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ABSTRACT

Relationship between the electrical activity of heart and
the electrocardiograms on the body surface has-been investigated for
many decades to help in diagnosing the condition of heart and to

develop some-understanding of the physical process.

The purpose .of the research. deseribed in this work was to
explore the avallable techniques and to find an improved method
for relating eleetrical activity of the heart to the'résulting
electrocardiograms on the body surface, sueh that the parameters
derived from this relationship. could be used to determine equivalent
electrical aetivity of the heart. when only body surface electrocar-

diograms were avallable.

A brief description of heart-human thorax relationship is

|

given in seetion 1.2. Figure 1.1 was drawn from actual measurements
on a subject since these measurements were to be used later. Sequence

of ventricular depolarization is described in seetion 1.3.-

In Chapter 2, some of the. proposed mathematical models are
discussed followed by fundamental representation of distributed
charge double layer by a diserete number of dipeles as developed by

the author.

In Chapter 3, a method is developed for relating electrical
activity of the heart represented by a nrumber of equivalent dipole
sources to resulting unipolar electrocardiograms at a number of point:
on the body surface. The method is based on multivariate regression
analysis. Although regressien teehnique is extensively used in

statisties, the material developed in Chapter 3, 1s new so far as
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the systematic evaluation and analysis of parameters 1s concerned.

Results of computations with the aetnal electrocardio-
grams are desepibed in Chapter 4, with .detailed amalysis of the
parameters obtained. These parameters were used to obtaln the
equivalent dipole sources in the case ef nermal eardlac activity.
Comments. en the results obtained, limitatiens, and application of

the method are diseussed at the end of Chapter 4.

The digital computer programs in gppendices III, VII,
VIII, X, XI and XII were developed and writtem by the author. The
material presented in appendices. II, IX, XIII and XIV was also

developed by the author.
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CHAPTER 1
INTRODUCTION




1.1 General

The contraction of cardiac muscle is:immedtately
preceded-by electrical events. -An esseﬁtiai“pérttisfthe-éreation '
of'poténtial differences .in .the heart (muscle)'which"ih“tyrn‘

- give-rise to electrical currents. The heart muscteﬁis*spérbuhded
by body fluids, which by virtue- of their.electroiyté*coﬁ%ent act |
-as eleetrical conductors. In~this-manner'theweardiae‘currents.
Plow in all directions. The body can, therefore;cbefregéfded~as

- volume conductor.

The nature of .this electrical activity has always
intrigued investigators. As. early as 1913,fEinthsven‘a1feady; |
speeulated that cardiac- electrical activity*eane%efrepresented Q|

by- an- equivalent dipole.

Since the introduction of this~conceps;athe*problem of
finding an equivalent.system for the "cardiae#generatbr“\hés'been;

approached in several ways.

The models proposed were intended to. serve-some of_fhe |
following objectives: |
(1) ‘to understand more clearly.eleétrical.activ;ty:of
~-the’heart;
(2) to relate this electrical activity-to.the electro;

cardiograms appearing on-the surface of the body,




(3) to investigate the dielectric properties of the
medium surrounding the-heart-i.e. the human thorax.
(4) to be able to predict eléctricgl activity inside -

 the heart from the electrocardiograms on the surface of the body;

At this stage, no attempt will be made to go into
details -of the work carried out by other investigators. The

interested reader may find the details in references [1 - 15].

1.2 The Heart

The heart is a hollow, muscular organ-of a somgwhat
‘conteal form; it lies between the lungs and is-enclosed in the
pericardium. It is placed obliquely in the chest uehind the
body of "the sternum and adjoining parts of the rib cartilages |
and projects farther into the left than in the right half of Q!
‘the ‘thoracic cavity, so that-about one-third of it 1s situated
-on-"the right of the median plane and two-thirds on the left [161.
-The size of the adult heart is about 12 cms from base to apex,
8§ = 9 cms transversely at the broadest part and 6 cms antero-

posteriorly.

The position of the normal heart within the human
thorax:varies considerably in different subjects. The heart may
be vertical in tall individuals and horizontal in those of short

stature, obese and pregnant women.







Figure 1.1A showsrthe sketch of the*euter.wéils of the vvv
thorax from the measurements.on a subjeet;:who;weighéd'130'lbs;
and measured 5'6" in height., The position.of.heart shown 1is '
the most common position.in individuals and was-drawn from the

desceription in reference [16].

The dotted lines in the figure show-the: levels at which

measurements were taken.

Figure 1.1B gives the sectional :view of the.outer-ﬁalls

of the thorax at the.six levels.

1.3 Electrical Activity of.the Heart

The initiation and the sequence .of:excitation 6f a | Q!
normal human heart.can be deseribed. falrly aceurately.. Although

mest. of. this 1n£orma£ion,has been. derived freom experiments on dogs,
the. extrapolation is justified by two faetsx .eii. human. and

canine hearts are. anatomically similar, both grossily. and histolo-"
gically, and (ii).electrocardiograms of similse shape can be
recorded from both. hearts [17, 18].

The cardiac tissue has the ability te beet rythmically
without.external stimuli. The cells with mest iwherent rythm are
called. "pacemaker eells". Paecemaker activity is:normelly confined




‘to.sinuatrial_(SA).node and :atrioventricular (A¥) mode; with

. SA nede: being the déminan£~pacemaker (Figgliaz);ﬁ',.?ﬁ; exact
proeess-by which the SA and-AV nodes géneraxevimpu&ses’is-not
known [19]. |

The spread.of‘activity in the atntnm;cenmenee;'in the
SA'node, spreads around-and:-reaches the borders: of atrta and
- interatrial septum. .-The duration of atriaiaexcitafiun 1s about
50 msec. This is.folloved-by.an apparently quiet. period i.e.:

no-current flows from one region to another.

The period from the beginning of .atrisl activity to
the .beginning of ventricular activity 1snabout*iﬁo:msec, The
pathway-of ventricular activity has been studied;in'detnil
. {20, :21, 18, 23, 24], and generally there is'a-good agréenént
Dbetween-the findings.of different investigations- carried out.

. independently.

Activity starts, usually a few milliseeonds earlier,
-on-the.left, beginning in two geparate areas which are supplied
by the.anterior and posterior terminations of -the left bundle,
respectively. The activity on the right gtarts-at:the septal
terminations of the-right bundle in the region.of the anterior
papillany.muSQIaho}:the.rigns.ventniclé,vxmﬁeaeéz&y'activity‘
on the-left is dirécted from left. fo right:an&:tﬁé%aétivity on
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the right is directed from right to.left. :Sinee the: size of
activated tissue on the left is larger ‘than on the right, the
resultant activity is direeted to the right.

The regions near the .septal termination .of the bundles
are seen activated, and the getivity spreads wery .-rap:tdly over a
large portion of the endocardium near the'. apex of the "«heartv and
in the central region on both sides. Within a:short. period most
of ‘the .central and apical endeeardium on .beth siges is ~activated.
The activity in central and apical endocardium then proceeds from

inside out whereas the net activity in-the =eptel regie’n" has. right |

to left direction.. The activated regions coelesee and ‘.a.t.“a.bout
25 msec from the start of ventrieular exeitation, most of the
ventrieular surface is activated. .The last: area Yo be excited

lies in the basal septum bordering the atrium,

The sequence ef activation of interventrieular septum

and free ventricular walls is partly shown in Fig. 1.3. .
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(b)

Activation wavefront at-different points on

interventricular septum and of the free

~ ventricular walls. " The numbers show the time

of arrival of activation'wavefront in msec.

Figure (a) gives vertical view and figure (b)
the sectional view, the section drawn at level




CHAPTER 2
ELECTRICAL ACTIVITY OF THE HEART

MATHEMATICAL APPROACH
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5.1 - Mathematical Interpretation of the Eleetmiest Kotivity -

of the Heart

In Chapter 1, .a deseription was given ef the initlation
and sequence of exeitation‘ef.the:heart~muselee&s determined from

experiments. carried out in the years 1950 - 1960.

Electrical aetivity ef the heart glves rise to poten-
tials en the surface ef the.bedy. Forrmene.th&n;h&lf a. century
these potentlals have been recorded and used by physicians to
make diagnoses. of .esnditiens ef. the heart. The earliest. systen,
for recording potential differenees between g1 ffepent points. on
the bedy, as proposed. by .Eintheven is shown in Fig. éfl.‘. The
records were given the name of "electrocardiograms’-or ECGS

(also knewn as electrekardiogramme.or EKG).

To understand these eiechrecardiégr&ms nelativeftq.One
snether and in relatien to the electriesl activwity of the heart;.
Einthoven in 1913 introdueed she "triangle hypathesis" [25] ‘
based en the following assumptions:

(1) the bedy.is a spherical homogeneous volume

conduetor of infinité size.
(2) the extremities-of three 1imbs wsed in the

standard leads (I, II, and III) form the apiees of an equila-

teral -triangle lying.invthePfrental plane of the bedy. Therefore,

i
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. ECG (LEAD 1)

RA LA

ECG | (LEAD 2)

Lead II

r--* +

RA

LL

_ ECG | (LEAD 3)
r—-‘
Lead III

LA

+

Fig. 2.1 The standard Lead connections, as introduced
by Einthoven and corresponding typical normal
ECG s from these bipolar leads.
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the eleetrodes are censidered~equidistant'fremioneaanother-and

alse from the centre .of the heart.
(3) the eleetrical activity of:the-heart can be

i
Do
T
ca
f
4
P

‘represented by an equivalent -fdipole™ at ‘the eeatre of this

e

equiiateral triangle,

: Einthoven's<Qtriaagle;hypothesis!;mazked the beginning
of ‘a new-era in eleetroeardiegraphy. It wes .the first step in
the:evolution of .mathematico-physical models of electrical

L i

aetivity of the heart.

1
k|
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Einthoven's model, theugh extensively used in the inter-

pretation of the electracardiograms, is not aceurate because of

the following facts:
(1) the body.is.an.inregularly:shaped:eyiinder with

inhemogeneities especially 1n the areas arennd the heart (26 - 311,

Moreover, the size of the body is not infintte compared to the

eleetrically activated pertien of the heart.
(2) the right arm (RR), left arm (LA) and left foot

(LF) as shown in Fig. 2.1 do not represent three equidistant

points from the so. ealled eleetrical centre .ef the heart.

(3) the electrical .getivity of she heart cannot be
represented by 2 single dipele-.as the equivalent source [32].
Einthoven's “triangle.hypothesis“,.altheugh not very

aecurate, has been widely used in clinical eleetroeardiography

beeause of its simplielty. Simultaneously seareh has continued

for a more accurate system.




o1 -

Essentially the problem can be divided into two parts,

i.e.:

(1) representation.of‘electrfcél;ééfivfty'of-ﬁﬁé

heart by an equivalent source or cardiac generator.

Putting this source inside an assumedigeomefrical
shape, we can determine potentials appearing.on the ‘surface due
to this source, If the geometrical shape chosen can be made
realistically comparable to the human thorax, then the theore-
tical results obtained on the model can be compared-to actual
electrocardiographic- measurements. In the earlier models a
dipole source was assumed to be immersed in.homogeneous conduc-
ting medium bounded by a sphere, cylinder,. circular lamina qf a
prolate spheroid [1 -5]. In the later models;:the‘equivaient
source was represented by multipole expansions [7, 9 - 12]. We
will return to the discussion of the equivalent'sourcé in the

next section.

(11) determining a system of jead:connections for

recording electrocardiograms.

Modification. of Einthoven's leads were.necessary to
account for the fact that (1) the electrical aetivity of the
heart could not be replaced by.a single equivalent dipole and
(2) the three extremities, 1l.e. left arm, right arm and left

foot did not form apices of an equilateral‘triangieu Studies

-~
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were carried out.on models resulting into & variety of systems
[33--.42],~1n general making some improvement over the previous -

one,

2.2 Methematical Representation for.Eleetricaa&Activity“of,

the Heart

2.2.1 Discussion

As we have .described in Section 2,1, it was realized
by many investigatorsuthat“aﬁsingle dipole:representation dig
not sufficiently account.for electrical activity of the heart
Gabor and Nelson [43] presented a method .for deriving equivalent
-Source .consisting of one, two.or more dipoles,.from'the.potential

measurements on the surface.of: the body. -However,.: eomplexities

invelved in applying -the method. for the case.of more- than one
dipele-were such that .the .method could rarely .be applied in
practice. Yeh and Martinek [45, 7] proposed .a muitipole source,

A multipole can be defined as a- set of sourceSLand"sinRS‘(Fig;

2.2 ) infinitesimally .apart (as compared to the distance of the
point of observation). . A multipole expansion. contains dipole
terms, quadrupole terms,. octupole terms ete,, depending on the
order of expansion. These expansions havehbegn described in
reference [7]. The concept of multipole source has been'breferred

over the multiple-dipole source mainly beeamse of the fact that
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+
| |
€
|
i
-Q 1}:
55
§
(2) (b) () i
Fig. 2.2.

(a) Two charges +Q and ~Q a small distance:¢.apart represent

a dipole.

(b) Four charges of alternating.sign placed at the verticesi
.of a parallelagram, represent a .quadrupole, .

(e} Eight charges of alternating sign placed at the vertices
of a regular-parallelepiped, represent 'an octupole




the former is amenable to more detailed mathematical analysis
[9]. It has been suggested that electrical‘activity”of the
heart-can be representednaccurately by an equivalent maltipole

source [11, 12].

- The techniques for-aﬁplicationmof a.mnitipblé‘source
are still too 1nvolvedvand-comp1ex to be useful in-practice.
Moreever, it could be seer from the descriptinn“af:eiectrical
aetivity of the heart in Chapter 1, thaturepresenttng this
-Wgetivity" by a multipole source is & gross-departure from
actual situation. -A multipole source mightﬂgiveaasbetter neigh
for the variations .of. the potentials on the- surfaeezof the body,
put it will fail to relate, physically, thefchangeS“in“the
pathway of depolarization.wavefront in the heart te;thejchangés
in the potentials recorded on the body surface.’ Thas,“to.a~large'

extent, a multipole source is theoretical in nature.

2.2.2 PFormulation

In this seetion we will explore technigues for repre=-

senting electrical activity of the heart in terms of multiple

dipoles.

Consider a number of dipoles loeated on the circumfe-
rence of a circular ring; all the dipole moments -direeted radially

outward (Fig..2.3). Since our purpose will be, mainly, to

gl
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establish a principle, we will also assume that (1) the
mediam is unrestrieted and. (2). -the prebe‘wili 1ie ‘in the

same plane.as-that of the ring.

From Appendix.ll,-the.expression&aﬁerithefpotentials

{1) -Let Vp .= Botential at P, &.point outside the ring

1.e. B1 | ¥

then Vp=(1)@(FCos(e-¢)él)-» (2.2.1) zi

) m AP3 . ot 1(“:

0
where g
5]
¢ = permittivity of the medium 10
M = dipole-moment (magnitude) }“f

o = angle that the dipole moment vector

makes with axis ox

)

angle of the radius veetor from centre of

dipole to probe P K
R
R = radius of ring ‘ ;w}
AP = length of radius 'vector AP’ | g
where pp =R/FE+1-2FCos (6-0)
F= OP/R : 1

iu": S T e e v et jA,‘_‘u",-".'_"“‘"’ T
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Dipoles located on the ring with their moments
direeted radially outward.. P;and”Q’arefthe
given positiens of probes outside .and inside .g

the ring respectively. _ : ;
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(2) Let Vq = potential .at Q, a point :inside the ring Ll
i.e. E<l B % i
then V.= () B (ECos (6-6)-1)  (2.2.2)
q = (W @ | 2.2
where €, M, R, 6 are the same as for (1) ?ifi
P
g = angle of the radius Vecter from centre =
of dipole to probe Q | o
é Q':‘
] .
AQ = length of -radius "vector AQ" ii&
. Ny
'M‘é‘
where AQ =R VE®+1-2ECos (6 - g) §s
g
E= Q'Qﬁ 13
3
4ad
It should be noted that equations 2.2.1 amd 2.2.2 are ?{;
. ; R
essentially the same. These equations are velid oenly if the ’5:
’ LY

distance of the prebe from the dipole is.large as.eompared to

the separation between positive and negative eharges of the dipole

itself.

If the number of dipoles 1s N,.the potentlal at a given

position, from equations (2.2.1) and (2.2.2) is.as follows:

N M, (FCos (68-0)-1) (353

1 i
Vp = ( )R Z . i
Tme’ © 4o AP? i
i -
where |
M, = moment of i-th dipole

ORI
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ei.=-angle-that.ith dipole:mement . vector makes

with axis ox [
AP’i" =.R /F% +1.~ 2F Cos .(..ei..- g.) (2.2.4) !
oAl
e
S ‘N .M, (E Cos.(0; =B )~-1) (2.2.5)

Vo= (gred R I~ -
1=1 Q5 =

| §<§{

where ‘ ?§§1
AQi =R /E2 +1<2E ( ei -02) (2.2.6) %gk

g

"3
' 131
In the following subsections we will make-use of these §§§
g 4
equations to study some of the special features. ?%i
]

S

2.2.2.1 Distributed.and Diserete Charges

From egmation (2.2.3)

N M (FCos (06 -2)-1)

W= () R I = 2 ot

i=1 AP}

Let i
M =My =--=--=M =M= K/N ‘,?

where K is a constant JM
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TABLE 2.2.1 Potential.(function) due to.dipoles located on the
circumference of a ring with their- moments directed
radially outward.

N |Fp=11lF=1.2|F=14|F=17|FP=20|F=25| F=
3| 33.1130 |8.17659 1.95856 .586922 |.261335 |.0988817 | 0477814
61 16.3904 13.95730 -,899096 }.255272 ,1122“2 0439531 .0225211
9| 10.8219 }2.57967| .592929 .1852877 .090310 }.0394137] .0212702

12| 8.05887 1.93025| 478447 .168871 .0870531].0390753| .0212207

15| 6.42765]1.57814 ;433230 .165114 |.0866084].0390572 .021221%4:

1o 5.3681u|1.378u5 | .415329(.160297 |.0865584|.0390595|

o4 | 4.11763|1.18149| .405677 .1641119.0865654

30| 3.45136}1.11132 .40o4334].164128

36| 3.07525{1.08617 | .404218

yo| 2.91774]1.07941| .4OU245

45] 2.78548]1.07551

60| 2.61310]1.07346

72| 2.57466]1.07364

90| 2.55993

120) 2.55903

Potential is given in arbitrary units

N
R

F

(Dipole-moment)x(No. of dipoles) =

Number of dipoles

radius of ring = 1 (unit)

ratio of distanees i.e. OP/R (Fig. 2.3)

constant

3.0 1}
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donvergence at NO"DIPa'
convergence- at 'NO' DIP-
' -eonvergence at NO DIP-
’~convergence at NO DIP:

Potential variation as'seen-by i
.the’ probe, when the: number of
dipoles is increased

80. 109 .
(NO D'P) —




Potentials were eomputed for various.positioms of
the prqbe. As the number: of:.dipoles was’increaseé the charges
became .more and more unifermly distributed: over:the ring, the
total charge remaining the same. The purpose- of computing

potentials as shown in Table 2.2.1, was to determinethe

number of dipoles necessary to simulate uniformly distributed

charge around the ring, for a number of different positions of

D I\ VLA N

the probe.

- LIRRARY
T
7

Some typical.cases are plotted in Fig. 2.4, We can

Y770 ab Al T o

see that when the probe-is sufficiently far from the region of

. QNI el

activity, a very small number. of dipoles.can represent a uniformly

distributed layer of.charges also known as a. "double layer".

The ring.shaped wavefront of depolarization (or
double layer), as deseribed above, is generally not encountered

in practice (see section 1.3). - Bl

The irregularly shaped wavefront of depolarization
can be considered to consist -of a number of segments, where it
is possible to assign a direction in which: the aetivity is
proeceeding. In figure 2.5 we have considered one such hypo-
thetleal segment. Potentials were computed: using equation
(2:2.3). A simple-generalized program was written to compute

most of the results discussed in this section { Appendix III).
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POTENTIAL (units)

Fig.

