issues of cell-to-cell
_coupling, detalle of anatomy etc. Moreover, it does not take
into acccunt of the magnetic fielda which are generated when

there is a motion of charges.

We 8start with the model of Wright and Kydd (1984), but
write the equation for the potential of a segment of a dend-
ritic tree in the comoving frame of Lhe signal (Kamal,
Siddiqui, Husain 1989a). The comoving frame iz fixed to the
potential wavefront in the dendrite. When this equation is
tranaformed into the laboratory frame a magnetic tector

potential appears along with electrostatic potential.

Esaential thooretical features of this model, somewhat
modified from Wright, Kydd, Lees (1984), may be summarized aa:
(a) Electrocortical activity reflect the transformed
spatial average of cortical potentials (Elul 1972).
(b) The telencephalon is assumed to be a linear wave
medium with regard to the groes wave potentiala although the

underlying microscopic interactionsa may be extremely

44



|
nonlinear.

(c) Closed and .constant boundary conditions 1lead the
lincar waves to pgenerate activity at a large number of
resonant modea, each asscocisted with a constant natural
frequency. These are interdependent properties for time-
invariant linear systems (Kuo 1982; Feynman, Leighton, Sands
1963).

(d) Trke values for the natural modes of the resonant
frequencles are clustered about certain central values
(Cramer ‘s Central Limit Theorem).

(e) Aszscending inhibitory saystems act partly +to damp
resonant activity and partly as a source of noise like driving
signals.

(f) An electrical potential in a comoving frame of the

signal transforme as four-potential in the laboratory framsa.

Let us introduce a four-potential whose components are A“;

“ = 0,1,2,3. 1t can be represented as

(4.5) A = [”]
A

In the subsquent discussion the subascraipt i+ is dropped. The
four-vector A will be written as simply A. In the comoving
frame of the signal passing throvgh a segment of the dendritic

tree, the electrical potential car be represented as
" ° z _
(4.8) e +D(1) e + N (T) P =0

T is time in the comoving frame of the signal. A mass of unit

sources coupled to each other may be mimilarly represented by
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(4.7) e, + D.(7) ;:t + N*(t) o = T Ki(r) °,
;

There is no summation over repeated Roman 1indices. However,
repeated Greerek indices denote summation. In matrix form the

above =2quation can be written as

(4.8) B+ D () P+ KP(r) & = = 2l(r) o,

where 3ttr), J&(T) and AJ(T) are 4 x 4 matrices. The only
nonzero entries are at the intereection of firet row and first
column; which are D (7), N (7) and KS(T) respectively. ¢ 1is
a 4 x 1 column vector with the first entry as the only nonzero
entry representing the electrical potential v, - Tet us
transform Eq. (4.8) in the laboratory frame under the Lorentz

transformation KL. Under this similarity transformation the

four-vectors and matrices teke the form

(4.9a) Sd— A = A @ _
(4.9b) .D_l_('r) — AL(T) = )\i. 'ﬂi.(T) ;i.

(4.9¢c) AAT) = (T) = A K (T) ;,‘

(4.9)  aj(r) — xiry = A al(r) A,

Eq. (3.8), th2refore, becomes

(4.10) A+ A(t) B + n’(r) A == x'((r) A
J
The state transition matrix was constructed by defining

new varisbles ﬂk = f(At,Al), k = 1,2,...,m where m = 2n

analogous to the variablees =z f(Ptﬂﬁ) in the linear model

k
of Wright and Kydd (1984). In terms of Qk, Eq. (4.10) can Dbe

written as

(4.11) da2/dr = A 2
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where € = [Q,] is a 4m» x 1 column vecter (each 0 is a 4 x 1
column vector) and A. ia the state traneition matrix of order
4m . 4m. The form of & is aimilar to # given in Eq. (4.4) with
each D, repliced by &, N by n_and K’ by %’. The numbers 0
and 1 are replaced by 4 x 4 null and wunit matrices

respectively.

Under tle similarity transformaticns defined by Eq. (4.9)

the eigenvalues remain invariant i.=.

(4.128) Dl,ub = Dcomovtng
(4.12b) Niab = Neomoving
(4.12c) Kay = comoving -

4,3 GENERALYZATION OF THE COVARIANT MODEL

In the covariant model described above we have written
4 x 4 matrices in place of simple parameters representing
damping coefficlents, coupling conatants and natural frequen-
cles. However, in all the matrix representations in the
comoving frame of the slgnal only one of the eigenvalues |is
nonzero. In the apiriu of complete symmetry among all the
space-time coordinates we are introducing 4 eigenvalues for
each parameter 1.e. the diagonal entries of the. matrices
D(t), #(v) and &’(t) are DX(r), NM(r) and K¥(r); u =
0,1,2,3 reaspectively (Kamal, Siddiqui, Husain 1989b). All the
nondiagonal entries are zero. The eigenvalues corresponding to
u = 0 are the ones present even in the atsence of magnetic

fields. These will show up in the model of Wright and Kydd
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(1984). The other eigenvalu=ss would not be observed because
thelr prdjections on the four-vector qb_L will wvanish. These
eigenvalues will show up when we transform Eq. (4.8B) to the
laboratory frame ae (4.10). In Chapter 5 we shall consider the

effecte nf weak magnetic fields on thess eigenvalues.
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