CHAPTER ININE

CONCLUSION AND DISCUSSION



Ambroge Bierce, in The Devil’'s Dictionary, gave the follow-
ing definition:

MIND, n.— A mysterious form of matter secreted by the
brain. Its chief activity consists in the
endeavour to ascertain its own nature, the
futility of the attempt being due to the
fact that it has nothing but itself to know
itgelf with.

This is the challenge. Despite the scale and complexity of the
problem, there have been attempts to understand the function
of the brain. Now we are at'a stage where we can construct
simple mathematical models and test their predictions, some-
times even in humans. These efforts may not only be able to
improve health care through efficient treatment of nervous and
psychiatric disorders but also lead us towards intelligent
computing machines. The future of neuroscience, therefore,

geems to be very promising.

In this work we have studied a linear model of global
electrocortical activity. We have considered the oscillations
of electrical potentials in segments of dendritic trees as a
system cf damped coupled harmonic oscillators. Generalized
coordinates consisting of electrical potentials ard their rate
of change generated a linear transformation which formed a
group., The identity of this group corresponded to the
physiological state of bdrain death.h covariant model was
constructed by writing the equations of electrical potential

in the ctomoving frame of the signal. When these egquatio.s were
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transformed into the laboratory frame a magnctic vector
potential appeared along with electrostatic potential. In the
presence of a weak magnetic field first-order corrections to
the frequenties as well as a method to calculate the ratio of

components of signal veloclties was given.

A generalized coupling was suggested in which the
electrical potentials were coupled both to other potentials as
well as their time rate of chenge. The effect on frequency
elgenvalues in the premence of a vime-varying magnetic fileld

was studied. -

In the preseace of weak magnetic fileld a generelized

potential of the form

Y = -
VTP T ALY

may be viewed as a gauge tranaformation for the electrical
potential in the comoving frame of the <aignal. Using this
potential Lagrangian andl Hamiltonian densities could be
written in the nearest neighbour interaction approximation. By
iterative procedure the various coefficients in the potential
expansion can bte calculated. This may be a first step towards
the construction of a quantum field theory for the electro-~
cortical‘ activity. Thie field theory would describe the
behavior of the system at abasolute zero. To conatruct a field
theory at room temperature we have +to assume a temperature

bath.

Since the system 18 bounded we expect diszrete energy

statea. Nunez {(1981) has nlready considered the possibility of
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viewing electroencephalogram as a system of standing waves.
Similar ideas may be applicable to magnetoencephalogram, and

simulation may predict stochastirc propertizgs of the system.

We ar+ tryirg to simulate EEG signals as & system of
harmonic oscillatora (Siddiqui, Kamal, Khan 1988). The results
will be compared with the digicized electroencephalograms

provided by local neurologists.

Since the spinal cord plays an important role in human
locomotion, a three—-dimensional model of the spinal column was
developed (Kamal 1983; 1987). This model generates the spinal
outline from the proJections in frontal and sagittal planes.
The outline could be obtained from roentgenogramrs or moiré
topographs. Degree of correction of trunk deformity could be
estimated by measurements performed on moir¢ topographs of
scoliosis patients in standing and hanging positions. The
model is described fully in appendix C. Compariscen of moiré
topographas with X rays in Malm¥, Sweden on a few patients
suggensted that this model gives the best resnlts in the
abesence of rotation. This model may, therefore, be useful in
the s8Btudy of normal subjects. Outline of spine may be
constructed from moire topographe in various activities. We
are in the process of developing special averaging algorithms
which could be used to study the epinal columns in persons
qapable of performing highly coordinated motor skills (e.g.
gymnasts), normals and patiente having neurological impairment

effecting their motor system (e.g. cerebral palsy patients).

The next step could be the unificatinn of the spinal model
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with the nlodel of brain to obtain a complete picture of the
motor w@sysmtem and motor function in humane. This would,

howaver, require experimental support at every atage.

Since human brain is a delicate system, we cannot use
invasive meana for its study. Therefore, there is a need of
noninvasive techniques whi:h do not pose any risk to the
subject under study. At present we are concentrating on moiré
and raster techniques to study noninvasively the spinal
column, and hence the motor system. We are planning dynamic
studies concentrating on gaite of normals and eplleptics
during the washable memory pericd using FM-00 projection type

moiré camera.

Further theoretical work may involve developing a
space-time metric tensor formalism (Pellionisz, Llinds 1982)
for our covariant model {Kamal, Siddiqui, Husain 1888a;b). The
metric tenacr may, in turn, generate a gcalar pctential.
Mathemstical formulation to censtruct pseudo-Newtonlan poten-

tials in geometrodynamics already exists {Qadir, Quamar 1986).