2.5

N—
- (Number of dipoles)
Potential due to dipoles distributed over the

. segment (symmetrical to axis 0X).
F indicates.the posit@on of probe along the

axisﬁOX. ’ _
x=0P-R . : (see.Fig; 2.3)
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TABLE 2.2,2 Potentials due to dipoles distrihuted-over the segment
‘as shown-in Fig, 2.5. . ;
. Number of dipoles (N) 5
2|1 |-8846|.8410).8081).8040).79u4 |.7875) . 7822 ). 7781] . 7748 | 100 ;
3| -2500}.23511.2286 |. 2251 |, 2229 . 2215 |, 2204 . 2196 . 218 2184 | 10° §
¥1 +1111).1063}.1041.1029].1022.1016 |, 1013] . 1010 . 1008| . 1006 10° Ff
51 .6250].60241.5920 (5863 .5828.5804 . 5786 . 5772 57615653 | 1071 §.
6| .4000].3872].3823 |.3781 ). 3760 . 3726 -3736|.3728.3722[ 3017 | 2070y
T -2177).26961.2659.26381.2625|.2616 |. 2609] . 2604 2600/ . 2597 | 10-1 ; %
8 .20411.1985).1959|.1944(.1935|.1929|. 1925/ . 1921 | . 1918 .2916 [ 1071 §
5| -1563).1522.1503 (.1492. 1486 |. 1481 |, 1478) . 1475 . 1473 . 1472 | 1071
101 .1235).12041.1189/.1181.1175).1173|.1270[ .1268] . 1267] . 1166 | 1071 !
L)1 |.9759).9646).9583.9543 |.9516 | 9497| . 9482 .ou70] .gu60 | 1072 |
12| -8265).8071).7980|.7929|.7897].7876|.7860|.7848].7838] . 7830 | 1072
13] .6944).6786].67111.6669/.6643|.6625|.6612|.6602|.6504.6588 | 10-2
4| .5917).5785.5722|.5687 [.5666 |.5651|.5640] . 5631 . 5625|5619 | 102
15] .51021.4990] .4937|.4907|.4889 |.4876 |.4867| . 4860|4854 . 4850 | 10-2

Potential is given in arbitrary units

N = Number of dipoles

F = OP/R (Fig. 2.3} -

Last column 1is the factor by which. the entries in the corresponding rows .

should be multiplied to obtain the value of potential.

. QP o N i)
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As will be seen from the Fig, 24:.and table 2.2.2, when
the probe is elose to the wavefront of aectivity we need a large
number of dipoles- te simulate-the action.ef-the wavefront. However,
for the ratio F34,.the wavefront- can be represented, approxima-
tely, by & single dipole .placed along the axis.ex;at a point

where the segment erosses-this axis,

. From Table 2.2.2, it will be seen. that there is always
some ehange in potential when the number of dipoles-is increased,
however, part of this varlatlon can be attributed-to errors due

to maltiple computations.

2.2.262 Potential-Variation.as a Function:-of Distance

We will consider here both cases that were dlscussed
in seetion 2.2.1...For the first case 1t.was shown that when
the number of dipeles:areund .the ring is.lapger.then 90, 1t 1s
equivalent to a doublevlayea”as:Seen by the-probe Iying as close
as F = 3,1. For F>1.l, the aetion can be .simulated by a much
smaller -number of dipelesi. Table 2.2.3 gives-the values of

petential for a numbez: of values of F.

In Fig. 2.6, we have plotted the values: of potential
vepsus- distance. -As-will be-seen from this figure, the potential

‘deereases very sharply as the probe moves away-from F = 1.1 to

gbeut -F-= 1,7, where the rate-of decrease- of-potential starts

OorTAMVIA -

o RININVAGET S FY GO




-28-

TABLE 2,2.3 Potential .variation as a funetion of distance;

F Potential F Potential , F Potential
1.1| 2.55993 2.0 | 8.65710 4,0 8,43966
1.2 1.07363 2.1 | 7.22838 5.0 | 4,21036
1.3 .61631 2.2 | 6.10913 6.0 2.40383 ;g
1.4 40430 2.3 5.21735 7.0 1.50206 gg:
15| .28617 2.4 | b.hgsur 8.0 1.00148 ;S:
1.6} .21290 2.5 3.90634 9.0 .70129 _§§§
1L.7|  .16414 2.6 | 3.41785 10.0|  .51026
1.8|  .13001 2.7{ 3.00958 11.0|  .38289
1.9} .10518 2.8 | 2.66533 12,0 .29471
2.9| 2.37279 13.0[  .23170
3.0 | 2.12239 10| .18548
15.0 .15081 fIJ

i
F.= OP/R (Fig. 2.3) - ‘ ‘fl
where OF = distance of the probe from the. centre of ring 1

R = radius of ring
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Fig. 2.6

Potential variation as a function
of distance. (R = 1.)

Scale factor

curve ‘'a' : 1__2
curve 'b! _ 10

The number of dipoles over the
complete ring = 90

F = distance of probe from the
centre of ring.
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to deerease, For values.of F>3, the potential veries inversely

to approximately cube -power of distance,

However, it should.be pointed. out-that the distance
considered here is:the distance:of the probe: from the centre

of the ring.

For the. second case we had consideredia segment
instead of a-complete ring.- Using Table.2,2.25 :we-have drawn.
eurves for two cases 1.e., (1) for N=1lend (ii) N=5

(Fig' 2‘7) (]

For N = 1, the dipole-lies along the exis ox, and the
petential varies inversely- to the square. pewer.of X, as seen by

“the probe moving along: the axis ox.

Consider that-we-ean-represent the potenmtial, V with
a funetion of the type V = Ax~D where A 1s:8 eomstast and B may
or may not be a constanmt. Then, for the .ease, of ‘¢ single dipole
just discussed above, B e -2,. In-case there is mere than one
dipele,-e.g. N = 5, the value of parameter B is feund to be <2,
partienlarly for smaller values of x. However..for ¥arge values

of x, e.g. for x =.13, parameter Bi2. Typieally 1.8 <B «2.
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(Potential carblitrary units)

‘i;i'f X —>

ey

‘,Potential variation as a
function of distance (from-
the segment). ' -

N = Number of dipoles placed
- (symmetrical to axis 0X) on
'the'segment;

o

o 12 14

" "(Distance of probe from segment)
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CHAPTER 3

MULTIPLE DIPOLE MODEL
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3.1 Introduction

mama—

In section 1.3, it was shown that the sequence of

ventricular depolarizatien conld-be described in terms of 2

number of fairly well defined wavefronts (Fig. 1.3 e
From our discussien in gseetien 2.2, we have Seen that any

wavefront of electrieal actiwity. can be represea&ed equiva-

lently, by 2 number .of dipoles.

~ In calculating potentials at & point due to a number

of dipoles (section 2.2), we had 1imited ourselves to unres-

tpicted homogeneously condueting medium. .When-thé;mediumAis

. pestricted equatiens such as (2.2.1) and (2.2.2) have to be

modified to account for the beundary eonditions.. If the medium

is bound by a regular ghape, .such as a sphere, @ cylinden,
dise.or~a’prolate‘spheteidgaequatiens can be derived for a.
singleddipole.placed.anywhere.iaside these reguler bedies [1 - 5].
ies these methods become impractical.

For a large number of dipo
as. ne:.reguler- geometrical

Moreever the shape of-the human. thorax h
form.

Gelernter”andLSwihanh [13] nave .shewn that it 1s possible

to satisfy boundary conditions by an jterative proecedure. In:
ntials are ealeulated due-ze:a“giyeaueonfiguration

o be in an infintte medium. Then

+their method pote
of .dipoles considering them £

Poec P or o2 B 5 2 SN

T b
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boundary: conditions at»a-finite~number'of:areare&ements (m)
ean-be-satisfied by writing "a"- simultaneeus equations. The
resulting square matrix is inverted by an jterative procedure.
The solution may or may not €OBRVErge for = small number of

iterations. Results.ebtainedfcempared'faveurably:yith those

derived through»direet.techniques.

A somewhat similar teehnique has- been :suggested by
Barr et al [45]. -Beth of these -methods rely heavily on the
eonvergence properties of the iserative preeedure: Although
essentially the technique is the same in beth metheds, it has

not been possible to compare the results [46].

In section 1.3, ue.diécussed-the pathway of. ventri-

eular depolarization of the heart., -As & result ef the experi-

mental werk described there, it has been pesstble.te.represent

ventrieular depolarigatien proecess of the heart by g‘suitable

number of dipoles loeated inside the ventrieles [47]. The
scheme envisages the ventrieular mas

of segments,
be represented by a single dipole source. of carrent. Twenty
such dipoles have peen: preposed- (Fig.
time history of dipole.moments~ was obtained via an

of Scher's work [21]. The twenty dipole somrces Were, each,

asseeiated with dipele momens - functions oceurring at & particular

s to be divided +nto a number

such that the eleetrical activity in eaeh segment can

3.41)..The size and the
extrapolation
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(a)

RIGHT VENTRICLE LEFT VENTRICLE -

SEPTUM

(>
2N

/.
e

(b) i
DIPOLE
MOMENT
( Magnitude)
TIME —
Fig. 3.1 (a) .Proposed number of segments with the

equivalent dipole sources.
(b) A typlical dipole moment function.

For details of time history of all the
sources see Appendix IV.
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instant corresponding to. the time of arrival of the activation

wavefrent at the segment.

The model. as proposed above, for the ventricular

depolarization of the heart. is a significent step toward

mnltipleedipolemrepresea;atian.F;It-has been sHowm that these
duce: petentials on the sur-

equivalent sources. ean be -used. to pro

gace of the body in the case of a normal heert and some special

eases of heart abnormalities [u7,. 481.

However, much work. has yet to be done to establish
£ the model in respect of (1) dipele -moment
h. source e.g. its megnitude, time of

the aceuracy O

-funetion associated with eae

A _‘_":: 4
AATTAVAZ A OINITARICD. «—ANA

maxima and the durationand (1) the optimum namber of-equivalent

searces. This could be achieved: either by direet techniques

threugh. further experimensal;exploration of depolarization

process or by mathematieal studies. li

A significant.contnihution in this regard has come
In their work, the dipele moment | )

from Bellman et al [usl.

funetions such as the one .shown. in figure 3.1 (b) has been %

expressed mathematieally as 2 solution of the ordinary differen-

tial equation:

-t )P, 0gt <80 msec
! (3.1)

121,25 -===, M
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is the dipole moment function for the i-th equi-

vy
'

where

valent source.

H

K, - 1s related to. the broadness.ef .the curve.. %%J

ty - is.time at whieh the maximum of the moment occurs.. %{%

hi - maximum value of the moment. § }

M - total pumber of. equivalent sources. %i]

It should be peinted out that this. methematical repre=-. %'V‘

sentation produces the equivalent sources. whieh”are"somewhat fgé
different from the.enes. proposed in the original madei Assuming E

that the sources can be represented by equatien . '3.1), and

T XIS Y

7

. vAar

under certain.conditiens,.iterative technigaes- ear’ be used to
determine a set of parametersf{Ki, ti, hi}-fremfthe surface
potentials such that there is "best" agreement: between the
eateulated and the observed values of the.-sarface .potentials.

The details of the teehnique. are availahle=1n 1iterature [49,

i
H
1
H
i
v

59: 51 ]o . b o P

. In the next seesisnﬁwe~will preseﬁ£~eur;method for

relating & set of equivalent sources to surface eleetrocardiograms

and vice versa.

3.2 - Pormulation of the Problem

——

The multiple.dipole.model shown. in Fig. 3.1, was

proposed. by selvester. et. at:-[47]. They used: this model to
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simulate vectorcardiograms. However, in their:studles, it has
not been shown, whether eaeh of the'assumeﬂgequiwaient“sources
eontributes signifieanzlyuto.the~resu1ting'zeetarnardiogram.~
We have already discussed; - in seetion 3.l;§same,af“the other
metheds for calculating petential resulting from gssumed dis-
tributien of sources.. -A seeend: and more. impertant ‘aspect of
eleetreeardiography-is.to.beuahle to prediet. the ehanges in the

eleetrieal activity of the- heart-from the eleetrocardiograms

appearing on the body.

In this chapter.we will develop a-method=to-achieve the
following main objectives:

(1) to determine the significanee of ‘each of the
proposed equivalent sourees in explaining.theae%ectrecardiograms
on the surface of the body.. The method wiil be ‘used; mainly, to
stady the equivalent sources shown in Fig.- 3.1 Hewever, any
other equivalent sourees,. whose: time histery is kmown, can be
used. -The solution will be valld provided it satisfies certaln
conditiens described.in.sections.3.3 - 3.5...0nee the significant
sourees - are determined,.the.transfenm(coefficientsj matrix rela-
ting these sources to. the.surface electrocapdtograms will be

evaluated. This.will.be;ea&led direct solution:
(2) to determine -whether the tpansfer matrix found in

‘the direet solution can-be-used-to predict the eqaivalent sources
inside the heart from the electrocardiogrameenathe:bbdy. This

i1s known as the inverse problem [14].

I %
i)
1
!
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3.2.1 Method

e !

The time history of potential at point "k" on the body

due-to a number of egquivalent dipole sources can be expressed as:

BN

M : : h i
Yk(t)'=,9k-+.i£1 Aiy Xi(t) ‘ (3.2)

where Xi(t) = i-th equivalent. seuree..

FEREAREF e oo oI ST
(D FrrANLA .

Aik = eoefficient relating i-th equivalent |
. source -to point .*k' on the body. i}
Ck =-constant term 1ndieatin; coptribution égg;
which is not part of equivalent sources.: J?§?
M = total pumber of equivatent -sources.-

It should be neted that the contribution of-one equiva-
lent source Xi(t) to potential Yk(t) is:

= Ay X (%) S (3.3)

But the potential at-peint 14! due-to. a dipole in an .

infinite homogeneousa(condueting) medium is:

P+ r* ;‘
Yy © G _1;%25 (3.4) |
_ ik |
where G. = eonstant of the medium. i
P; = dipole moment vector. |
r;k = radius vector from centre of dipole to

point k
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Equation (3.4) cen be rewritten as: i

P, Cos © |
n -1 ik
vik ='."G ———— (3.5)

2
Tik

where eik is the angle;between;dipole moment-veetor PI and

radius vector r;k If 64 is held constant; egaation (3.5)

reduces to

DAasr

Vix = By Py Dl (3.6)

R T :
WY CMT P TT VA . : s

LT HA

This, in fact, is identical in form to. equation (3.3).

i
VA NTERS

IV

Thus coefficlents Aik have the same meaniag-g;_Bik.if Xi(t) repre-
sents the moment of an eguivalent dipole”whose.direetion is fixed.
The basie assumption in arriving at equatien (3.3) or (3.6) is
that the medium is. infinite. This assumption 1g, justified, if

eaeh dipele (equivalent) souree represents only & small segment of

the heart [14, 471,

Let us return now to equation (3.2). We can write f_

M .
+ I aikxi(t) ' o (3-7)

¥ (¢)
k 1=1

" Cx.

estimated value of Y, (t),c) and ayy are the

where Y(t)

estimates of parameterg,ckfand Ay in

equation (3.2)
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In order to study the-significance of each of the
equivaient sources .in:expiaining body electrecardiograns,
selutions such as..(3:7):should: be determinmed for a large number

of points covering the-entire sarface area of the body -surroun-

ding-the heart. Thus:equatien (3.7) transforms into a matrix

EFBFR R g S T S ey e T Rt

form, ;:
(Y] = [c] + [e] [x] : » (3.8) ‘f |
where [¥] is L x 1 matrix for number 'L' of poimts on the E'
body . | 3

<

[aJis L x M matrix characterizing the system.

WESFY

[X] is M x 1 matrix

L ATNTER

A

[e] is L x 1 matrix

The details of the method for finding coefficlents

a4y and -terms ¢ in equation (3.7), and the-asseeclated tests are

develeped in sectioms 3.3 - 3.6.

3.3 -Least Squanes-Methed.andnaegression Analysis

- .Introduction [52, 53]

We will begin with a simple example. 12t us consider ’ .?'
that we are observing.a quantity Y, which is linearly related k

to a variable X 1.e.

Y, = ot BX .. : (3.9)

i
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where-a and B are the unknown parameters. Given a set. of measu-

rements on Y and.X, our .purpose is to estabitshk the -.re“latilonship

i i

§,=a+Bx,- - o0 (320 l[
- '
where A and B are the values -of the parameters o and B such that 1

|

the estimated values»fi.are.as.elese'as-pussible to the given

values Yi. The straight lime in equation (3.9) is called the

O TTAMNLA :

T X s

line of regression of Y on X.
Now Yi = i-th ebser#ed value of Y
Yi = estimate for the i-th observed. value of Y }
A b
and d. = deviation-between Y, and ¥, ia
i - i i >3
' ~ L
= . am = - - - - - . - ng .
Yi Yi Y-A BXi (3.11) 3
3

We will assume that the error terms di are indepen-
dently distributed (according. to Gausslan disteibution). A
discussion concerning‘this”assuﬁption is. justified and the

associated test will foilow. in the next seetion. ~Under the

3

)

1 3
i

HE

H

i

above assumptlon, the probability of obtaining a.measurement : l

within an interval. dY of Yi is

ay o N2 .

p, = 3. exp [- (Y, = ¥,/ 2] (3.12)
Y 1 17 "eo

where o characterizes parent distribution  from which Yi have been
obtained., For N measurements

N

P = 1 P
1=1 %
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. from equation (3.12)

N
day \N. 1 v
pe (- explrner I (Y -1p)%] (3.13)
o/2n 20 i=1 i i

Assuming that the set of measurements available to us

is the most probable set .ef measurements, the preper value of

Y is the one which maximizes P in equation (3.13). P 1s maximum

for N

L3 (v

o )? minimum
202 i=1

i

thus, the most probable -estimated values Y are ebtained by

minimizing
N A N (3.1
s (Y, -Y )2= I d; =E 3.1
g 104 1=1 1
N
but gE=§ (Y, --A-BX )2 - (3.15)
o1 & i

N L
The quantity E = I d; is known as-the-sum squares b
i=1
deviation, and 1s minimized by assuming

BE/aB =0 and 3E/aA =0 L (3.16)

Applying conditions (3.16) to equation (3.15), we get

AN + B IX; = 2¥
(3.17)

2 -
AZXi + BEXi = EXiYi
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Equations (3.17) are known as the normal equations

where the number of equations is equal fo the number of unknowns.

The values of B.and A are (from the above-equations) :

) NZYiXi - ZXiEYi

B = , !
2 2 .
NEXZ (2X,) i
_ Z(Y1 -Y) in - X) ~'fk
= . I
2(x, - %) 2 133
'3
iy
g._Q ]
and ‘:x;
o K
A=Y -3X (3.18) i
where ﬁ%)
z_1 3 1 Y 3
X=5% I Xy and ¥ = R ¥y %
1=1 =1

3.4 Statistics of Regression Analysis

B
|
E.

3.4,1 Definition of terms and their significance [54, 55]

(1) Variance and standard deviation

Variance or mean square deviation of a set of

observations is defined as

=

1

Ty 2

1

nme
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where N = No. of observations
N-1 = Available degrees of freedom
Xi = i-th obeerved value of the variable
¥ = average value of the variable

Square root of the variance, o, is the standard
deviation. This is also known as the root-mean-square deviation.
Equation (3.19) can also be written as

2 o 1 2 _g(T)2 o
0y * N1 (zX§ N(X)4) (3.20)

(2) Correlation coefficient B

In section 3.2, we determined the regression line

1, = A+ Bxi,~giving a linear relationship between Xand Y

where B = slope of the line
A = intercept of the line on Y-axis
thus B=o indieates that there is no correlation

between X and Y

Consider, now, that we attempt to find the regression line

~ ’

Xi = A+ B'Yi (3.21)
Proceeding, as in section 3.2, 1t can be shown that

. E(Yi_- Y) (X1 - X)
¥y2
E(Yi - Y)

(3.22)

4

et o e S e e e e 8
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and rewriting equation (3.21)

4

A, 13 : '
I = -pt 4 : (3.23)
where l/B,'= slope of regressien- line--

’ .
-A/B = intercept of: regression line on Y-axils

If equation (3.10) is & regression-line passing
through all the given points, then equations"'(3.10")" and

(3.23) should be identical and
B=1py i.e. By = 1, representing perfact
correlation between X and Y. In generai BB" F1, 7in{js%at'ist1ca1

work, the correlation coefficient is thendefined as -

r = /B8 5 (3.24)

using equations (3.18) and-(3.22)
E(Yi‘r Y) QXiNP_X)

r = ' (3.25)
/(Yi - §)§ /S(Xi - X)?
and using equation (3.20)
. 0y, -0 (% - ) a
(N - 1) oy °x‘
e 8 (¢4]163) (3.26) }

(N=1) dy Oy
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Once we calculate the value of r, we- can compare it
with the probability of obtaining a value of r as large as
this from the observations-on-two variables which are not
really correlated (Appendix V). The correlation coefficient

is thus an index of 1inear-relationship.

(3} -Regression coefficient
Slope of the regression line can: now-be- redefined
E(Yi - Y) (X1 - X)
\ 2
3(x - )

]
e ]
NQ kﬂ

(4) Coefficient of determination

let S; = sum squares deviation of ¥
S
then g2 = L.
¥ oN-l
ané S; / = sum squares deviation explainable
X
by ‘the regression of YonX
- 282
e’
c;/ - estimated variance of Y given X
X
2 _ g2
S S

N-2

(3.27)

D TFAWVA

TTAWA. ONTARIO.

PERRPDRIAIVRY

i
9
|
l\
3

5;‘
t';t
"
S
4
]

(3.28)
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then the coefficlent of determination is defined as

g2
g2 =1 - 42 (3.29) .}

Oy

2
where O0gR®g1

If the regression line is such that all the given
points lle very close to it, then R? is very large. However,

as the scatter of points becomes larger, R? becomes smaller.

Thus R? is a measure of the strength of the relationship in

the regression of Y on X. This is also, known as the measure

of goodness of fit. we will denote coefficient of determination
by the symbol "cD".

(5) Coefficient of variation

g B\l
c, = L& (3.30) . Y

v 7

This indicates the ratio of dispersion of the given

points from regression line relative to the average value of

the dependent variable.
(6) Standard error of coefficient (or slope) and t-test
Standard error of the coefficient is defined as

o = J/x
B Sx

where S, = /X(Xi - %) (3.31)

[ S "

VASESY T Y O OFTAWA
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The application of the numerical technique of regre-
ssion analysis will always glve some value of the coefficient
By/x (defined as the value of the coefficient found by regre-
ssion of Y on X) even if no relation exists between Y and
X. Therefore the value of the coefficient has to be tested
for the "hypothesis" that the value obtained is non-chance
deviation from zero. Since estimates of slope are assumed to

have Student's "t" distribution, the test is defined as

B
£ =.—1-—/x (3032)
]
This calculated t-value is compared with the values

given in the table - at a given significance laevel (Appendix VI).

Let T(n,S) be the value of ng" determined from the
table
where n = number of degrees of freedom
S = % significance level for null hypothesls
Therefore:

If t calculated <T(n,S)

Parameter By/x is rejected

If t calculated >T(n,S)

Parameter By/x is accepted.
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3.4,2 Independence of Regression Disturbances _

‘A basic assumption-in the applicationAof least Sqﬁares
method is that the error terms in the fegréésion model ére inde-
pendent. However this may not be true in all-the cases. Thus
it is necessary to test for the independence of error.terms,

The: first major contribution in this regard came-from Durbin

and Watson [57, 58].

They have outlined a procedure to test for the inde-
pendence of error terms based on von Neumann ratio of the
jeast squares estimated disturbances, Q.

where

g{d, - 4, .}
q = 3= (3.33)
zdi
where ° di = least square.estimate of disturbanée in the

regression equation for the i-th point of

" observation.

A significant modification of Durbin and Watsors test -
came from Theil and Nagar [59]. We will limit ourselves to the
discussion of the latter method. Assuming that under the null ,
hypothesis Q is stochastically 1ndependent of its denominator p¥”
(i.e. any moment of Q is equal to the ratio of corresponding -

moments of numerator and denominator) and by fitting a  beta

éﬂl‘{‘m ".‘ - FERCE

STV

E
|
1
!

|
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distribution to the true distribution of Q, the test values of

Q can be calculated as follows: zi:;

2 _ 2 ,
Qs) = =L 4 (n - Lt B (3.34) it
N2 N2 ) ;

desired value of von Neumann ratio at the

where Q(s)

given significance level

total number of variates in the regression

s LTI

J =
solution (=M+l)
X = value of beta variate at the desired signifi-

/

cance level.

P s 1 TR

Equation (3.34) is straight forward except for the

&
NN B PN TN

value of the beta variate nxn.  There is no direct method

= eons s £ 4y

available for computing nx" for a given combination'df N and
J at a desired significance level. Tables - of the Incomplete
Beta Function are available [60], and the~va1ues*noﬁ given

there may be found by extrapolation. We have ‘developed a

‘program for comptuing values of beta variate: for-any combi-

3
i
i

‘nation of N,J and S (Appendix VII).

Thus the procedure for evaluatins'Q(S)‘is’as-folloﬁs: l

(1) Compute von Neumann ratio, Q, from equation (3.33). \1
This is generally included in the-program develo- l
ped for regression analysis.

(2) Determine the values of beta-variate for the

given N and J at the desired significance level.
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(3) Compute Q(s) (Appendix VII)

then 1f = Q<Q(s), the error terms are not independently ?:ET
distributed (Null hypothesis is rejected). Zwy
if  QA(s), the error terms are independently distri- %.€ 
buted and the least sduares estimates are ?

valid., (Null hypothesis 1s not reJected.) é

o rTAnwA

Theil and Nagar [59] have also suggested a method

SV

for re-computing the values of regression coefficients in

case the error terms are not independently distributed., How-

A AT (VAN

ever, in our work, we have found that their method cannot be

applied in a variety of cases.

The correction factor defined by them is :
2 2 2 Lo
N2+ J7 =1y (=22 Q ~ (3.35) i‘ -

F=(
N2 - JZ _.5 NZ - JZ_:S

In figure 3.2, we have plotted the behavior of this :l

factor for various values of Q.

Corresponding values of Q(s) were found from equation

(3.34) according to the procedure outlined. The values are also ]

shown on the figure for the four cases described there.

In cases (1) and (2), we see that this factor 1s zero

at Q = 2.86 and Q = 2.56 respectively, although in both cases




Q(5%)
3.269
2.878
1.664
1.533

N Aredsy Syt T

Fg. 3.2
Plot of factor F

versus von Neumann.

| B4
ratIoVQ.‘”Qt‘is the !;
value -of Q.at F = °°§i’

i
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Q<Q(s) -at the given-significant levels.

On the other hand for cases (3) and (4), factor F

goes to-zero at mich higher values than the desired level Q(s).

Thus for cases where the number of observations is
not very large as compared to the number of variates in the
regression, use of F results in under compensation. When the

number of observations is very large as compared to the

number of variates, useé of F results in over compensation.

From equation (3.35), let Q, be the value of Q at

which F =0

N+l o1 (3.36)

.5N*

Substituting Q(s) = Q, in equation (3.28), we can find the
corresponding value of beta variate, which is X =0.5. Thus

factor F passes through zero at a fixed value of beta varlate

resulting in shifting of significance 1evel for different values

of N and J.

We are suggesting, 3 modification of equation (3.35)

i.e.

p et (Q(s) - @ (3.37)

N2 =-J%2-1
This -will result in achieving a desired significance level

whenever a correction is needed. For some pertinent remarks

S
-4
B

!
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attention is drawn to footnotes in reference [591.

3,5 Simple Regression Model . . . ... T | ¢3j’ii

In this section & typlical regression solution for

the equation (3.2) with numerical evaluation of the statistics

discussed in gection 3.2, will be given. 1In Table 3.1,

values are given for 2 get of observations on the independent

variable X and the dependent variable Y.

In appendix Vili, a digital computer program is given

which will compute all the relevant statistics for this simple

regression model.

The results are shown in Table 3.2,*and“a'plot of

the regression line i1s given in Fig. 3.3, Brief analysis of

the results is as follows:

- Correlation coefficient 1s greater than .75, showing & signi- i,if

ficant'correlation petween Y and X.

TEE = 4.1256 > T(13,05) = 2.16, thus the slope estimate 1is

reliable.
Q = 2.37 > Q(s) = 1.36, thus error terms are {ndependently

distributed.

Coefficient of determination is small (=.533), showing

that the fit obtained is not very good, This jndicates that

there are some other explanatory variables missing, which should

be included in the regression.
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TABIE 3.1 Input Data for Regression Model

(Single Explanatory Variable)

No. of observation’ 'Dependent4var1able ~Independent Variable
N X Y
1 54, 15.
2 19. 16.
3 30. 14,
4 64, 22.
5 60, 24,
6 53. 19.
7 29. 13.
8 55. 15,
9 62. 23,

10 33. 12,
11 68. 25.
12 42, 17.
13 45, 18.
14 39. 19.
15 39. 18.

Note: This example will be continued 1

a multivariate case.

n the next section for

ﬁi
g
5
}r
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TABLE 3.2 Computer output for the data given in Table 3.1

1
L)

Standard Deviation of X
Standard Deviation of Y
Correlation Coefficlent
Regression Coefficient
Constant
Standard Error of Coefficlent
#Tee Value
Coefficient of Variatlon
. Sum Squares Deviation. Explained
Sum Squares Deviation of Y

Coefficient of Determination

14,6672
4,03578
0.752974
0.207185
8.44185
0.0502187
4,12565

.153110
129,283
228.025

.533660

#Test value for null hypothesis at

gsection 3.4.1 (vi)
7(13,05) = 2.16

given signifieancefievel (see

-[Appendix VI]

e e e ot o 1

"l
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Y-GIVEN - Y-CALC - ERROR {;?;
(¥;) () (E,) ééﬁfi
15. 19.6298 | -4,62986 W
15. 12.3783 3.62162 E‘f}
14, 14,6574 -0.657409 ,
22, 21,7017 .298294 g é?
24, 20,8729 3,12703 33
19. 19,4226 - 1422668 ;§%3
13. 14,4502 -1.45022 éi%f
15. 19.8370 -4.83704 5%5?
23. 21,2873 1.71266 égfé
12. 15,2789 -3.27896 o
25. ' 22,5304 2,46955
17. | 17.1436 - .143631 |
18. 17,7652 .234809 i
19. 16.5220 2.47792 %

18, © 16.5220 1.47792

+ von Neumann ratio of the least squares

estimated disturbances

+ Test value for null hypothesis at given significance level

(see-section 3.4.2)
Q(05) = 1.36 ‘ [Appendix VII]
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It has been suggested [59, 61] that in the case of
single explanatory variable, data should be arranged in the
order -of increasing values of the explanatory variable before
- computing Q. Following this procedure Q = 1.62547 in the

-above example, However this is still larger than Q(s).

3,6 Multivariate Regression Model

n——

We will now discuss the model proposed in section

3.2 i.e.
a M
T(t) = ¢ + 151 aikxi(t)

Let
y3 = Y(tj) - (3.38)

X g = xi(tj) -X
where - Y(tj) and xi(tj) are the observed values at t = td’ then

from the criterion developed in section 3.3, in order to find

best possible values of parameters & we should minimize

N M

E= L [y, - I apxyl’
4=1 ¥y oy KL

(3.40)

and the residual constant term would, then, be determined from

‘the relation ”
¢, = Y- %a X (3.41)
k 4=1 ik

(3.39).

1

v O OTTAWA
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To minimize E, in equation (3.40), we must equate to zero each

of its partial derivatives
E,. o, 0B, g=m===-
/aalk’ aE/aazk’ aE/aamk

which for GE , for example, gives the equation
/32,

M N N
alkjilxljxlj * ey J§1x13x2j t--=- amkﬁilxljxﬁd
N
= ¥ y
jo1 1%

We will, thus, obtain a set of M equations in M
unknowns, known as the normal equation. In practice these
equations can be written down by looking at the right hand.

side of equation 3.40 [62].

Let
N
s = I X
mn j=1 xmj nJ
and
N
= 3 y
then the normal equations are
asy Takse T T T nS1m - E1
2801 Y AS22 F T T T T T aSom = B2
1
1
1
2 Sm Y altme F T 7T T 7T 2~ Bm

(3.43)

(3.44)
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In matrix notations equations (3.44) arve-written as:

[s] [g,] = [&] (3.45)

where

[s] 1s a square matrix of order M; 1t is a symmetric : ,j

t =
matrix since smn snm

[ak] and [g] are column vectors.

From equation (3.45)
o] = [s17" [e] - (3.46)

i In our work [s] will be, in general, a high order

matrix.

von Neumann and Goldstine [63, 64] have given &
detailed analysis of problems jnvolved in inverting a high

order matrix. A complete survey of the methods-for'sdlving

equations such as (3.45) appears in a paper by Forsythe [651.
The development of digital computer field nas -resulted in the 31\3

development of methods which minimize the errors that are

intrinsic to the computation [671.

Two of the well known methods [67, 68, 691 for

solving systems of linear equations on digital computer are

(1) Gauss-Jordan Elimination Method (ii) Gauss-Seidel
Iterative Method. In the following subsections we will, first,
discuss briefly these methods and then give details of the

procedure particularly suited for our system.
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3.6.1 Gauss-Jordan Method

In this method, -the coefficient matrix 1s reduced

to a unity matrix. The reduced column vector [g] (see

eguation-3.45) 1s, then the desired solution.

Consider a-general-system represented by

¥
819% t8p¥p v T - S1p*m © E1 E%
N
S Xi # 8poXy t = === S, X =g g
2171 2272 2m'm 2  %”&
! - - (3.47)  F
, g
+ + ' s _X = 3
Sgn*1 T Sme¥e T T T T T T T Tmm En s

. The augmented coefficlent matrix for this system is

S17 812 S13 "TTTTTC Sim  Sin

897 Spp 83 TTTTTTT Som  Son

' N
1 o
'
Sml Sm2 Sm3 . Smm Smn ‘

Wheren =mnm + l,a.nd Sln = gl, sZn = gz ethooo.
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The algorithm for eliminatiﬁg the -off diagonal

elements and obtaining unity digonal elements - is as follows:

At the i-th stage in the elimination process, the

new elements in matrix-(3.48) are

8, 1
{ L
siJ""Eﬁ“"'fOrng’ 2y == ==,1n SEES

'+ 4
skj = skJ - Bijg;; fork=1l,2,=-==~-=, 00 | %%
except k = 1 (3.49) av}

=

i

and for j = 1,2, = ===, 1

..}

=

=T

The elimination process is completed when 1 = m.

AR S A

Gauss~-Jordan method has an advantage in accuracy provided the
matrix is positive definite [69]. Moreover, in the case of

syﬁmetric coefficients, the labor can be cut in half.

3.6.2 Gauss-Seidel Method 0

—

Gauss-Seidel method is based on iterative technique.

Consider the system represented in equation (3.47). We can

write
X, = L (g5 = 845X §1oXpg = = === = s )
178 1 12%2 < ®13%3 1In*m
. = wo= (g, = Boy%Xq = Sp3%g = = = =T 7 80, X)
2 r22 8y = 8p1%1 T F23%3 - on*m

(3.50)

o
=]
n
|
!
g
o
(]
]
wm
=4
n
1
]
!
]
!
1
/2]
=]
L+
=
[]
—
Fea
=
§
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An initial approximation to the solution is taken as

Xy =

- w e -

ol
=]
n
o
R

For the next approximation values from equation
—
(3.51) are substituted into the right hand side of equation
(3.50). The process 1s continued until successive approxi-

mations: for all unknowns are within some preset : tolerance.

Gauss-Seidel method 1s useful for equations which
can be so arranged thatcﬁagonal;elementS'of coefficient
matrix dominate the othef éi;ménts [70]. A sufficient
condition for the convergence 1is

8yl > I8ggl +18gpl + === = |8y, 51l

+18y gl * |8 1l

(3.51)

asir ¥ oF OITAWA
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3.6.3 Stepwise Regression solution using Gauss-Jordan method

From the discussion in section 3.2, it will be seen
that we are not only interested in the final soiution obtainable:

by methods descrived in sectlons 3.6.1 and 3.6.2, but some

intermediate results are also required. For this purpose the

method particularly suited is stepwise regression solution [71l.
In this method solutlons are obtained by 1nc1uding"one expla-

natory variable at a time. The variable included 1s the one

which contributes most to the sum squares deviation: of the
dependent variable. This process 1s continued and at each
step-one more explanatory variable is included. ~This'is

important in studying the influence of each explanatory variable

on the solution obtained.

An outline of the computational scheme is as follows:
From equations (3.43) and (3.45), [s] is a square ;\E
matrix whose elements are '

N s
g.. = L XX -
moog=l mj™n] i

A unity dbagonal element can be obtained in the
matrix by transforming the elements S, into simple correlation

coefficients between the variables xm and xn.
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Thus, from equation (3.26) and (3.43) ;
r.mn = W—_ o.mon (3053) ’; .
and y 3: g
sm l -‘:{'.
glm = . - Umcy (305“) !: .‘.‘ ":‘
N t
Let $ y§
1 (3.55)

z =
-1)o,0,

{
Fd A

,_-;;,,:0 77, SR

Therefore, we can represent R, G and Z as the

normalized form of matrices whose elements are given by

B0

BEy W V; z

equations (3.53 - 3.55).

where R is an mxm matrix
¢ is lxm matrix

and 7 1is a scalar

We can apply linear transformations to the parti- ;i'

tioned matrix: 1(5
— . ,i.

R d I ’

¢ 7 (356 |

-I B c i




Matrix (3.56) is a square matrix of order 2m + 1,

where

() = (6

(3.57)

(B) = (C) = (D) =0 (initially)
I, ® Sm

also C and I are both mxm matrices.

Although matrix (3.56) is of order (2m + 1), it can

be handled in the computer as (m + 1) x (m + 1) square matrix,

since all other terms are 2zero or unity and can be generated

as needed.

At every step, in successive row elimination of R
matrix, B matrix contains the regression coefficlents and C
contains inverse of the partitioned part of R matrix corres-

ponding to the variables in the regression at this step.

In appendix IX, we have carried out, step by step,
computation in the case of regression with three explanatory

variables. The example was chosen from Efroymson [71] for

comparison of results. The statistics of regression model were

caleulated according to our discussion in the-earlier sectlons

of -this chapter.

OREVARSIT
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The digital computer program for carrying out regres-
sion analysis was written in Fortran II, for use on IBM System
1620, - The results reported in section L.2 were obtained on
this computer. The program was modified when the computing
centre at Ottawa University acquired IBM System 360/Model bo.
This program is included in Appendix X with a sample of printout.

PN N

In some cases, if 1t 1s desired to-obtain only the

final selutions, then-the methoeds described in sections 3.6.1

and 3.6.2 can be used directly. For this purpese-three sub-

-
~

¥ o

routines were developed:

(1) SUBROUTINE CORRE

S

[

(2

this subroutine reduces~the-sy$tem given
by -equation (3.7) into normalized matrices-R-and G-as described

by equations (3.53), (3.54) and (3.56). ij
(11) SUBROUTINE SIMULT :
this subroutine solves the system of

equations represented by matrix [R G] by Gauss-Jordan elimi--

nation method.
(111) SUBROUTINE SOLVGS
this subroutine solves the system of

eqaatiens»represented-by matrix-[R G] by-GauSSaSeideifiterative~

method.
Any two of these -subroutines may be used-with a main
program:to obtain the -desired solution. The:dtgitgi computer

-output ‘using (1) . & (11) and (1) & (111) -is-shown in Appen-

‘dtces:=XI and XII.




CHAPTER 4
EVALUATION AND ANALYSIS
OF SYSTEM PARAMETERS
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4,1 Preparation of Input Data

B TR}

In order to solve the model proposed in section
3.1, it is required to record a number of electrocardlograms
on the surface of the body. Moreover the points at which.
‘these-electrocardiograms are recorded should be distributed
. 4n-sueh a manner that we will be able to observe the influence

of each individual equivalent source inside the heart.

For present studles,-we developed the conf;guration
-shown in figure 4.1. A total of thirty points were marked
to reeord the unipolar ECGs. Twenty of the points' were in the
front -and ten on the back. The points were marked 01, 02, - -
--=, 30 and these are the values of the subseript "K" in
equation (3.1). For recording the ECGs, facilities-were made
available to us by the Ottawa General Hospital. Conventional
lead - connections were used. Each unipolar electrocardiogram
-was visually monitored along with a lead II reference electro-
cardiogram. At least three sets of ECGs were photographed.
for-each point. Each set of records contained a unipolar and
. a-lead-II ECG with time markings 40 msec apart. Sensitivity
‘of “the recording unit was calibrated by a standard pulse
- and-kept constant throughout. After ECGs had been taken at
. .all-the points, the photographic paper was developed and the

. :peeerds -were examined. QRS portion of these-ECGS is-reproduced

7Y O
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oElectrodes on the back

+Electrodes on the front|
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(b)

Fig. H.1 (2) General layout of the positions of electrodes for
recording unipolar electrocardiograms.