We are, therefore, beginning o explore the frontiers of a
kingdom always seemed mysterious to us. One wonders how many
more mysteries of Nature have evaded human exploration. The

seackers of truth will, perhaps, someday uncover them!
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APPENDIX A1 THEOREMS ABOUT SIMILARITY TRANSFORMATIONS

Theorem Al: A similarity transformation leaves the trace of a
matrix ifnvariant.
Proof: Let A be a matrix whizh transforms as £ under a

gimilarity transformation & i.e.
(A-1) B = S45°

The trace of A is £ A4 whereas the trace of B can be written

J

i’
ag

(A-2) £ B, = £ 5 A (Y = T (5% s 4
] il R iy gk ,

L L. gk KoLk ki Ly gk
=1
But ? {s )hs,‘-i 6]:] and so
{A=-3) FB = TEA =L | S5 A ] =X A4
\ it i kj jk ; K ky ik N A

which cuoinpletes the proof.

Since trace is the sum of eigenvalues, the above theorem may
also be stated as: Under a similarity transformation the sum
of elgenvalues remains tnvaritant. In fact a stronger result
holds good for similarity transformations.

Theorem A2: Under a similarity transformation the eigenvalues
remain invariant.

Proof: If A is an eigenvalue of matrix 4 the secular equation

can be written as
{A-4) det{(Ad — A0) = 0

where | is a unit matrix having determinan: 1. If S is a non-—



singular matrix we have det($) # 0 and so det(5 ') = 1/Jet(S).

i

Multiplying the left hand side of (A-4) by det(S) and det(s ')

we have
(A-5) det(S)det(4 - Al)det(s*) = 0

But det(4)det(B)det(C) = det(ABC) and so
(A-8) det($4s™ - asIs™) = 0

Since StS! = 0 we have
{A-T) det(B - Ab) = 0O

which proves the required result.
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APPENDIX B: THEOREMS ABOUT DETERMINANTS OF GENERAL TENSORS

Theorem B1: The determinant of an inner product is equal te
the determinant of the outer product.

Proof:. For a second rank tensor

b u‘b‘a?bz unbn
(B-1) det(A%) = e AY'A% % 4
aa .,.... a
1 2 n
Now
(B-2) det(Adb)det(de) = (ea o S b e c €4 4 ) x
g9, beeeb e ..c Td.Ld
ab cd ab ed
(‘411811 ------ Anann)

If we replace ¢ by & and sum over & we have

b bd .
(B-3) det(4°")det(B") = (e .. a (5 _bn)zedl_ a1
ab bd ab b d
(attett ... A" ™)
(eb v »* = +1 when it is non-vanishing. In those cases we
- | | o
may dsfine
ab bd ad
(B-4) AI.LBLI.=(AB)'L1.

ag the inner product of A and B. Therefore
(B-5) det(4°°)det (B°?!) = det(4B*)

Note that we can change contravariant tensors to covariant
(for their contraction) by multiplication. with € having a
determinant -1. If we define

‘ab cd abcd

(B—G) AttBltz(AB)L.l.l.

as the outer product of tensors A and B, we notice that

of



(B-7) det (4% )det (B°?) = det(4B°>%Y)

.

We note¢ that determinant 1s a number which does not depend on

the choice of indices and so from equations (B-5) and (B-7) we

have
(B-9) det (4% )det(B®%) = det(4%°)det (B°%)

and so we hsve

(B-10) det (48°°Y) = det(4°Y)

Now we prove this theorem for a determinant of a general

tensor of rank n. Suppose it 1s true for a tenaor of rank k,

aa...aa a aa...da
(B-11) det(T‘Z k k+i lﬂz) - det(T‘z k)

. a
We take a new tensor whose components are gliven by C ©®  which

is of first rank. Therefore according to eq. (B-11)

a aa ...

) = det(C ) det(r ' ? )

a aa

Y - a
dBt(C o)det(?' iz k k+d k+2

By definition of a general tensor given in =2q. .2.28) we 8see

that the two s8ides are the determinants of tensors

= - G

G .
2 k

2 "k %ke1%%kez

%y %4
(cT) and (CT) and =0

aa a

(B-12) det(cT ! 277k

2 k% ke1%ke2

y = det(cT ! )

Therefore the assumption that the theorem 1is true for k
impliee tha%t it is true for  + 1 because on the "right-hand
side we have a tensor of rank 2 + 1. We already proved that it
ie true when k = 2. Hence it is true for all n > 2. Forn = 1

the result can be easily proved.

Theorem BZ2: The determinants of a general tensor form an

L= =g



abelian azroup under multiplication.
dnaz"'ﬂ ob .. .b

Proof: Lét det(A My and det(z ' ) be two elements

in set D:

(i) Using theorem Bl we can show that

u‘az. . “m b‘bz. . b a"o.z. .. Gmbxbz' . bn
ydet (B ™) = det(AB

a b )
C(tt) For all det(A’), det(8*) and dettc'y in D, J =

det (A

1,2,...,m; k= 1,2,...,n; L = 1,2,..,p. Therefore

b < ab
]

(B-13) det(4 J)[det(B ¥)det(C )] = det(aBc i *’

)

b e

= [det(4 ')det(B ¥)ldet(c ")

by theorem B1l.