‘ on between levels 1-6 in figure 'a' has
peen unfolded to show the position of each electrode.
Distance'(in'cms) is shown under each position

(with reference to the middle of front and back).

(») The: portl

. (Subject: | yeight 130 lbs.; Height:5'6")
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in figure 4.2. It may be -pointed -out that the quallty of the

ECGs obtained by us may not. be - the best.possibie-and could be }i

improved through the -use-of-better-techniques. iw
+

Thirty two samples,.eachfaas-msee-aparb,vwere taken

on each ECG for.useAen.digitaiueemputer.;;These:samples.are

shewn in appendix. XIV. Fig.. R,3,-shQWS“geﬁerai:eemputational

procedure used in.earzyiag,outgregressionyana&ysis of the

direet solution.

]
/4
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YOl YOR Y03 YO4) YOS YO6

YOT YO8 YOS YIO Y

ﬁ./l/

)

Fig. 4.2 QRS portion of unipolar ECGs, taken at position
as shown in Fig. 4.1 Duration of each wavefront
is 80 msec. - Y2U and Y25 have not been shown
because their patterns were not discernible.
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Fig. 4.2 (continued)
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Yy ), je1,25 N

READ ECG

Fig. 4.3 Flow Chart for
Outline of computa-
tional Procedure to
obtain Direct Solutlons
for ECGs at number "L"
of points on the body.

l

COMPUTE
Oik

|

COMPUTE
Statistics

[DESIRED
Output
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4.2 First computation

-The-sample~values”e£.£he;eieetreeardiegrams Y01, Y02,
- ===y Y30- (Fig. L.2), were: punehed-en eards,- one set of
cards-for eaeh-eleetreeandiagzam._vSimilarlyezousets.of cards
were prepare&.fer.zhe.equiﬂaleat:seurees~£Appendixflvaand4x111).
ThuSrfer-eaeh;elezsrncarﬂiagzam,umni&ipieuregress&@n solutions
were-ebtaiaed;bynsakingnshe;aaweqaiﬁalenseseureeseinside the
heart as-explanatery varishles.  -The digital:eomputer program
is:given- in- apperdix X.. smhe.pzegnam~uti1izesustepwise'procedure
asvdeseribed.1n%sectianu3;5...Inaxhis.pfeeeéuxeguatreach step,
enly snepexplanaiony.xariahle.is”ineiaded,sthe variable .
included is the one which.eontribates-mostvinﬁexplaining* the
given electrocardiogram. Thus explanatory variables-:(equivalent
‘sourees) are-entered-inte. the solutionsiq.erder:of:theif signi-
ficance in explaining;sherg&yen:BCG. The-solution can be
stopped at a predetermiaedAlexel i.e.-- when=Rew variables

entering,<do-not;impreyeushe.preeeding~solution.

- Fig. 4.4, shows a.typiealuselutisnszabtaine&“&s*the number
of equivalent«seureesninelnéed:in—thevsoiutien.is*increased. :
Table 4.1(a) - Lg)"giyesuthe:yalues~ef-theweeefficient of
determinatien~a£:eazh“szep»efﬂregressieareeiutienfi;e., when a

new explanatory.variableaisﬁineluded. - We have chesen this to

¥ The term~"explainingﬂ_s$ands;£enaﬂexplaininggtheasum squares

dewiation of".
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Given ECG (Y04) —
Computed values

o=one equiv.source(XI5)
A=two equiv. sources

o = {welve equiv. sources

Typical solutlons obtained for a given electrocar-
diogram when the number of equivalent sources included
in the solution is inereased. The equivalent sources
included being in order of their significance in
improving the preceding solution.
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study the behavior of. solution obtained. . Consider, e.g., the
regression for eleetroeardiegnam;YOi:(Table.h;la),- In the

beginning, as -the. number of explanatery-variabies;increases,

the-solution improves.. However, after & eertain number of

explanatory variables. have been ineluded, admission of a

_new-variable does not improxe the -selutien. This 1s due to
either. of the. following reasons:
(1) The new .explanatory varighle eentributes very

1ittle in explaining YO1.
(2). The new explanatery.variahle is almest identical

to the one already included in. explaining-¥0I. -

Studied as an isclated ease, tﬁe»seiutienvshould be
stopped at- this. stage. In faet suech 2 provision 1is embodied
in the computer program.. However, in the imtegrated systems,
like the one we are studying, we will postpone our decision to

exclude certain variables until all the -selutiens YOl, Y02,

- - = =, Y30 have been obtained. S ;g\»
;; =

Table 4.1 also demonstrates some other features.-of interest. ﬁﬁvi

The coefficient of determination obtained in cases Y05, Yil,

Y12, Y14, Y20, Y26, Y27, y28 is not very high and-therefore

these eases-do not represent very good fit.

PR I AC ST RN it

Y09, Y17, Y18, Y19, Y20, Y28, Y29, Y30 show similarity
in that regression in these cases starts with explanatory

variable X09. Similarly in the case of Y02, Y03, Y05, Y06, Y10,
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TABLE 4.1 Sequenee - of - inelusion of explanatery“variables and thei’

correspending changes in the goodness of fit.

(a)

Y0l Y02 Y03 You

X cD X cD X c0 | Xx.|..c0.

LTI

U VERSFT T ORI L PR

xo7 | .84026 x20 |.,79961 | X20 | .69354 -1 X15.. .78748
%02 | .90596 x03 | .92222 x08 | .90507 - | ¥o08 | .87860
X05 | .93451 x12 | .96745 x10 | .97299 - | X05 | .97670
X08 | .96400 x17 | 98229 X4 | .97873 xo4 | 298339
x01 | .96845 x05 | .98436 x13 | .98415 - | X14 | .99096
x4 | .97160 x18 | .98504 X18 | .98606 X11 | .99308

ABIO, CANADA: .~ T

w18 | o771 | xo7 |.98539 | %03 | .98884 | X0 .99460
w06 | 98029 | xw0 |.98555 | Xou | .98863 | X03 } .99551
x10 | .98908 | xo9 |.98770 | Xo5 | .98845 | X1 .99653
woi | .o0133 | xo1 |.o8807 | xa6 | .98822 | Xi6 | .99THL o
xo3 | .99356 | xou |.98763 | x09 | .98801 | XIT .99745 g;_i
w7 | oouoo | 3 [.o8719 | ma | .o8reL | X10 | 99748 f‘)
w6 | ogs10 | xi9 |.osssr | w06 | .987s0 | X3 | 99T !
x5 | o953 | xu |.9e7a9 | x19 | .98728 | X8 .99736
x13 | .99613 | x15 |.98669 | ¥o7 | .98701 | X02 .99755
x12 | .oo6u8 | xu |.98609 | x17 | .98633 | XOT 99749
x19 | .99656 | x06 | .98573 X01 | .98554 X06 | .99733
X11 | .99694 X08 | .98481 X02 | 98475 x12 | .99714
x09 | .99681 | Xo02 |.98357 | ¥12 | .98395 - | X0 .99691
xe0 |.9966- | %06 |.98208 | XI5 .98280 | x20| .9966%

YK = Electrocardiogram at point K of the body where K = 01, 02, -
o - - -, 30 as shown in figure 4,1 and 4,2.
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Explanatory variables as given in appendix IV
-Coefficient of-determination as a measure-of goodness

of fit described in section 3.3.1

i
I

BT 7 7 D R R B KT

ABIO, CANADA, .~ T o

:
!
i
i
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Y05 Y06 Y07 08

X oD X co x | o X ] |
20 | 70735 - | xe0 | 88797 | x18 | .83411 | Y18 .85810

x19 | .89374 x4 | .2842--] xab | .91058 -f--X66"] .90622

X02 | .94162 x15 | .94316- | X07 | .95464- | -X19° 95491

o1 | .ougno | xay | .ougeu- | xu1 | .97as56 | -XI3 ,96266

s18 | ou7us | xou |.97232 | X19 | .98207: -} X2 | 96513

xi3 | .o6243 | 05 |.97879- | Xeo | .98387 7} %03 97062

xo8 | .o7166 | %08 | .98022 | X09 | .98UAT -| X6 97944

s06 | .g7708 | xo7 | .98615 | x02 | .98626 |- X08 .98074

X16 | 97856 18 | .98852 X15 | .98817 -Xo7- | .98258 &%
xos5 | .o7826 | x12 | .98930 | X06 | .98895 - Xi5 _.93581~-" 3
12 | .o7805 | xo6 | .98929 | x13 | .99241 - X7 ,98819

xor | .otz | xu1 |.o8896 | x6 | .99158 | X6 98966 | I
xb | .o7798 | xw0 |.98926 | x03 | .99239- | "X03 .99054 !zfﬁ
x17 | .o7861 | x16 |.98910 | X4 | .99155 - X05 | .99076 J;:
xos | .97769 | xon |.o8860 | W2 | .99243 -|--X20 .99154 %fki
x5 | 97668 | m3 |.98802 | x7 | .99230 | K 99199 -
10 | o538 | x09 |.98739 | x05 | .99083- | KLk | 9917

w1 | .omos | x03 |.o8661 | x08 | .99056- | K01 99119

x03 | .o7222 | %oz |.98557 | o1 | .99033 -| X0 .99063

xob | .o6977 | x9 |.98429 | x10 | .98981. - IO .98979




(c)
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Y09 Y10 Y11 Y12

X oD X e X oD X cD.
%09 | .84718 | X0 | .91083 | x10 | .73867 -} 'X10 | .69887
w08 | .ar008 | xo7 | 95052 | 306 | .79900-| x02 | .73751
vor | .on2us | xau | .95624 | %02 | .89591 | XI4 86207
wob | .o5095 | x18 | .96204 | xo01 | .90543 | X0y | .88716
x19 | .96963 | xa9 |.98426 -| %05 | .91651°{- XI5 ,90002
x20 | 97766 | %08 | .98776 | x08 | .92756 | "X05 .90998
X03 | .97783 x06 | .98922 | xo4 | .94193 | X19- | .91980
xio | .o8246 | x11 | .90187 | x20 | .oMo1k | X0 | .92585
i1 | .o8138 | x12 | .99259 | x18 | .95095 -| xo1 | .92432"
X17 | 98143 X16 | .99283 %03 | .95133 - | X04 | .92235
18 | .o8127 | x02 |.99297 | 7 | .96089 | -X20 | .92024
x12 | 98280 | x5 | .99402 | xo7 | .96138 | -XOT | .91917
x02 | .osust | xod [-.oous6- | xi1 | .96239--|Xe8 | .92602
x13 | .o8703 | x03.).99635- | X4 | .96032- |- X03- | .92298
x16 | .o8745. | xo5 | .99642--| Xo09 | .958:2 -|: KT .92214
xib | .987s0 | xa3 | .o9672 | 3| .95547 | x18 | 92865
xo7 | .o8801 | x17 | .99670- | %12 | .95234-1- Xil .91710
X05 | .98816 x10 | .99651 - | X19 | .97872 |--Xi3 91114
X15 | 498726 xo1 | .99622 | X15 | .qussg--| X16 1.90389
xo6 | 98621 | x09 | .99588 | x16 | .93945 | x12 | .89515




(d)
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Y13 Y14 Y15 Y16 -

S S > X cD X | oD X cD
102 | .82329 .| xo08 | .74529- | x4 | .54870--}-:X1T | 84322
x20 | .85368 | =x02 | -.81443.. X05 82816 |- “xe2| .87908
x19 | 95118 | x| .92216-| X06 | .89067 | X09 96781
xi1 | .o6370 | %05 | .93200 | x12 |.93715 | X0l | .97460
xib | .omu3s | xe0 | .9u611 | x16 | 95134 -|' X0 [ .976535
xo8 | o737 | xou-| c95107 | x10 |.96246 - X18 | .98083
xo5 | .98281 | x15 | .95851 | x08 |.97675 | X05 | .98405
x18 | .o8502 | x13 | .95801 | xo4 [.98196 | X08 | .98530
x13 | .o8671 | x| .95931 | x15 |.98566 | Xio0-| .987H9
X09 | -98859 xo1 | .95878 x11 |.98603 | X19 | .98839
xo3 | .os083 | xo7 | .95801 | xo9 |.98800 | ‘Xi6-| .98909
xi7 | ;99061 | x0 | .95723 | x13 |.98783 | o | .98911
x15 | .99024 | xo9 | .95633 | x17 | .98731 |- XOT ,98865
xto | .o8982 | x19 | .95534 | o7 |.98669 -| X15 | .99085
x06 | .98929 | x18 | .95368 | x20 |.98615 | -Xih | .99137
xo1 | 98869 | x03 | .95114 | Xo1 [.98536 | -Xi2 | .99133
iz | .98791 | x7 |.oussg | x18 |.98438 | X13 | .99096
x16 | 98700 | x12-| .94530 | X9 [.98331 | 'X20 | .99032
ou | 98593 | %06 | .94303 | X02 | .9820 x11 | .98962
xo7 | .o8u66 | x16 | .93974 | %03 |.98038 | X03: | .98867

ARIO, CANADAL R T
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(e)
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Y17 Y18 Y19 Y20
x| o x | o x |.o | x| o
x09 | 69288 | xo9 | .83886 | o9 |.8u799 | X09 | .79337
x18 | 81439 | x9 | .86520 | x08 | .86846 | XoI'| .81372
xo8 | 87836 | x5 | .93970 | x02 |.92546 | X08-| .88081
o2 | .g6002 | xo7 | .96746 | xou | .9u143" | X02:] 93462
vo3 | .omae | mi1 | .omeer | mo9 |.95208 | xo0°| .93802
xiz | .o7619 | x4 | .98193 | x11 | .96828 | X05 .94100
xol4 | .97618 Xo08 | .98193 x03 | .97353 | X13 | .95705
xo6 | .o7655 | o2 | .98us6 | x1w0 |.97925 | X0 | .96579
xi9 | .98187 | x13 | .98593 | x18 |.98527 | X19-| 97057
x10 | .98239 | x18 | .99058 | x13 |.98680 | X20 .97410
xo7 | .98303 | x03 | .99128 | x16 [ .98689 | X03- +97599
as | osesr | xo | .oome | ma |.ommrs | w7 | omsr
x16 | .99038 | xo06 | .99u13 | x5 | .98921 xit | .o7668
X05 | .99388 X16 | .99u34 X12- | .98936 - x18 .97606
X13 | .99379 Xo4 | .99436 X05 | .98904 | X12 | .97499
o1 | .99364 | x7 | .99435 | ¥a7 | .98853 | XI5 .97361
X20 | .99327 X12 ‘99uuu' x06 | .9877% | ‘xou | .97278
X4 | .99276 X20 | .99438 x20 | .98685 | X17 | .96964
X11 |.99217 X0l | .99400 xo1 | .98578 | X16 | .96717
x17 | .99146 X05 { .99348 Xo7 | .98450 X11 | .96418
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(£)
v21 ¥22 w3 ¥26

D CD X cD X o . .|. x..}.CD"

qas |.78432 | xs [.78803 | x4 |.9i722 | XIO 54802
o8 | .g0711 | %03 |.o0638 | x5 |.96075 | X02 L4161
o1 | .92044 | 05 |.94578 | X06 ,96125 | "¥03 | .92465
x5 | .93323 | %01 |.o7789 | X09 |.97201 | XI5 .94860
X09 | 97314 X09 | .98591 x08 | .97808° | X19 |.95120
x5 | .o7656 | %07 |.98795 | X03 |.98217 | XOH .95356
xou | 98211 | %20 |.99027 | xa9 | .98685 -] X1k 95678 e 2.
w03 | .osuo1 | x5 |.99185 | X05 |.98915 | XO7 95897

x13 | .o8s0n | xou |.99255 | x1 [ .98938- | 'X06 96122
xo6 | .98763 | x02 | .99285 | X7 |.9906% | %20 | .96565
x19 | «98999 | x8 |,99304 | X16 | .99203 -} x7 | .96509
x18 | w9921 | x3 |.90%32 | X3 |.99296 - X08 |'.96458
xo7 | .99275 | 06 |.ogw31 | x10 |.99292 | X13 .96311
X20 | .99492 X11 | .99491 X01 | .99167 X12. | .96212
xi2 | 99529 | 2 |.99528 | X7 | .99345 x05 | .96081
w02 | .oos26 | w7 |.o9529 | xou | .99105 - | X09 | .95808
xi1 | .oou08 | x08 |.99515 | X18 |.99064 | XiL .95664
X17 | 299468 X10 | .99489 X20 | .98993 X16 l9538§
xio | .ogu23 | x19 | .99450 | X02 | .98910 x18 | .95037
x6 | .g9371 | xi6 | .99m00 | x12 |.98811 | 01 .94594




(g)
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Y27 Y28 Y29 Y30

X cD X cD X e x| o
X20 | 67174 x09 | .56082 X09 | .68497 x02'

x19 | .70516 x02 | .75857 %08 | .72099 | X10

X12 | .6955 x03 | .93588 x02 | .95436 | X08

X15 | .82681 x15 | .94797 X1k | .96660 | X0l

X18 | .87564 X18 | .95599 X15 | .97455° | -X18

x11 | .91217 X14 | 95571 X19 | .97830 - -|-X06

X09 | .92874 xo7 | .96279 | X04 ,98036 | XI9

xo7 | .94303 | X05 | .96390 x06 | .98054 | X05

X13 | .96194 X06 | .96638 X03 | .98104 | Xo4 ,98586
X14 | .96199 X19 | .96862 x10 |.98388 | X13 | .98609
X05 | .96433 X11 | .97056 Xo7 | .98389 X15 | .98639
X06 | .96847 x16 | .97131 X16 | .98427 x07 | .98717
Xo4 | .96897 x12 | .97088 x17 | .98384 X16- | .98802
X03 | .97551 x20 | .96973 x12 |.98313 X20 | .98822
X02 | .97502 x08 | .96812 xo05 | .98270 - | X12' | .98809
X17 | 97624 Xoh4 | .96641 x11 | .98218 | X09 .98831
X16 | .97484 X17 | .96429 X13 | .98104 X03 | 98777
X0l | .97303 xo1 | .96185 xo1 | .97987 - | x17 | .98814
x08 | .97096 X10 | 95894 X20 | .97836 X11 | .98727
xi0 | .96833 | x13 | .95524 | X18 97646 | X14 | .98633
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Y27, regression starts with X20; in case of Y15, Y21, Y22,

Y23, regression starts with X14,

In table 4.2, we have given partial summary of the

statistical evaluation of regression solutions. - One important ? fﬁ

parameter to note; 1n addition to the coefficient of determi-

nation discussed already, is the von Neumann ‘ratio of the

least squares estimated disturbances, Q. The-significance

level Q(1%) = 3.132 (see section 3.2.2 &. Fig. 3.2). Thus in

all cases, the solutlons are less than satisfaetory except Y17.

However for cases where 2.5 <'Q < 3.132, the solutions do not

represent a poor case.

Table 4.3 shows the coefficients determined from
regression solutions. ‘Since we have already pointed out that
the regression selutions obtained are not very satisfactory,
the values of the coefficients are not of immediate importance

to us; except for the t-test that will be deseribed shortly.

These values, can, however, -be used for comparison when a modi-

fied solution is presented. . f.é

P B4y ~ (From equation 3.32,
ik - Standard error of a,, ‘section 3.2.1 (vi)

These computed values were compared with o

T(11, 10) = 1,796 from the table in appendix VI.
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TABLE 4,2 Partial statistical evaluation of regression solutions

CVR SDR MSDR cD Neunann

Q.

101 | ~-.22479 °1.12835 |. 1.27318 . | .99660 2.95488
Y02 -.30971 2.13704 4,56696 .98208 2.49734
Y03 -.80093 1.52678 2.33106 .98280 1.97020
Yol -.24159 .63870 40794 .99664 3.14992
Y05 | =-.85347 1,40822 1.98310 96977 2.36541
Y06 -.17821 .71005 50417 98429 |  2.32486
Y07 -.11996 . 79440 ,63108 98981 | 2.96752
y08 | ~-.12077 92578 gstor | o899 | 3.08807
Y09 -.13909 1.73039 2.99426 .98621 2,75232
Y10 -.08568 1.07935 1.16500 .99588 3.00213
111 -.65616 3.48590 1,21515 93945 2.25399
112 72461 5.69726 32.45878 .89515 2.39600
113 .52249 1,74055 3.02952 .98466 2.58024
Y14 .88525 - | 2.81620 7.93100 .93974 | 2.43067
Y15 | -.54729 1.25023 1.56309 .98038 2.81852
Y16 -.10618 .50170 .25170 .98867 - |- 2.83360
v17 | -.10294 47931 ,22974 99146 | 3.22005
Y18 -.08423 44565 .19860 99348 | 2.9744k
119 -. 14443 1.19065 1.41766 .98450 2.74928
Y20 -.26019 2.1047 4,42980 .96418 2.70682
Y21 43779 .39401 .15524 .99371 2.55216




- 90 -
TABLE 4.2 (continued)
von
CVR SDR MSDR CD Neumann
g
Y22 53175 .28581 .08169 99400 2.61008
Y23 -.15182. 13427 .01802 .98811 3.18576
Y26 .56873 1.40674 1.97891 94594 2.76703
Y27__ .31629 1.22763 1,50709 .96833 - 2.60228
Y28 .40883 - 1.29116 1.66840 95524 | -2.58303
Y29 27742 1,03601 1,07331 97646 2,53741
Y30 .16346 .81886 67054 .98633- 2.69363
CVR = coefficient of variation
SDR = standard deviation from regression
MSDR = mean:squares deviation from regression
CD = coefficient of determination
Q@ = von Neumann ratio of the least squares estimated disturbances

(see-section 3.2.2)

AR ANADAL o e

‘
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In table 4.U, results of this test are shown. A "T"
entry shows that the t-test indicated the corresponding’expla- 
natory variable to be nyrye™ or significantly different from

zero and an "F" entry shows that the t-test indicated the

explanatory variable to be "false" or.not>significant1y

different from zero. Thus e.g., for Y01, & "I" is shown

under X03, implying that there is a signifieant"contribution

from X03 in explaining Y01. A vertical line has been drawn

when none of the variables are significant=1n=exp1aining the-

given ECG.

We will now state -the principle upon which certain

variables will be excluded from the system.

Exclusion Principle:

If a particular equivalent source (explanatory vari-
able) does not contribute to any of the: eleetrocardiograms
recorded on body surface surrounding the -heart, then that

source is not significant for the system and can be excluded.

Invoking this principle, we £ind-from table 4.4, that
sources X01, X02, Xil, X12 are to be excluded.- It:1s important

to point out that these sources have been- exeluded-on’ the basis

S

of regression analysis of ‘the ECGs Y01, -Y02, = ="= = Y30.

The particular equivalent sources -that are found to be

significant, depend only on the sequence-of‘ventricular
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~ TABLE 4.3 Coefficients ,a-ik

‘obtained from ‘regre'ss.i.bx_'; ‘§0}‘utionf T

with twenty explenatory -yariables -

— NO. .

(Source) Y01 Y02 yo3 Yo Y05

5 01 -0.40642 033456  =0.61717 -0,06201  =0.38092
0p  2.81940 -0,58259  1.92254 ~"=0.1145% -0.83696
03 1648798 15.70022 _ =4,90001  7,06951 - =1,26007 -
0f -15.11219 23174 3.30334 =10.80438 —0.86458°
05 -3.36120 =T.75191 =5.50902 -1.20591  =2.T1471
06 0.30609 ~-2.30722 626175  =0.85651 ~4.58234
07 5.27339  3.43707  =5.42972 1.67056 _ =5.06084
08 1.80677 =0.54432  3.85215  2.6421 0.55114 -
09 122880 -2.19185  1.35378° y.07840 1069070
10 1.29535  4.08661 =1.72877° -1.08516 065514 ¢ .
1 9.04616  2.22647 ~2.9923% -1.04618 1.08366 .
1p 2.51175  0.18900  1.21318 0.24008  0.35673 . ||
13 3.30124  2.55612 3.52779  0.85238 s.o0e47
14 -0.14905  3.47842 1.25303  =2.94236 - 3.52048 g
15 -10.23590  =8.32773  3.22051 0.94232 _ =2.48004
L6 -1.00764 —0,26388  -1.06150  2.25207 13429
17 -9.36436  =4.93098 | 0.32907"'?1.98687' "5;44484:7ifﬁ~m“w"-w‘
18 -18.62627 ~ =8.29636 »-3.46237f“~-2.47001-1-L9520755;iﬁ;
19 —4.40345  =3.85004 | =3,864T1 133405 0.46172 gt
20 -1.42257 =6.73604  =5.34767  -0.24922 =5.82085 I
¢, 0.56164 0015361  o.76148 015839 . 0.72115 f7'”“”:”*””

(constant) | o - -

‘L:A‘l;.':j!f.'l’f,'
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_TABLE 4.3 (continued) _ )
(Source) Y06 Y07 Y08 Y09 Y10
| o] -0.19458 =0.32039 =0.22581 C1.00547 . -0.0636T

02 0.34231 ° 1.69497" 1.04150" - - 026295 ~* =0.85779 v
03 =0.83079 =6,11666 =2.18741 -9,6798]-  8,74780
of -3.23709  0.41678  -1.19860 9.1773° -11.10252
05 -0.36617 =2.28236 -3.22292 2.09622  -4.55793
06 1.97948  2.79402° 7016142~ 1.59532  4.54061
07 _3.99180 =16.93741 52.06186 _ =8.13302  =4.22658
08  0.89944 . 0.6409  1.80731 -2.54545  2.52201 .. "
09 0.49709 =-1.97862 -1.50620 e 12437 =0.14663 |
1o -0.89989 ~ 0.73560 < =0.16324 3.32508  =0.25166 77 e
11 =0.68291 =0,15500 =0,91395 51613 —l.SIETL
1p 0.28999  0.42228  1.4B467 -3.21439 20.12065 . .
13 0.33924 —0.88489 _0.37123  -3.24839 1.48947 .|
1y -0.32133 - 0.70364 -1.03703 - 4.73137 =5.205537 ,j*%§>*fﬁ~7f
15 1.06922  10.34620 1297452 =2.41836 0.20180 .
16 1.00009  2.47433  5.29829 4.76850  4.63215 Lo
17 177346 0.70295 © 153002 7.675% < -2.95825.
18 -2.95180° 2.73492" " -1,25219 ~ "10.59560 -9.44492 "
19?7-0.22857'“';2.77?75'3*-5.55905 -3.81483 -~ 0.12219
o0 1.21176  0.26997 T 325706  1.78245  =0.20695
, -0.17821 6;27125”fffo;638£4““”40;77053;”7.6J§3675TT;




TABLE 4.3 (continued).

-0.38603

=0.12697

10.42647

No.
(Source) Y1l Y12 Y13 . Y4 Y15
01  0.72654- _ 1.01390 =0.29100 ~ =0.33043  0.26272
02 0.35921 =N.38075  2.38282 =0.84964  ~0.48671
.02 16.13997__ 15.75147 =6,06316  S5.64341 =0,23293
04  3.80087 | 14.23772 =0.80063 -15.37970  6.68417
05 =-6.84186  3.61967  0.68639 -10.86128  2.22686
06 -10.01866 =5.52664 =2,06763  =6.98254 - =6.98320 -
07 1184092  44,98795 . —0.89605 =13.56726 _ 3.96259
08 =-1.38368 - =4.52119  1.35758  7.52383  -2.32373
09 -1.32720 =5.64555  3.3497L  0.22028 CU3.22187
10 4.00930  6.97537 =0.88763 =1.87394 -1.11151
11 1.87777  =4,01437 _ 0.TT757 _ 3.12520  1.22671
1o 0.66493 =0.07666  0.37848  3.12119  0.35903
13 0.55397  1.21004 3.90533 =0.17577 =-0.50013 . .
14 -2.78631 ~-13.32380  3.81951 -9.87365  2.15307
15 1.68048 —11.85732 _ =3.11734 _ 23.65585 =10.50070
16 0.27217  1.50520 =0.,23886  3.57256 -3.87425
17 -14.67356 =15.16207  4.21408 -5.87941  1.61149
18 9.42265 =-13.35348 < =9.62564 5.96297 - =1.35368 "
19 -1.00207  16.75470  1.62470  =6.49090 0.92092
20 ~10.40102 ~ -1.01923 =8.08435  1.83541  =0.60854
c 1.27889  =0.24928




TABLE 4.3 (continued): .

0.11055

No.

(source) Y16 . YT yig v Y20
0] -0.10222 =0.15591 =0.06585 =0.06996 10.18493
02 -1.09061  0.59167 ~ 0.86490 °  2.46692 1.79687
03 0.6037] _=3.11292  =4,37128 =6,21531 _=2.1133%

Oh  2.45061  1.00522 - 2.47301 3.14464 - 0.61125
05 -0.18618 -2.20330  0.22922 1.21185  0.86517
06 -2.26326  2.4TT66  2.89069  =0.97649 7.59447

07 5,18982 =12.62910 =7,54632  0.57976 -11.85680

08 -1.36135  0.52783  =0.44158 -1.51050 -0.03961
09 1.02366 =-0.71927 -1.T7741 ~4,98112 -5.17232

10 -1.61827  —-0.06280  0.85769 3.82381  2.94339°
11 0,21550  =0,07801 =0,62165  2.65722 -0, 05965

1p -0.79501  0.59971 =0.57495 -0.98456 -0.72084

13 0.28700 =0.29490 =1.72619 o1.13799  —2.16357

14 1.25768 =0.10471  0.03102 "~ 450810 1.76421
15 _=-5.89683  7.93221 4,78475 _=8.11335 2.89609.
16 <1.85576  2.93684  0.56108 -4.06832 . 0.62221

17 0.51079 0.03131  0.94919  1.35909 | -1.01346
18 -0.96158 = 1.54397 4.30418 ~ =4.76372  3.79798
19 1.91940 =3.35813 -0.78566  =4,76372  =6.63768
2) =0.50978  0.34677  0.93439 -0.67593  4.89394

C. 0.09493 -0.09233  0.09591 -0.31170




TABLE h.3.} (cpntinued)

-o.o§555

“No.
(Source) Y21 Y22 Y23 Y26 Y27
01 -0.03043  0.02556¢  0.03405 =0.09198 0.18691
02 0.41806 ~ 0.06657  0.01838  —0.48356 1.18202
03 —5..?6491 -3,0R316 n.82359  10,16859 -4 81 T08 _
0f  4.01832  1.70280 =0.23009  -9.13160 7.25915
05  0.60023  1.51761 =0.63946 -2.17504 -3.92643
06  1.91637 ~ 1.66145 =0.86784 ~ =5.97785 . =1013310
07 =4,37125 . =3.99406 =0.77944  1.3718] -7.70965
08 0.15180  0.07383  0.09439 0.74591 =0.22180 .
09 =-0.98746 =0.63122  0.24293 _0.72972  0.51858 W
10 0.00351 < =0.19698 =-0.06598  0.65099 0.062644
11 0,22313  =0,34263  0.23232 1.01155 286348
12 -0.27973 =-0.39828  0.01254  1.50775 -0.25105
13 -0.58107 =0.40216  0.06275 -0.25919 —o.e04l0
14 1.17021 - 1.68128  0.05692 -3.50803° 0.89579 " - |
15 2.60414  0.09753 —0.51339. 411406 1024922 |
16 0.00026  0.01951 ~—0.20313 -0.67089 ~1.23476
17 0.41783  0.90701 =0.23039 L2.74897 -2.86271 - -
18 3.34047 - 1.52215 - 0.17898  1.21731° 14006262 T
1q  =2.29257 __=0.18201 =0.10285 119510 ~T.46334
20 0.86062  1.29123  0.03163  0.9061% -5.87256 - . .
C. =0.11590 -0.13236 " 0.16683 .0.62725 .




TABLE 4,3 (continued)

No. o o
(Source) Y28 ....” Y29 . ¥30
01—= = = '

02~ o.ozose-—-1 12771—0: 57832--——— -

03"2 69880”’ 5519812~ ””‘2"48085'—”

11-2.23010 -6.,05118 -0.30648

e o m—— - —————— e o v o .
o a5 Am e A ot

‘05 -3 32409 -2 24980 -1. 45297

e s e e e e 4 SO

06 =6.62497 =4.18909 4.2583C

' ,'073 4.67893 3.77055 -9, 6832

P o ersssmss,

"08 0.59272 1.68584 2.19,41@“._

ogwwuL—

105~ 0.53908 - —=1.79659—1e87103— .

11 771.945397 70 LR58827 7 =0+46297

12‘ 1.30208 = 1.24266 1.27178%

13 -0.10648 T 049729 0465024

14 '-3.85842 -3 13767 -0 62380

e v— Arn ——o——

| 15-j 3.89896 3.27307 664568

":16 21.09263 . —0.95102_3.22847_ .

17 o1.34R37 _ =2.00762 2.695C0
_18——«-2 834zz~——-o 53362—=3.11700 =

19 -0.15331’“"”"0 81107“‘"—3 87842

20 7=T.Z9507 -C.55671  1.73648:

k

SoooT e s
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Truth table derived by invoking t-test on the

coefficients of regression

TABLE 4.4
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depolarization process and are independent of orientation or
position of the heart inside the thorax as well as the body

build.

By -carrying out preceding analysis in a-variety of

normal- cases, we can determine the equivalent sources that

NI UL IO ¥

represent normal eleetrical activity of-the heart,

4,2 Second Computation

In section 4.1, our analysis showed that variables
X01, X02, X11, X12 should be excluded from:the system. Thus
we have re-computed all the results, now with 16 explanatory

variables only. Table 4.5 (1) - (7) is-drawn:similar to

table 4.1 (a) - (g). As should be expected, the order in
which explanatory variable enter regression solution is- the
same-as before until the excluded variable -is:encountered.
The -order changes thereafter. The coefficient of determination
at the end of each regression solution has changed, but not
greatly., However, the solution does not degenerate as much

.as compared to the first computation.

Table 4.6 shows the partial statistieal evaluation.
of the regression solutions now obtained. This table should

be compared with table 4.2,
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TABLE 4.5 Sequence of inclusion of explanatory variables and the |
corresponding changes in the goodness of fit.
(X01, X02, ¥11, X12 excluded compared-to table 4.1) ' ; :
B ()| Y02 Y03 Y04 R
X cD X cD x |« op X o ”%g
o7 | .84026 | x20 | .79961 | ¥20 | .69354 | X15 78748 gﬁ
w8 | .oouze | w3 | 02222 | x08 | .g0507 x08 | .87860 fé;%%
18 | 96027 | x3 | .96388 | xw0 | .97299 | X05 | .97640 g
x03 | .97908 | x05 | .97219 | X1k | .97874 | Xob .98339 .{ 3
xo | .o8su0 | x08 | .o7ous | w3 | .98415 | X4 | .99096 3
yio | .9s250 | x18 | .98205 | x18 | .98606 | X0 | .99265 &
X06 | .99343 x10 | .98580 | X03 | .98885 x09 | .99478 -r;§
yi7 | .oouos | w09 | .o87s3 | xou | .98863 | x03 | .995T3 ?f;j'
vi9 | .ooueg | x7 | .98822 | x05 | .98845 | X0 | .99599 3Ei
y13 | .99509 | xob | .98813 | 6 | .98822 | 06 | .99613
x5 | .90660 | x5 | .98785 | x09 | .98801 | X19 | .99680 ;%i
w9 | ogssr | xu | .ossoe | o7 | .ommes | m3 | .seers o
x20 | .99690 | xo07 | .98773 | X5 | .98706 | X1b .99705 ;,j
x16 | .99692 | x16 | 98714 | X06 | .98633 | X7 | .99701 'Ei
X05 | 99676 X19 | .98655 X17 | .98551 X18 | .99690 fﬁg
xib | .oo654 | x06 | .98573 | x19 | .98456 | X07 | .99688
|
YK, X, CD same as defined under Table 4.1
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(2)——
Y05 Y07 Y08
X . €D X cD X cD. X €D
X20 |.70736 X20 | .88797 18 | .83411 X18
x19 |.89375 | xuu | .o1841 | x4 | .91059 | =X06
x08 |.o1723 | x5 | .9u317 | xo7 | .95465 | xX19
x5 |.ous14 | xa7 | .ou925 | x08 | .96871 | x13
x13 |.95675 | xou | .97233 | xa7 | .97836 | X05
X8 |.97321 X05 .97880 X06 L98474 X03
x06 |.97681 | x08 | .98023 | xo09 | .98649 | xot
x16 |.o78¢0 | %07 | .98616 | ¥19 | .98813 | Xo7
x09 |.97855 | x18 | .98853 | xo4 | .98886 | Xi5
xit |.97831 | xo6 | .98888 | x03 | .98920 | X17
X17 {.97921 X03 .98864 X15 .98975 - X08 | .98806
x05 |.97900 | x09 | .98826 | x13 | .99188 |- X16° | .98991
xio |.97837 | xw0 | .98832 | xo05 | .99193 | X0 | .99031
X03 |.97719 X19 | .98792 X16- |-.99207 | x2e | .99087
X07 | 97580 X13 | .98774 X10- | .99183 | X09 | .99039
xob |.o7419 | x16 | .08692 | xe0 | .99131 | x14" | .98975

T
B R RIRCICINY I N AT NI



Gy
Y09 Y10 Y11 112

X cD X cD X D X cD
X09 | .84718 X20 | .91084 X10 | .73867 X10 | .69887
X08 | .87008 X07 | .95053 X06 | .79901 X14 | .72540
Xo4 | .93584 X14 95625 X08 87795 X07 | .85469
x19 | .96535 | x8 | .96204 | x9 | .90006 | x5 | .88995
X06 | .97083 x19 | .98427 X4 | .91654 X05- | .90994
X20 | .97183 X08 | .98776 X05 | .93332 X17 | .919%6
X03 | .97285 X06 | .98922 xo4 | .94211 | o4 | .92294
ar | omuus | x3 | .o897s | xu8 | .ouse1 | x3 | L9265
X10 | .97621 X05 .99092 X17 .95960 X06 | .92555
x07 | .97668 X09 | .99115 X03 | .95960 | X19 | .92433
x4 | .o7770 | Xob | .99338 | %20 | .96062 1 x09
X15 | .97971 X03 | .99561 X07 | .96224 %03 | .92381
X13 | .98052 X15 | 99602 X09 .96054 X08 | .92185
X18 | .98294 X16 | .99652 X16 | .95853 X20 | .92554
X05 | .98196 X17 .99661 X15 95596 X18 .92456
X16 | .98077 X10 | 99640 X13 | .95303 X16 | .91953

- 102 -
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(4)

- 103 =

Y13 Y14 Y15 116
X cD X cD X cD X
X08 | .64235 X08 | .T74529 X14 54871 X17
X18 | .88401 X14 .80683 Xo05 .82816 | X1
y13 | .oubo1 | xo7 | .88446 | X06 | .89068 | XO7
09 | .95280 | xXou | .9u811 | X18 | .92591 | X10
x10 | .96921 | xi5 | .94889 | X10 | .95093 | Xo¥
20 | .96988 | Xx17 | .95004 | X08 | .97504 [ X06
X14 | .98521 X16 .94999 X04 97774 X18
o7 | .98866 | x10 | .94953 | X15 | .98333 | X05
X16 | .98919 X03 | .94840 X09 | .98597 X08
x17 | 98886 | x20 | .om7so | xeo | .98646 | X19
o3 | .98991 | xo05 |'.gske7 | x16 | .98615 | XI5
X19 | .98975 | X13 ".95476 | xo07 | .98600 | X16
x05 | ,98968 .| Xog | .9547h | X19 | .98637 | X09
X15 | .98915 | X18 | .95294 x13 .98618 | X13
xou | .98853 | x9 | .95106 | ¥x17 | .98535 | X03
xo6 | .98782 | xo06 | .94807 _| ¥03 | .98437 | X20
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(5) | |
.onr 118 Y19 20

x| o x | e x{ eo-| x| o |}

x09 | 69288 | xo9 | .83846 | xo9 | .8u799 | %09 | 79337 |l
x8 | .84k | xi19 | .86520 | x08 | .8684 | x19 | .8028 ||
x08 | .87836 | x5 | .93970 | xXo4 | .92127 | x06 | .92151 4"