(ti{{) There existe 1 in D such that
a a, a,
(B-14) 1.det(A ¥) = det(4 ) = det(4 i).1

We now show that 1 is in D. Let ua define a tensor of mth rank

£ psuch that

ada...a
(B-15) gt ™ a = 1,2,....n
are given by
a3 ...a
(B-186) riz "4t ifa ~a = ... = a

= 0O otherwise

a
We note that det (E‘H = 1 and 20 1 is in D.

a, a,
(iv) For det(A ') in D, there exists det(¥ ') in D, such that
a

(B-17) det (4 1)det(F ') = 1 = det(F ')det(4’)

a

¥For this very condition we need that det(Aj) = 0. Therefore

a
Aj must be nonsingular.

{v) Also we have



PP Y

a, bk ‘)k a,
(B-18) det (A ydet (B °) = det(B “)det(4d )
Therefore, all nonzero determinants of a general tensor form

an abelian droup under multiplication.
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APPENDIX C: THREE-DIMENSIONAL MODclL OF THE SPINAL COLUMN

To draw the outline of the epine from the moiré topograph
of back consider Fig. C--1. The midpoint of the neck 1s Joined
to the midpoint of the pelvis Q. To find the position of the
spine at a given point draw a line perpendicular to PQ. Let
this line intersect PQ at C and a particular moir® fringe at H
and E such that E is always on the right side of H. The
midpoint QO of the line segment HE 18 assumed to give the posi-
tion of the dpine, provided the positioning during the X-ray
and moir4 examinations is identicai. Several such points may
be found along the line segment PQ, preferavly 33 to corres-
pond to the 33 vertebrae of the spinal column, and a spinal
outline in the frontal plane could be drawn as the best curve
fitting these points. Similarly an outline in the :agittal
plane (Fig. C-2) may be drawn from mnolré topograph of the side

(arm raised).

Fig. C~3 shows projection of a point O on the spine in y=z
and xz planes. The back lies in the yz plane (frontal plane)
and the side lles in the xz plane (sagittal plane}. The point
B (=Bo) iz chomen as origin. The back and side photographs may
not have the same scale. To adjust the scaleé, photograph a
stick on both back and side photographs. If w 1a the ratio of
the length on the back photograph to that on the side photo-

graph, the corrected length fcr the side may be written as

(C-1) (side) = wz §{8iae)

-4
corrected measure
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Fig. C-2: Moiré topograph of the side
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From the measurements performed on moiré topograprhs of back
and side, we generate a curve x = x(U)}, ¥y = y(), =z = z()
which is a best fit to discrete measurements performed at
various locations represented by the parameters E:’ fz....,tn{
n = 33 chrresponding to the 33 vertebrae of the backbone. The
parameter ti may be taken as the distence on a 1line segment

Joining the midpoint of neck to the midpeoint of the pelvis.

Let us write
(C-2) Cx = f(y,2) = zay” + byz + 3c2

in the neighborhood of any point on the spine. The coordinate
x repreosents the deviation of the curve from the yz-plane.
Rotating the y, 2 axes by an angle a clockwise about the

x-axis

(C-3a) y = Voo COB @ + X sin a
(C-3b) = -V, gin a + x ., <os a
where

(C-4) o =3 tan™ [2b/(c - a)l

Eq. {C-3) may, therefore, be written as

1 z 1 R -
(0-5) x = E ”ﬂ,yrot * 5 nzt‘lrot
where ®
(C-6a) x, = a+c - 2°/14b + (c - a)’ 1"
(C-8a) | w, = a+ o+ 265/040° + (c - a)*1*"?

l

The patient ia then asked to hang freely from a bar and the
improvement in the deformity is noted. The curvatures are

again measured after guarded graduated Egssive correction as

.
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Fig. C-3a,b: Projeclions of a point O an the spine itn yz

Cfrontal) and xz (sagittald planes.
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w! o, n'{'; t = 1,2,....,n. The degree of correction of trunk

deformity is definqd as
(C-7) | D= (50/n) E [(1 - "11 /"“)z + (1 - /RZLEZ]
The trunk deformity 1s classified as severe, intermediate or
mild if D lies between 0 - 33.33, 33.34-66.66, 66.67-100 res-
pectively. Geometrically if nd' =%, x; = %3 t = 1,2,..
...y, there is no correction and D = 0. On the other hand, if
xi == =0;t=12,...,n, the deformity is completely
corrected and D = 100,

The analysis presented here may also be applied to clinical

radiographs of back and eide to determine the shape and

curvature of the spine.
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