X05 | .92657 | X07 | .96747 | X19 | .94523 | X16 | .96172
X06 | .95546 X18 | .97272 X06 | .96381 | X05 | .96504
X20 | .96237 | x13 | .97926 | x20 | .96809 | Xo4 | .96516
xo4 | 96541 | Xx06 | .98762 | x03 | .96987 | X03 | .96628
x03 |.97331 | xi4 | .98919 | x10 | .97643 | X10 | .96698
X19 | .97636 | X100 |.98999 | x07 | .97687 | Xo7 | .96654
x10 |.97762 | X03 |.99126 | xi4 | .97849 | Xi4 | .96964
x17 |.97817 | x17 {.99298 | x15 | .98087 | x20 | .97516
X14 | .97804 X08 | .99317 X13- | .98087 X13 | .97597
X07 | .98656 Xo4 +99368 X16 .98048 Xo8 97496
x15 |.98854 | x20 | .99339 | x05 | .98025 | X17 | .97364
x16 |.99280 | x6 |.99302 | x7 | .97929 | xm8 | .9721%
X13 |.99282 x05 |.99258 | x18 | .97805 | X15 | .97071




(6)

- 105 =

Y21 122 Y23 Y26 ...
X cD X cD X cD X
X14 | .78432 X14 | 78804 x4 | .91712 X10
X08 | .90712 x03 | .90638 | X15 | .96076 x18
X15 | .91322 X05 | .94578 %06 | .96126 X14
X05 | .95219 X09 | .96867 X09 | .97202 | XO07
X09 | .96483 X07 | .98645 X08 | .97809 X04
xo4 | .98103 x20 | .98970 x03 | .98218 | X03.
x13 | .98336 X17 | .99141 | X19 | .98686 X06
X03 | .98455 Xo4 | .99236 X05 | .98915 | X19
X06 | .B7665 X06 | .99306 x17 | .98898 | X7
X19 | .99043 x19 | .99434 X20 | .98877 X20
x20 |.99165 | x18 | .99581 | xo7 | .99128 %08
o7 |.99202 | x13 | .99568 | X18 | .99109 13
X18 | .99502 x5 | .99551 | X0 | .99066 X16
x17 | .99495 x08 | .99525 | Xo4 | .99020 X15
X10 | .99472 X16 | .99496 X13 | .98960 X05
x16 |.oom43 | x10 | .oou63 | x16 | .98891 | X09°
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Yo7 Y28 Y29 130

X cD X cD X cD X

w0 | .67a74 | xo9 | .56083 | X09 | .68497 | X1T
x19 | ;70516 | x18 | .65739 X08 | .72099 | X18
x09 | .76550 | X14 | .82767 X18 | .78424 X09
%08 | .85006 | xo7 | .95258 | =x05 | .86128 | X06
xo4 | .89829 x06 | .96038 | X06 | .92340 | X05
X03 | .93644 x05 | .96673 | xou | .93993 | X08
x06 | .ou769 | x15 | .96728 | X03 | .95302 | X13
x17 | .95319 | x19 | .96886 | x19 | .95609 | XOd
x18 |.o5178 | x13 | .96885 | x15 | .95823 | X3
yit | .96098 | xe0 | .96840 | X07 | .97271 | X20
X13 | .96409 x03 | .96761 | X7 | .97631 | X03°
Xo7 | .96410 x17 | .96846 | x10 | .97944 [ XO7
yi5 |.96503 | %08 | .96763 | X16 | .97913 | XI5
xo5 |.96715 | x6 | .96592 | xe0 | .97857 X16
x16 |.96548 | xou | .96%07 | X15 | .97730 | Xi0
x10 |.96381 | X0 | .96169 X13 | .97608 | X14
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<t

A very noticegble change 1s seép in the von Neumann
ratio of the least sdﬁares~estimated disturbances. Moreover,
now, the significanceilevel-Q(lﬁ) = 2.766 only (section
3.2.2, Fig. 3.2). The solution now~is.tair1y satisfactory

except in a few cases.'

One new column that has been added in this table is

ARSE = Average absolute error
N N Y, -%Y
1 di 1 i i
=% I |g=| =F I |  (see section 3.2.2) (4.1)
N i=1 Til N i=1 i

A look at the statistics in-~pable-U.6 reveals that the
regression solution of- Y02y Y03, -Y11, 'Y12,-Y14,¥27, Y28 are

sti1l not very gdod.

Table 4.7 gives the new values of the regression
coefficients and should be compared with table 4.3, We will

again study the significance of explanatory variables on each

regression solution by applying t-test on the coafficients

‘shown in table 4.7. The outcome of this test is shown in
table 4.8, We see a significant improvement -in the behavior

of explanatory variables as compared to table L.y,

Best fit or regression solution has:been-obtained in

the case of Y10, Y18, Y21, Y22, followed by Y04, Y29, Y0,

Y17, Y08, Y09, Y16, etc. In Fig. 4,5, we-have-plotted the

computed and given values of ECGs Y01, Y02, - --=;:Y30. The

computer output for estimated values 1s given-in appendix XIV.

Porareciinicnd meat i e ai T TN Cellra et



TABLE 4.6 Partial statistical evaluation of regression
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solutions
VOI"l'
YR | SDR MSDR cD Neugann ABSE
vor | -.12504 | 1.13857| 1.29635 |.99654 | 2.71262 .33632
vo2: | -.27649 | 1.90777| 3.63958 |.98573 | 2.63291 .40895 -
ve3- | -.75884 | 1.44653 | 2.09245 |.98456 | 2.00747 | .23935
vob | -.23256 | .61483| .37801 |.99688 | 2.80902 .21796
vo5 | -.78863 | 1.30125| 1.69324 |[.97419 | 2.27697 43667
vo6 | -.16264 | .64803| .41994 |.98692 2.u305§ .43891
Y07 -.11080 .73368 .53828 |.99131 3.15474 | .35755 g
v08 |.-.12104 | .92784 | .86089 |.98975 | 3.04099 5455
vog | -.16426 | 2.04354 | 4.17604 |.98077 2.27589 | .74307
v10 | -.08016 | 1.00972 | 1.01953 |.99640 | 2.64548 .34421
111 .577797| 3.07044 | 9.42760 |.95303 | 2.25319 1,84857 .
Y12 .63481 | 4.99119 |24.91197 .91953 | 2.27134 | 2.07064
- Y13 46565 | 1.55121 | 2.40625 |.98782 | 2.63084 .33556
Y14 .82187 | 2.61456 | 6.83592 94807 | 2.40331 | .5kok2
v15 | -.48845 | 1.11581 | 1.24504 98437 | 2.91632 | .44506
v16 | -.11080 | .52395 | .27453 |.98765 | 2.4904A 43458
vi7 | -.o9u42 | .43965 | .19329 |.99282 | 3.27101 17397
v18 | -.08989 | .47556 | .22616 |.99258 3.05304 | .26520
119 | -.17190 | 1.42710 2.00819 |.97805 | 2.20959 | .83893
w20 | L.33530 | 1.90335 | 3.62275 |.97071 | 2.58723| 1.64699
Y21 411961 .37077 | 13747 |.99443 | 2.47505 .21518

5

[ T e PR VO R RN R ek
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TABLE 4.6 (continued)
von.
CVR SDR MSDR - CD Neugann ABSE

Y22 50350 .27063 (07324 | .99463 2.33933 .29150
Y23 -, 14670 .12974 .01683 | .98891 3.05421 [ ,11361
Y26 52066 1.28783 1.65850 | .95469 2.80032 | .98585
Y27 .34000 | 1.31961 | 1.74137 | .96341 2.26145 | 1.34212
Y28 .37827 | 1.19511 | 1.42829 | .96169 2.61983 | 1.10525
Y29 .27969 | 1.04446 |1.09090 | .97608 | 2.37796 '.83796 -
Y30 | .15811 .79201 .62728 | .98721 2.63887 | 1.14614

CVR, SDR, MSDR, CD,-Q as defined under Table 4.2

ABSE-=. Av, absolute error
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‘— Given ECG |
ocoo Computed values
Y02

Y03

Fig, 4.5 Given electrocardiograms and their computed values, Y01, Y02,
-~ = = =, Y30, refer to ECGs at positions 01, 02, ~ - - -, 30,
respectively, as shown in Fig, 4,1, Computed values were
obtained from the coefficients given in table 4.7 and the
equivalent sources included in the solution (Appendix XIV).
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Fig. U.5 (continued)

YI7




(conﬁinued)

Fig. 4.5

Y 27




- 120-

S A TR P AN M IO AR
Pininon Sobvnisabivind Su iy

- 4,4 Inverse problem

The inverse problem can be stated as follows:
Given-surface electrocardiograms'{Yk(t)} and system para-
meters a,,, determine equivalent sources'{xi(t)} inside
the heart.

We have already shown that a given eleetrocardiogram

Y, (t) -can be explained in terms of equivalent §ources'{Xi(t)}

by - the ‘relationship

n 1
T, (t) = C  + iﬁlaikxi(t) v Y (%) | (u.z}

By solving the model we obtained coefficients R
these eoefficients are functions of the medium between the
heart -and the keth point on the body and -also the-position
of the point K. 'The coefficients ay), are thus invariant
1f the position of the points on the body is kept fixed.
‘But a change in the normal electrical activity of the heart

would change {Xi(t)} and {Yk(t)}.

At an instant of time t = tJ, we can write for point

N M
Yk(tJ) =0 + I aikgi(td) (4.3)
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If the potentials are recorded at total -number L of
points on the body, we obtain a set of L simultaneous equations
‘1ike 4.3) with K = 1, 2, = =.= =, L, This in effect is the
-same-problem as in equatien (3.1) with the exception that

(1) the sources {Xi(t)}‘are now unknown and sum
L

. A2

squares ‘deviatien -I (Yi - Ii)'is to be minimized with respect
i=1

to {xi(tj)} instead of a,,.

(11) there are a total of L simultaneous equations for
K=1, 2, = = = -, L for all the positions of points on tﬁe-
bedy and fixed instant of time ¢t = tj, whereas in the previous
‘case -there were N simultaneous equations for tj3 el 2,=-= "

-:=, N and fixed position on the body.

In order to solve equation (4.3) for M-unknowns

{x;(¢), 1 =1, 2, - = = =, M} , we require that ECGs should be

‘pecorded on the body at number "L" of points, where §>M.

Each regression solution will now give the values of

sources {xi(t)} for instant t-= tj.~ If§ =12, ===~ N,

the regression solution will be carried out N times to find
‘the -complete history of the sources. In the previous case
we ‘had carried out regression "L" times for K = 1, 2, = = = =4
L, to determine the set of coefflclents for all the points

on the body.
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For the present analysis, we will use the same ECGs
{Yk(t)} that were used for direct solution in-section 4.1
andsh;z. The set of coefficients has been:chosen from
section 4.2 for 21 positions out of 28 discussed there.
The 21 positions chosen are as follows:

01, 05 - 10, 13, 15 = 23, 26 = 2T, 29 - 30

1f we were able to obtain a perfect fit for electro--
cardiograms at these poéitions in the direct solution, then
the inverse solution should produce equivalent sources
identical to the original ones. A perfect fit is never a
case in experimental analysis. However;ithe~qua11ty;offthe
equivalent sources that the inverse solution will produce, will,
by implication, indicate the quality of the direct solution,

in this case.

Fig. 4.5, shows the outliﬁe of the computational
procedure for obtaining inverse solution. -In-this- figure Ml
is the reduced number of equivalent sources and L1 is the
number of points on the body selected for obtaining inverse.

solution,

Table 4.9 shows the statistical evaluation of: solutlons
obtained for 29 out-of 32 sample points taken over 80 msec
duration, The sample points 01, 02, have not-been shown
because at these instants the electrocardiograms-chosen show

zero potential except for a very slight deflection in Y09,
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j=0

jzl+l

READ
Ek(fj).K?l.Ll

|

Fig. 4.5 Flow Chart for COMPUTE]

Outli f
Cgmpur‘g;tgonél Xi ('],
Procedure for 1
obtaining the
Inverse Solution '
COMPUTE
STATISTICS
DESIRED
OUTPUT

a-r«%
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TABLE-4.9 Partial statistical evaluation of regression

solution (inverse problem)

von
CVR SDF. MSDR- CD Neumann ABSE
Qe _

yr03 | 1.56512 | .15279 | .02334 | .91500 | 2.2K275 .08821
yros | .ou318 | .26499 | .o7022 | .90133 | 2.59036 | .19278
vro5 |° .75193 | .36522 | .13339 | .91912 2.ui902 . 24664
yro6 | ~.22869 | .17642 | .03112 | .99133 | 2.18211 j .10502
vro7 | ..15497 | .19113 | .03653 | .99687 | 2.97170 | .0921
vro8 | .30449 | .u8864 | .23877 | .99136 | 2.06796 . 14669
vrog | .21387 | .38496 | .14819 | .99771 | 2.68319 | .11860
vro | .13530 | .15269 | .02332 | .99981 | 2.78772 | .03235
gr11 | 2.58767 | .28341 | .08032 | .99954 | 2.17107 | .03387
yr12 | -.11544 | .19516 | .03809 | .99984 | 2.31730 .02958
Y713 |.-.08547 | .28125 | .07910 | .99972 2.58784 | .03689
vt | -.oushg | 25769 | .o6641 | .99976 | 2.98242 .01857
Y715 | -.06298 | .49213 | .24219 | .99900 | 2.16917 .0l144
116 | —.01280 | .10825 | .01172 | .99995 | 2.41141 | .0OAT2
ym7 | -.01573 | .13577 | .01843 | .99991 | 3.32583 01311
v118 | -.02206 | .18896 | .03571 | .99983 | 2.96960 | .02735
719 | -.01036 | .0944 .00891 99995 3.37879 | .00914
vr20 | -.05840 | .50389 | .25391 | .99879 | 2.00061 .03451
yr21 | -.02888 | .24206 .05859 .99976 | 2.38479 | .02835
vr22 | -.02778 | .21195 | .ou492 | .99980 | 2.73086 | .02862




- 125 -

TABEE-5.9  (continued)

s von
CVR | SDR MSDR CD Neuggnn ABSE

¥123-| -.00427 | .02923 | .00085 | .99999 | 6.70785 .00534
yroh-|-.02302 | .13844 | .01917 | .99983 | 2.58364 | .04653
y725 | -.04370 | .23346 |- .05450 99937 2,12050 | .0u4412
y726 | -.02834 | .13143. | .01727 .99972 2.35186- | .03396
vro7-| -.04698 | .17539 | .03076 | .99921 | 2.76482 .05082
y128 |:-.o7h01 .| .22616 | .05115 | .99788 | 2.40310 | .06880
Y129 | -.06643 | .15468 02393 | .99820 | 2.51226 | .06494
v130 | -.06659 | .09957 | .00991 | .99829 | 2.36105 .07188
Y731 | -.09184 | .06560 00430 | .99639 | 2.75562 | .05404
YTJ indicates potentials Y01, Y02, - - -‘-,.Y30,at instént t = tj

where J = 1, 2, - = = -, 32, the sample points over 80 msec

duration.

CVR, SDR, MSDR, CD, Q and ABSE are defined under table 4.6.
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Y20, ‘Y26 and Y30. At sample point 32, all the ECGs have

zepo potential.

A look at table 4.9, will show that the coefficient of
determination in all the cases 1s high, except for YT03, YTOU
and YT05. This indicates in general, a good fit. ~von Neumann
-ratio of the least squares estimated disturbances, Q@ is not
high enough and this would, to some extent, affect our estimates.

However, at YT23, Q is as high as 6.7,

In table 4.10, we have shown the outcome of t-test
on the values estimated by regression solutions. "As would bef
seen, a large number of estimated values is-significant. We
will use this table to decide whether an estimate 1is acceptable
or not. If we consider the sample points, where ' a 1arge number
of "F" appears in the table and compare them with- the values

- of original sources at these points, we will notice that the

-original sources are zero or near Zero.

Table 4,11 shows the time-history of equivalent
sources as obtained from regression analysis. These values
should be compared with the original values given in appehdix
XIII. It will be noticed that the estimates compare favorably,
with few exceptions. However, the time-history magnitude is

not identical to tﬁe original sources. This should be

oG
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Tputh table derived by invoking t-test on the estimated

values of sources.

TABLE 440
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TABLE 4.11 Time history of equivalent dipole sources as
obtained from the inverse solution., Values are

given at 2.5 msec intervél i.e. 01 corresponds to
. 2.5 msec,-02 £0:5+0-ms6C %6y - I

N AB3 KB4 KNS A6 TN Kbo e K17
21 - - - - - - - -
p‘? - - - . - - . - - -
3 - - - -  ~fpelB% ORed49 =G S1F =HN.ST¥
adb .32 MFe1S - - “B5e28% 1413 =0%e9u* = 1e0H6*
03 Dedfh  Are2T* - - - 168 - -
(4 Tte 32 Bie 6D - - - 2. b4 - -
67 127 1.16 - - - 4054 Gue Tl 1e17
R ie35 1434 - - _ - 6¢38 1435 199
29 1.4l 1.24 1e24 - - 5. 178 2.6 3.9%
1% 1.92 173 #e92 Be59 - 7073 4o 38 4o 91
11 P.32 PeRg  BedW . Be57 - 9.86 S.32 5.22
12 2.66 188 1¢12 . De23% - 9.89 he 1S  beb4
12 16917 2.25 " le}l 1. 77 - 9435 623 £e 22
14 143% 2.6 1.97 Bev4 - 963 Sedl ée19
15 2.4} Peli 1e 74 1ed? Se 70 11687 = 5089 50 69
14 1637 2,05 1o 1+ 68 HeR3 “e32 be 63 &ed
17 1445 1425 2433 1.£3 fa 9 $e17 ~e il fe DY
1® 154 le 2 De b 1eb4 142 KIR B! Se & e id
17 1o 81 le 69 178 Do thid 1e 72 - £e 72 be 11
i le R4 Jo 700 PG 193 1e 7> - Se 7} 231
21 e 77 1e 23 2441 1.91 181 - . 4e5l 394
22 o £ 95 = 2462 2.34 172 - . 3.?3 24 5%
23 - Fre a7 2.31 Pels 193 Belb¥ 2427 - le38
2¢ Le13% (129 2.27 2419 ledb - - = e3P
25 - - Mebd 319 1.99 - - -
24 - - T BedS 2439 1429 - - -
21 - - fe38 124 1+ 69 GobP¥ =(el3% =eTT%
23 - - - Be T8 1e46 - e b l¥ =HeBu¥*
27 -. - - %eS4 1.21 - - -
27 - - DeDP2% - De¥8B - -? e 3L -e3hY¥
31 - - - = Ge2T*  $e54 - - -
2 - - - - - - - -

Values marked ¥ are incorrect values as glven by the inverse
solution, when these }alues are compared with the time history of

assumed equivalent sources in the case of normal cardiac activity

(Appendix }C[II) |




TABLE 4.11 (continued)

NO - K13 X14  X15 X16 - X17.- - X18... A19. __ K29 .
81 - - = - BECI - - -

62 - - - - = e - -

k] - - ~Be32% - - - T L= =fe34x
G4 - R - e e = mReTEE
5 - - e - e - T e =@ TR
né - L. Te - P98 - e s
27 -B.3a% - .-  PeS4m 1456 - - -

ﬂ8 - ‘ “-. . ‘ : - ' - 1'64 ) - - . L -

069 - - - - , 1625 = = -B.69%

14 De 63 % - - - 1.71 - Be18 - - -

11 - - - BeT5% 2406 ®e33 Be19 -

12 1.32 ° -, - - 179 Be 78 Be?3 .-

13 3.98 - - - - 1.90 166 100 = .
14 6. 70 - - - 1455 2.38 3.75 . 982 i
15 4007 - - - 1.88 2,78 2489 136 QR
16 5430 - - P74 1456 2485 345 2.81 -

17 be 4l - Be 46 1.21 1.24 3419 3.22 . 334

1% 7410 085S 103 1647 P96 3.22 . 3.36 3.71

19 6017 347 1.89 2.89 - B+93 3.37 326 4035

20 5.5¢ - ded4l . 2418 3.18 . - 317 3e94 4¢31 .

21 6o &1 4430 2417 2446 - S 3481 - 3412 - 383

22 754 4¢37 2.06. 2.11 - 3.26 3'37 - 3+84

23 60 43 Sep7 2037 2.50 B.08% 3.44 3e44 - 4e59

24 506@ 4.74 . 2022 2062 - 2'5§ 3°2i - 3'41 c
25 5.54 5418 2.27 2+74 - 2.00 4439  3+45 .
26 3468 496 . 2422 2463 - 2.15  3e44 . 273
27 1453 4047 . 194 255 = 1e47 2.21  1eB4T
28 e 64 3.93 1«71 2.12 - D77 1.57  -1lea9 =
29 Boap - '3.20 . 1.51 1.56 - Be 41 1,18 . 139
30 - 0.#5  1.89  BeB4 = . = ¢.27.  0.77: T
31 ~0e30% 1456 g.82 . = - =Qef2¥ - 0 @eS3en
32 - - - - - - - -
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acceptable, especially in view of the fact that the-solutions

obtained now have used estimates aik~from the direct solution.

In this analysis of the inverse:problem, “we took
ECGs for the case of normal cardiac activity.  This-was done

to make a comparison of estimates obtained with the original

values. For abnormal actlvity of the heart ; the new ECGs at-
the same reference positions~01,_02,- - = =, 30 could be fed
as input data.- The inverse problem would, them, give the

time history of new equivalent sources inside the heart at

the locations as before, Further work would-indicate the type
of -abnormalities that can be determined through-the solution:

 of ‘the inverse problem,
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CONCLUSION

- We have carried out an analysis of‘thé unipolar electro-
cardiograms, recorded on the body surface ‘encompassing the

entire-cardiac region, in terms of a number of ‘proposed equiva-

~lent dipole sources representing ventricular depolarization of

the heart. The equivalent sources which were found to be
making no significant'contribution, were deleted.” A transfer

matrix, representing'relationship between the significant

‘equivalent sources and body surface electrocardiograms, was

‘then determined. This transfer matrix was 1ater used to deter-

t
i
! ot
it

‘mine the inverse solution.

We have thus shown that the multivariate-reg:ession
analysis can be applied to electrocardiography with promising
results. We have discussed Justification'of the method and
provided necessary material for evaluation and-analysis of
results. What remains to be done is to apply the proposed
method to a large number of normal cases. This would determine
the equivalent sources that can be taken, in general, to
represent normal electrical activity of the heart. Large scale-
studies would also reveal the variability of coeffiéients in

the transfer matrix from oné subject to another.
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The material presented in connection with regresslon

analysis is quite general. It can be usefully-applied—to

statistical analysis of data e.g., in econemic"studies,“hedicine

“and blology.
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APPENDIX I

Potential:due to & Single Dipole

P(r,0)

Fig. AI.l

As shown in the Fig. Al.1l, the potentia1=at'point'P»due

to the charges +q and -q at radial distances rl'and r, is

Vs {;% - Cl/1,2}
Now
r, = OP - 0Q (approximately)
= pr - dCos®
Similarly
r,=7r + dCos®
S (—¥oows - 7T A

Eg_ [ 2dCos 1n %ig

moment of dipole

M Cosd
p_ Tme " 17

X

=

[}

® l-j
. ®
N

<
fte]

\ n
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APPENDIX II

Potential -due to Multiple Dipoles

- Let us consider a probe at point P (Fig. AII.1). The
dipote-is -located on the ring of radius "R", with the dipole
moment - directed radially outward.

Let

=
n

dipole moment.

angle that the probe makes with reference to the

=
"

| horizontal axis.

9 = angle that the position of dipole makes with reference:
to horizontal axis.

Then by definition (Appendix I)

Vb = potential at P due to dipole
_, 1, MCos) i
= (EEE) 5 (AIL.1) -
and VQ = potential at Q due to dipole
_ . 1, MCosA
= (nigﬂ L (AII.2)
where ¢ = electric permittivity of the medium.
Now AP? = AB? + BP?

(OPCosg - RCos®)? + (OPSind - RSino®)?

0P2 + R? -2(OP)(R)(Cos8Cos# + SineéSing)

0P2 + R? -2(OP)(R)Cos (6 - #) (AII.3)
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(a)

(b)

Fig. Al.l




Let

But

and

Also

Let

oP

CosA

Cosi

Sina

Cosi

<}
1]

Q% =

(@}
[.>]
n

5]
O
n

F
= R2[F2 + 1 - 2F Cos (© - #)] (AITI.b)
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Cos(® - a) = Cos€Cosa + SinéSina (AI.5)

AB _ OPCos§ - RCos® _ R(FCosf - Cos®)
AP AP AP

BP _ OPSing - RSin® _ R(FSind - Sin®)
P AP = &

R[CosO(FCosf - Cos6) + Sing(FSing - Siné)]
AP

R[FCos(6 - #) - 1]
AP (AI.6)

1
(Hhs) AP°

(QK)2 + (AK)?
(AH - GQ) + (OH + GH)? ' (AII.8)

[RSin6 - PQSin (m - #)1% + [RCos® + 0QCos(w --g)]2

E

RE substituting in AII.8
R?(Sind® - ESing)? + R*(Cos® - ECos#) 2
R2[1 + E2 - 2ECos(6 - #)] (AII.9)

T -8

- CosB | (AII.10)
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AQ% + R? - 0Q?

s i 1014 D

_ RA[1+ E? - 2ECos(6 - §)) + R* - R2E?

[1 - ECos(8 - #)]

Bl

Cos'y = g [ECos(6 = 6) - 1]

_ 1, MR[EC - -
A () [ECos(8 = #) = 1]

(AII.11)
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"-‘ortran II PR
Dec COmpt.ter PDP-B

A

¢; PROGRAM FOR CALCULATING POTENTIALS
¢ SPECIFY THE INPUTS AS FOLLOWS
C; 1. POSITION OF PROBE IN TERWS OF ANGLE IN DEGREES
C; 2. ANGLE SUBTENDED AT THE ORIGIN BY THE ARC CONTAINING DIPOLES
. C; 3. INITIAL, FINAL,. AND "INCKREMENTAL .VALUES OF RADIUS TINMES. 120 .
C; 4. INITIAL, FINAL» AND: I‘JCREMENTAL VALUES OF: FACTOR ‘F-TIMES 100 R
C; 5. INITIAL, FINAL: AND INCREV!'.NTAL VALUES OF THr_ NUNB:.R OF DIPOLES
2; FORMAT(E) . .
 3;FORMATC/) R O AN
A:rOm"‘T(I:I:I) ’ N o
3; FORMAT(/, "’?'":I:"F'": 1, "N'": I:"POTENTIAL‘"J E:/)
1;ACCEPT 2,PHI . e :
TYPE 3

ACCEPT 25ARC R
" TYPE 3 T
ACCEPT AJIRJJR)KR' S o
TYPE 3
ACCEPT AsIF»JFsKF

TYPE 3
ACCEPT 4> IN»JNSKN
D0 50 I=IrksJRsKR" R S o
R=l
R=ER/109.
DD 50 J=IF)JFsKF - , ) R S o T
F-r/mn. ‘ ‘ R « R TV SRR N
0 50 K= Ix\bJNaKN
P0T=C.
,SiEle/SK SR o . L
DELT=ARC/ SK . ‘ s
DELTI=DELT/2. ' . - e : o R
TETA=DELTI
D) 48 L=1,X
® 10C18),L .
THETA=THETA+DELT

12;CONTINUE
ANG=THETA~FHI
PNE=ANGXCRAD
COANG=COSFANG) -
- AP x*aJTF(r*Fﬂ.-2.*F*COANG) R .
r'O:-FOTi-S*x*R*(F*COANG-l )/(AP**S) B
L3CONTINYE S . L N -
WFE S»15JsKsPOT
3 CONTINUE
) 101 .
D o
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-~

- Correlation Coefficients [52]

_The table gives values of the correlation cocfficient r which have - -
certain probabilities of being exceeded for observations of variables -
" whose parent distributions are independent. The number of paisof -
_ observations is N. To illustrate: for a sample of 10 pairs of observa- - -

: monunmhwdvanablu.thepmbabihtyuowthmwﬂlhwe,
- p 2 0.549, and the probability is 0.001 that r 2 0.875.

. Probability
N
0.10 005 | 002 0.01 0.001

3 0988 | 0997 0.999 1,000 1000
4 0900 | 0950 | 0980 | 099 | 099 - °
5 0805 | 0878 | 093¢ | 095 | 0992
6 0729 | 0811 0882 | 0917 | 0974
7 0669 | 0754 | 0833 | 0874 | 0951

8 | o621 | o707 | o789 | 0834 | 0925
10 | 056 | 0632 | o716 | 0765 | 0872

12 |"0497 | 05% | o658 | 0708 | 0823
15 | o441 | ost¢ | 0592 | o6t | 0760 -
20 | 0378 | o4 | 0516 | 0561 | 067

30 0.307 0362 | 0423 | 0464 | 0572
40 0.264 0.312 0.367 0.403 0.502
. 60 | 0219 0.259 0306 .| 0337 0422
80 -0.188 0223 | 0263 0291 | 0.366
00 0.468 " | -0.199 0.235 - | 0259 0.327

- APPENDIX V
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APPENDIX VII

Determination of Q(s) for testing independence:of:regression

disturbanees~fseetion 3.3.2]

The program. has been written in fortran: II and computations
were carried out on the:Digital Equipment Corporation Computer
PDP-8.
Computasion procedure
1. Determine the range of beta variate:at the desired
significance level.
2. Determine the value of beta variate for desired-
accuracy.

3. Using program B, evaluate Q(s).

Symbols:
N = Number of observations
J = Number of parameters to be adjusted.(No. of explanatory
variables + 1)
Examples:
(1) N =32 (11) N = 32 (111) N = 69 (iv) N =17
J =17 J =21 J= 3 J =13
Computed values;
Example No. . Significance level .
) ' 15 5%
X Q X Q
(1) . 55 2.706 . 61 2.878
(11) . 62 3.132 . 68 3.269
(111) 375 1.500 A15 1.664
(1v) 295 1,262 .365 1.533




| - m 5

PROGRAM A

C3 PROGRAM FOR’INCOMPLE “BETAZFUNCTIO "?RBT,_I‘O"*R

3 COMPLETE-BETA ‘FUNCTION-AP EARINGAS .FIRSE:
Cs - IVTEGRATION}>SLBARRIEDJOUT “USING! SIMPSONS;$ULE

213 FORMATCID < T

023 FORMAT(E),.

231 FORMATC/)

043 FORMATC(/ 2/ 97! PARAMETER=P PARAMETER=Q: 5"

n BETA' VARIATE = FUNGTION: RATIO Ba503; ”

255 FORMATC /2 Es ESEsE3/)

Cs ICAT IS_AN. OPTION FOR'INDIRECT:OR DlRECT”FORM'OF ‘AND? @

- ACCEPT zl.chT '

TYPE 23.°

'@ TO(I:Z):ICAT

13ACCEPT '21sNad™

PN=N

PJ=d

P=CPN+PJY /20,

G=(PN-PJ+24/20"

TYPE 2! C

@103 ..

23ACCEPT. 22.?.9

TIPE 23

3ICONTINUE N e s e,

Cs NP 1S THE NUMBER OF Poluxsgovsagyuyxﬁxuyggvey;

CCEPT 21NP 8 COVRR AR
FACTOR=NP. - " .. .

Cs Y 1S THE. INTEGRATiON INTERWL . . .

ACCEPT 22,FIYsFJYsFKY.

Cs CALCULATION OF. COMPLETE 'BETA' FUNCTION

Y=1.

N=FACTORY

LIM=N/2 -

N=2*LIM - e

Cs INITIAL"VALUE OF FUNCTION. }s-F@

roep N o

XN=N

HzY/hn

X=H

T"@o

Fea e

Cs FN IS THE GIVEN FUNCTION oF X




TR 16 1= l:LI‘ul B C
FN=(X*x(P=1. ))*((1.~X)**(Q-1 ))’ .
FzF+FN '
X=K+H o
FN=(XEk(P=10 ))x((l.-,{)**(@-l ))
T=T+FN
X=X+
175 CONTINYE
K=(FO+4e XF+2e%T=Fi} *H/:;.
=X . !
'@’Pr. 24 [
PE ?D:P:QJY:RC
3 CALCULATION OF IVCOuPLETE B!:TA FUNCTIOV RAIIO
Y=1GG0+%F1Y ]
JY=180C«*FJY ,
KY=1000+ xFKY :
1S J=IYaJYsKY
Y=J
Y=Y/1G00
N=FACTOR*Y
LI#=N/2
l\-a"LIx/
C; INITIAL VALUE OF FU\ICxION IS FB
FHz0e
A=
H=Y/%AN
A=d
T=G.
F=0e
C; FN 1S THE GIVEN FUNCTION oF X
) 35 i=1,L1IMa1} .
FN= (L% (P=1e))%CC1e=X)%%(Q=14)) .
F=F+FN '
A=h+d
Fid=(X*%(P=1. ))*ccl.-M**co-l »
T=T+F
A=/ +H
35;CONTINUE :
"-(Fm+40*F+20*T FN)*H/30
K=R/RC
TIPE 25,P>0,YsR
15; CONTINUE
@ T0(C1,2),ICAT
)




PRARGHETER=P

e 2050 MESD
50 BASUEAES2
+5eRL365BE+D "

0P LIRHGEFR

N
o2

FARAMETER=P FARAMETER=Q
0. 24568ME+2 +(.850000E+1
4542 45000E+2 +0.850000E+1
40.04500GE42  +B.850000E+1
+0.2450G35+2 +0.856090E+]
00 24550RE+2 +0+85G0B0E+1
$0.04550GE+2  +0.850000E+1
+5.24560GE+2  +GeBSQ20DE+L
1

2 17 ;.

183 SeS
PORAWETER-P __ PARAMETER-Q
454 2450B0E+2 +0+8508%6E+1
$0.045000E+2  +0+850000E+1
3+ 24500GE+2 +0+856900E+] |
+J+2450BGE+2 +0.850080E+1
+4.245008E+2  +0+859060E+]
+3.245005E+2 +5.85900%E+1
) D4SHEHEFD +0+850090E+1
+}e 245AGBEFR +0.B5R0OBE+] -

3 17 T T

163 «55

+e BSEHANKHT

+0.850000E+ 1"

 +DB5BDA0ES]

| 18:850026841

 PARMWETER=0

v e

1. el

BETA VARIATE

FUNCTION RATIO

+0.10006PE+]  +0.671996E-8
+z.2zaaeaé4z 34936261811
+3.300000E+E  +0e739277E~7
+G.4POBBOE+FD  +0.289148E-4
+D.SO0N0QAE+D  +B.195628E-2
+0.6000B0E+D  +0+384B4TE-]
+n-7azeag;f§ +0+274349E46
.6 .01

- BETA VARIATE

+0+ 100000E+]
+3 500000E+2

+G+ 510000E+0

 +G+ 520300E+0

+0+ 530000E+0

0+ 540002E+D

+0. 550000E+5

+Ge 56009CE+0

e, w T

» 56

© BETA VARIATE .

+5¢ 180066E+1
+74 549G00E+0
+0)e SSOBOGE+D

+G455100CE+2

FUNCTION RATIO -

+0+671990E-8
40419562852
+0+277694E-2
+G+387926E~2
+@e536815E~2
+0+ 734508E-2

$9.99399GE-2

+0+133855E=1

o321

CFUNGTION RATIO .

+B0 67199058
4056436952
+(.993997E-2

+3.1023365~1 .




"1
K4 17
106

+1.245000E+2
404245000842

32 17

+H1e 245052E+2

+34245089E+2
. +}e245000E+2
B )
32 21

190

FARAHMETER=P
+5e264999E+2

+H20264999E+2

+e264999E+2
H)+264999E+2

He264999E+2
¥ 21

PARAKETER=F
e 264999E+2

Hie264999E+2

PARANETERP __

-...,..-.‘ oy

+3.245R00E+2

+0.245000E+2

-PARAMETER=P *

+2.245000E+2

+3e264999E+2-

+3.264999E+2

o6

- PARANETER-.

’

+0+359008E+1

+0+85G0C0E+]

+2+B569B0E+1

+0.BSGOPOE+]

{ o6l

PARAMETER-0

T +0.8500065+1

+3+850000E+1

+0.850000E+1]

+0.856000E+1

o2

PARAMETER=€

+0+ 6530GOE+]

+0. 650000E+]

49.6509095+1

+0e 658@@8E+1
:'+@ 65@@@@&+1
.+m.65®60w5+1

_+Q-650066E+}‘

o€

PA«An;TLe--'“

+0s 65HBBAE+]

+ﬁ.6$@@ﬁ@€+l

~ BETA VARIATE

+0. 1DT0GGE+]

+0+ 60B0GOE+E

+0+ 61B0BFE+0

+0+ 620000E+0

.62

. BETA VARIATE
| +0s1689GBE+]

40 609DBDE+D
+G+ 610000E+E

+0611G00E+D

1e

BETA VARIATE

+@010000®L+1

+0.200000E+8
+04 300900546
¥z-aéaﬁzos+@'
+0. SO0000EFE

+0+ 600BBOED

+34"106000E+D

o7

""BETA VARIATE

+0+ 100000E+1

+0. 600300E+D

+00615943E-1

+0. 126@78E 3

+0e 6TI99BE=8 .— . " -

+5.384R4TE-1

+0¢ 489306E-1

001

+B+ 671996E-3

4B 477898E-

4 289306E-1

ol

FUNCTION RATIO
#9.861181E=7 .

vo 4111908713

'+E-9386@SE-9

:,*@ seasssn-a

+G-3]9442E-2...:;1;.-_

40 TT6975E-1

Bt
FUNCTION RATIO

+3.861181E-7

‘+@.519442E-2

FUNCTION RATIO

+0.SBOBTIE-1

DI B

FUNCIIONLBQTEQ_Tﬁ;i“

P




H5e264999E+2

+3.264999E+2

_ 454264999E42 -

32 2l

* PARAMETER=P . ..
+0:264999E42

+0e264999E+2

H)e264999E+2

+e264999E+2

1
2 21
100

PARAMETER=P

| 40.264999E+2
400 264999E+2

e 6499IE+2

#.264999E+2

+De264999E+2

26499942

+£e264999E+2

+He264999E+2

+5e264999E+2

e 264999E+2

+5:264999E+2

1 .
&2 21
195

PanauETER-p
+Z‘26/¢999E+2. -

+e264359E+2

Hie264999E+D

+he264999E+2

. .‘6 /

+0e 65DUTHE+]

i +®-65@ﬁ@@t+1

#0s . 6500A0E#1 -

. 62

PARAWETER-Q
+0+ 650G00E ]

40+ 6506B0E+1
. +0+ 650000E+]

| +6.650000E41

4

. PARAMETER-0
+B+ 65G0GHE*]

+0+ 650096E+1

+G+ 656000E+]

++ 65008AE+]

+3+ 650020E+1
+0+ 650B09E+1

+0+ 650G0GCE+]

+00 650060E+]

+Be 65CB0G0E+]

+0+ 656060E+1 .

4G+ 656BO0E+]

Coee8

HARAMEIE? Q fiw
+0.150000E+1

+“ 65®Z@QE+1

+54 659000+
+0+ 6506ADES 1

e 65GBGBE+]

63 L

+0< 610000E+S

+0+ 6200300E+D

| .+D.63000GE4G

BETA VARIATE .

+0+ 10G00BE+1

+0+ 620000E+0

+04 621000E+0

+0s 622000E+0

.'..7

_BETA VARIATE

+3. 1 00CA0E+]

+B+ 6B0COOE0

+0+ 61000BE+D .

+00 620035E+0
+0+ 630000E+E
+@-640Qaés+@
+0+ 656000E+0
+0+ 660900E+0

+0+ 673000E+D

£04 680000E+0

. +0.690000E+D

.69

'BETA VARiP:E

+0+ 679500E+E
+0e 68AOGIE+D

+0. 681GAGE+D

'-.9@1,

+6+ 11098882

+Ge963551E=2"

FUNCTION KATIO

+Q. 861181:-7

‘+®-963551E-2

'_+z 9927@45-2"‘”

'+z.10?269z- :

",glum

+8+129320E=1

FUNCTION RATIO B

+6¢861181E'

+@a5194425-2_1 Y

+@.963551£1

+0.129320E-1 .

4+64171903E-1

- +9.295138E-1 "
+§+381303E~1
464 B8GA1E1 -

0061561681 L0

BB 1

rUNCTlON RA1I0
*G 861181E 7

+6+476258E=1

+@+ 488501E-1

+G+ 499883E-1

. ;0'2263@SE-1'~2’JT’-'“




1

) 3

146

PAANMETER=F

+5. 3600 TEH2

e 36@@@uh+2

& 3
156

[y

e 36@200L+2

+2+36% nw0E+2

]
69 3
106G

+5+ 360BEEESR

+5.26%6G00E+2
+5-36Z@@GE+2
+ﬂ-365@ﬂ@ﬁ+2
+0e J6AGAGEFD
+#5e366G0RGESF2
e 36GERTES

+C--o1?7?£ 2

192

e 360550E42

- PARAMETER=P

+1e 365 00@L+?

+z 36HACEEFR

PERBMETER-P

[y}

e 36OBABESS

0 6EHUEESR

. PARAMETER-Q .
-+a:34@e@ﬁa+é

¢+@¢34@@@@a+2 ‘

o2

PARAMETER=Q

+h.34@A@@p+97,
+@-34Z@@@E+2

#0e 34@9@0&42*

+Ge 3A@oﬂ05+?

B :"'V' 4@@00!:.*2

gl

@.34ﬂovor+o

+0 34@@@9E+?

e 4i

PARAMETER=C
+0434GZOTE+R

+G0 34GEGEEHR

+0e 34BOGRE+F2

+0e340NBGEF2S

| +0o340000E+2

+00 340GOOEFL
+0.340000E42

+@'34zemma+2'

+F 340000E+2

+@.340zz@5+2_

.35

1o

| BETA VARIATE
| +0.100060E+1

+GeOBAONDELE

+0)e 3GDGOCE+D

G ABOHEEESD

+0+ SBODEBEYD
.45

BETA VARIATE

+“-leﬂﬁzb+l

+3e 4106GHEFD

+00 426C98EXD
.42

BETA VARIATE

+G+ 100OOGE+]
+00 4090GBED

+fe 41 DOGHE+D

#Be4116G0E+D

+04 410600E+E

+B0+41300GE+D

+0. 4140G0E4D

+04 415600E+0

+0e 416099E+0

4D 41TOGREYE

Y-

.l
FUNCTION RATIO
+7:0 524354E=21
400301 TRGR-8
 #6.9TTTTBE-4
+Ge276T62E~1,

+0e 4049 TIE+D

ot

FUNCTION RATIO -

+5e524354E-21
+0.2767622-1
+@.397@93£ﬁi'

_*745665: QE,AW

601
FUNCTION RATLO
'1+2-:¢4354E-21
+z.332657£-i
+8.397993E-1
40 411946E-1
| +ﬂ.427zsée-i
+G. 443029E-1
'+q,459254£-i
| 4 475908E-1
'j+9149367ié41

v+0.5166945-1"

01T




PERAMETER=F

+)e 36B0EHEF2

+Bs 360RAREF2

0-16?@GGL+21

& 3
%9
PORAMETER=P

+3+363060E42

- 40+ 360G0CE+2

+ﬁ 36@0@®;+2

17 3
190

PARAMETER=F.__
30 100BHGE+S
34 1AGEEGESD
+5. 10600BE+2
1
17 3
160

40 360CATELS

10 360BO0EFS

e 36B0GGES2

+0. 360060542
+0.360000642
++ 360600542
$2.3600085+2

+ﬂ-3606@@€+2;'

R IRORGOE+2

~ PARAWETER-P "~
+De 100096E2

PARAVETER=E

+0+34G0BOE+2

| ’-+@;3Aéae¢5+ag
+g.3460@¢s+é~
402 300000542

+04345600542

<37

PARAMETER=CQ

+50 3430B0E+2
+0.340003E42
+6434DB0BESR
4G+ 340BBGE+2
+0+34000BE+2.
' +0.346000E+2
40.340005E42
+o, 34D000E+2

40, aazowgs+2*_f
.2

 PARAMETER=8 .. ..
40+ 80000CE+]
.+@.3ﬁam@ﬁE+1-'

+0. 306ANBE# 1

;3:

Layaammmmr+1i~

fﬂz8ﬂ@0@®£*1N 

SV

PARAMETER=8
0. BOOGO0EF]

BETA VARIATE

+@ol@ﬂﬁ@@E+'

’f+m 3566G0E+D
" +(+3600C0E+0
" +0.370006E+6

+0.380600E46___¥

.38

BETA VARIAT&
+G¢1026@EE+1

+8+370080E+3
+0+371000E40
'+0.37290954@
+B+373069E4G

+0e374089E+2

+043TSO00E+G

 +(.376802E+0

+0.377000E+0

L

BETA. VARIATE"
+ﬂ 160606E+]

+(3.200600E+0

+0+300000E+G

+0+ 4DB00DED

BETA VARIATE

T 4. 1008B0EF1

+0.300B00E+D

FUNCTION RATIO

+0 524354821

46253590872 '

"+9 434036E°2
PR 7195245 2

9115389E-1
.501

FUNCTION RATIO

+8. 524354E-21

+Ge T19524E=2

+Ge 755419E-2

. $0.792824E-2 -

+5.831835E-2 1 ..

+B.8T248TE-2. o

 +0.914796E-2

+0.958898E-2 . -

+Ge166ATIE-1

.-.1

FUNCTION RATIO
+0e514191E-5

© +0e493292E°3 T

+5e126925E-1

<91

'FUNCTION RATIO
+0+514191E-5

_+54128925E-1

+0,91898TE=1__




~

v
e 156

00 1000BOE+2

5. 16550CE+2 -

0. 100060E+2’

5+ 106D00E+2

+3. 100ROAEF2
+G. 100GOCE2

++ 1GG60GE+2
1

17 3

126

EARGHETER=P

0+ 1DOGOGES2
. 100NH6EL2
+5130600E+2
+0+ 10GGIBE+R
+041966RIE2
+G+106900E+2
+3. 1066AGE+2
o s

168
PAQA:LTER P

e 1BBAGEESR

+5. 1358805 +2°

+0e 1GG6ATE+2

+0e [OBAGEES2
0. 1 0GARGES2

e 19RAGHESR
17 2

06 1 UGS
GE+0
e 1REGRTES2

+He 120040842

X 17

| 483500005+

+5.8000008+1
' +0.800606ES ]
 +0.B0GARGEH]
+0.BOCOOOE+]
| +3.80POAREF]
l'+0;spaééga¥r k

| +0.800600E+1

.38

* PARANETER=Q
+5.BBEROGEH]

40.800BOE+]

+0.800000E+1

+0.800980E+]

+0.800062E+1

+3.800060E+1

+0+800PBBEF]

.25

" PARAVETER=Q .
+5.36CH05E1

" +0.B0002EE+
L 40.300006E+1
 ;+0-8999265+1
‘"+@-é¢¢9ézg#1v3_

| +@;3ﬂ@¢dﬁﬁ+153

29

'-+z;3ﬁgﬁm%€+1

+ﬁo 865' :rr‘

l‘ll

+%e dw@ﬁﬂd

I

f‘:

+Ge SZ@Q@GF+I

A

P[‘ \rA ":T'Z (\

.11

+1

40.3180005%0

+0+320000E+0

+2 3306GOEH

+3+350000E+0

+0.360000E+0

+8.370006E+0

.37

_BETA VARIATE

40+ 136000E+1

+0+360000E+0

+3.361000E+G

+0+363000E+D

40+ 364000E+0

+0+365000E+0

*3

'BETA VARIATE |
'+ 3566ORED

+5.260D00EE

+0+216030E+0

a +@ ?8@0@@E+0.?

+0e 290@9%L+ﬁ
+ﬂ.?0ﬂﬁ"’3+0

-295

 +04340000E+D

+0+ 161 755E=1
+0.203818E-1

+Ge254092E~1

'48.313561E°1 T

‘">+@.383253£fjﬁ {:?”;”

+G+ 464183E-1."

+B4557312E~1

681
FUNCTION RATIO

 +3.514191E-5"

| +0.464183E51

| +0e362000E+3

+z-49@796551.¥ R

i +@-423263;-2r" E

'+@4472931a-1 L

'+G.499916E-1f'jl~“

+0.509161E-1 - Y

61 -

'FUNCxION RATIO

+0431208HE-2

| +94568TT5E=2

+0.753259E-2 %

+0.984BB5E-2

nzTh VARIATE

'+ 1HHGO0ES]

e 299G00E+E

+00 291930+

+6+292606E+6

| ++2930B5E+D

+0.1269858<1

GUI

FUmCTIUm hPiLO ii

0051419185
#7195 4685E-2
0+ 161060E=

+0e 163643E=1

+9f196353§31‘\»A.:*7 -'




P ITIN

PROGRAMB '

G320 EnAN FOR C“LC”LAT&NC [JHEP! GIVEN BLTA VARIATE X
ACEFPT 3:1\:1t\TV:l\T\'J:\‘J1V:1X:JK::(:(
B FORNATCI) - _

M1 I= IN!V:N!V:KNTJ S

AN=N S

Ai=l

8 PHA=C 4o i Nl E%2=10 )/(A&%42)
PETa=de =C 20 #AT%F24+20 )/(AN**Q)

D1 Jd= IX:JA:KK o

REN|

AJ=AJZ 160

eu ALFhQ+BETA*AJ :

TYFE lv@:N:I:ALPHP:B:TP:AJ:@U
lgﬂarONHAl(/:I:IJL:F:EJE:/)

+0e 1211HTE+G

1;CONTINUE
4D
2 11 17 1 55 .58 1
#32 - +17 - +5.1127928%] +0e286914E+1  +8e55GDBGE+H
1
a2 17 - 17 i : 61 61 1
+32 #17  +0e112792E+1 +0e236914E+1 +0e 6160GLEHE
]
2 21 2l i 62 - 62 1
32 +2]  +0e 1721 63E+] +3e227538E+1 +@-6296@?E+@
l . . . R ) .
2 21 21 1 68 e o1
32 +91  +0.172163E+] +Be.227538E+] -+0. 680950E+D
L . \
& 3 ‘31 a1 - 41 ©
+69  +3 +0e 7351 42E-2 +0+399281E+1 +0e A16BCCED
€ 3 .3 1 42 T 1
+69 43 $Ge 7351 42E=2  +0399201E+] +0 ¢ 4260DHE+D
& .3 -3 71 317 - 37 1
+69. 43 40« T35142E=2 +B+399201E+1 +3+37006GE+S
& 3 3 1 - 38 .38 1
%9 +3 +0e735142E=2 +0e399201E+] . +G+35BGORE+0
! ‘, . . - .
17 3 5 1 36 36 )
T +3 +G.1211475+0 . +0.386551E+] +Ge36DBHGEHD
! . . .
17 3 -1 a1 . 31 1
+17 43 +3e121107E+G +(.386851E+1 +0«3TDOOGE+D
i . ) .
173 3 1 - 29 29 1
+17 . 43 +5.1211875+5 - +H.3868S1E+L +0.2900BOE+D
' .‘. M . .
17 3 3 1 o 36 3 1
7 43 +0.386851E41  +0.3A0Q6CESD

+6428T316E+]

E ﬂ.16AA@7E+1“”
_#@e163399E+1
' +0e143439E+1.

+34152431E+1

+001513TTE+]

-+ﬁ-124297€+11

+p.270595E+1" |

+00313242E+1 -

+0.326894E+1 |

#ire 155245E+1

£70128166E+1




- 153 -

APPENDIX VIII

Progranm:for regression of Y on X

The program has been written in accordance with the

discussion of the regression model given in sections 3.2 and 3.3.

The program is in FORTRAN II and computations were
carried - out” on the Digital Equipment Corporation- computer PDP-8
with typewriter input. Dimension statements have been ovoided

so that each step could be compared with details given-in section

3.3.
Symbols:
- N = Number of observations
SX = IX where summation is carried out over N
—_ i
SSX = IX? gil
SXY = IXY
SSY = Iy?

SSDX = Sum squares deviation of X
SSDY = Sum squares deviation of ¥

SDX = standard deviation of X

SDY = standard deviation of Y
R = correlation coefficient

SSE = sum squares explained from regression

cD = coefficient of determination

B = regression coefficient

SEB = standard error of B :i
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t-value for the coefficient of regression (TEE)
coefficient of variation
von Neumann ratio of the least squares estimated

disturbances




¢ PROGR&H FOR REGRESSION OF Y ON X

G GIVEN N SETS OF OBSERVATIONS
113 FORGATCI) o
193 FORMAT (E)

135 FORMATC/) .

143 FORMATC/»"END OF INPUT DATA"»/)

DEVIATIONS OF Y="»>E2/)

K= . :
SEHT ' o

$S4= i
KY=6s B
SsY=0e

ACCEFT 11.N

TYPE 13

M 18 I=1.N

ACCEPT 120X0Y -

SX=SA+X e

SY=SY+Y

SSA=SSA+A*%D

SKY=SKY+A*Y

SSY=SSY+Y*X2

155 CONTINUE

YPE 14

=N

AEDA=SSK SRR/ XN
S87=8SY-SY##2/ KN
WK=SOTF(SSDAZ(XN=1+))
SLY=SATF(SSDY/CAN=1+))
RCSAY=SK#SY/AN) Z (SDX*SDY*(XN=142)
$§2=itxx%SSDY ' '
F3DR=(SSDY=$SE) / (AN=20)

- —— ————

155 FORMBTC/ 2/ >/ 5" 0UTPUT BEGINS":/:/:/)
165 FORNMAT(/>"STANDARD DEVIATION OF X
OF Y="sEs/»7/5>"CORRELATION COEFFICIENT _
173 FORMAT(/ »"REGRESSION COEFFICIENT=">Es/s/) o o L
373 FORNAT (/5 "CONSTANT="5E»/»"STANDARD ERROR OF ‘COEFFICIENT="sE5/)

473 FORMAT(/,"COEFFICIENT OF VARIATION ’
135FORMAT(/,"SUl SQUARES DEVIATIONS EXPLAINED

233 FORHAT(/ " TEE VALUE="»Es/»"COEFFICIENT OF DETERWINATION="» /) .

JE»72/5"STANDARD DEVIATION'

=y 8s/3/73/)

s"5E,/)

=", E»/>/>"SUM SQUARES®




D=1+ =BSURKOXN=14)/785DY " 7 .
B=R*SDY/SOX- - . R
P=(SY=B%SKI/ZXN- -

SER=SETF(ASDR/ZSSDX)Y - -

T=R3/SER

Cirs= S’MF(ASDR)xXN/SY

TYPE 15 )

TYPE 165SDXsSDYsR -

WPE 1758

TYPE 37,0, 5EB
CTYPE 4T5CUR ,

TYFE 183,8SZ,88DY

-Y:‘T 385>T»CD

TWFE 38 .
363 FORMAT(/>"READ Ix\PUT DQTA AGAIN"»/)
‘IZ‘C.

V4=Fe-

ACCEFT 12:)(:‘(

K=1

{Ci=BxX+4 -

il=Y=-YC]

TYPE 32,Y,YCi, V]

203 Ve=va+i= Vi

IF(n=K)225,22,21 -

2I3ACCEPT 125%X0Y -

K=K+

YC2=R#X+4

WazY=-YC2

Va=V4+(Y3=-V1I*(y3=V1)

TYFZ 32,Y,YC2, V3

Vi=\3

& TS 20

225CONTINUE

Leviesyo

TYPE 33,8

32 3 F 0K Al(/:"Y GIV"t‘l:":c.:"Y CALC‘"M‘.:"ER:(OR"":E:/:/) ’
33 FORHATC(/,"VON NEUMANNS RATIO OF THE LEAST SQUAPES":/:"ESquAu-.D' :

DISTURBENCES=",Es/ /).
X\




- 157 -

€

gaTqBTJIBA jJuapuad

—3pUT JO °ON-= W

ST

SUOT3BA

-J98Q0 JO °*ON = U

XTI XIANJddVv

‘8T ‘6 *Gn ‘12 a1
6T “6€  °HE €€ Nt
8T 1 B A *TT €1
LT ‘e ‘ge -6 2T
*Ge ‘89 ‘9 G Tt
2T ‘€€ ze 6T 0T
i XA *29 ‘9t *Le 6
6T ‘66 €€ ‘02 g
‘€T -62  ‘an 6T L
“6T ‘€6 °9f “he 9
“we ‘09  *HE *9€ G
22 ‘w9 €€ -2t i
‘wT *0€ ‘ge € €
°9T ‘6T ‘€€ *9¢ e
*GT 1] ‘gh *2¢t T
- tx Sx Ty “ON' UOTIBAISSQO

{USATHD

asTdwexd

(uogssnosTp I0J £ ao3deys 998)

FYNAFIO0dd NOTLVINdWOD 40 SIIVLAd ¢ SISXTVNV "NOISSIHHDEY - HIJTIINN




000000°g8cc

000000°8T

- 158 -

GGGGE0H

000000°880S - -
000000°080ET
000000° 1,596

000000°TTS9

2 X2

€

X-X3

&%xx

T

X=Xz

EEEEEL TTOE

EEEEET 9N

- 7660L99°hT-

000000°08OET
000000°9€E6HE
000000°GE6HC

000000°T9599T

(SUOT3BAIS8QO -

= E¢ geeeect62L = S5 EEEEEL ELET = ;(TX - 'X)Z-= IS

- Ex EEEEEEGE =
= o 20LLT2 L =
= Exxx 000000°LG96 =
- ExExz 000000°GE6HE - =
= Ex%yxz 000000°9GH6T =
= ExTx 000000°E£6L2T - =

Te303 9Yyj JISAO0 uOTIBUUNS)

gsaaenbs Jo ums TBNPTSad (AT)

°x 'L9998%22-= 'X
gantea 938a9aAY (TTF)
o ORGELB TT = 'O
suoTaBTA9D  PaBPUBAS (TT)
°xx2 000000°TTG9 - = CXAZ
ex€xz 000000°T969T- = 'xFxX
Cx°xz 000000°€6L2T = TX°X3
exTxz 000000°LT86 ' = 'X'XX

gaonpoad pus - seavnbs wung (T)

:XTagew ofseq  (suofjzenba TBWIOU) JO gquswdoTaAaap pue SUOTARTNOIBO .£ABUTWETaXd




- 159 =

h20EGL® 000000° T £6L92€"°
L169g82° £6L92€" 000000° T
h9EZ0G" £6£20€ " SEHTIG®
. XTJIgBW OFSBQ
n20ESL: = Afa 000000°T = £&a
LT69g2° = *%a €6L92E* = £2a 000000°T = %%a
€T, cgntocs = Sla

AT, £6£20€"

g€6€20€"”

aghT9G”

000000°T

JO WIoJ-pozFTBWION . (TA)

000000°T-= Lla

SqQU3TOTIJ900 UOTJ4BTOIIAOD (a)




*93vlE8 948BT 93 Ut
XTI4BW DPOJBINOTBOSI BYY]
g® OoWBE ST XTJI3BU MSN
saxsqgauweaed . Jo

Jaqunu TB83094 = £ = A

geggono”
ws9hle:®
heoeal:

902£68°* - G9929h° €6L92¢E° -
G99294° 9GS9806° E6E20E°~
€6L92E€E° €6E20E° 000000°T

ST XTJI38W MaN
€ uUNTO® SA g UUNTOD puw

€ MOJ 8A 2 MoJg adusyoaajul

h9€20G"*
Lté69ge’
weoEGL”

000000°T GQHT9G®  E6E20E°
GgHT9G®  000000°T €6L92E°
£6£20E€° _€6L92E°  000006°T

ST XTFajswt MaN
T UUNTOO SA £ UWNTOD

puB T MOJ SA £ MOJI- @3uBYd

2 = N -a24uT (T = X °9°T) °*XTajsul
M ¢ = u T = wWw |ays uf 3saEy 8ayjz-9q o3 1y
o T ¢
— X ST 9338 STU] 9% AFTauspT pue-£ = .w 3nd*38aTI
'
popnNToUT 9q 09 STqBTJIBA °° papniout aq ou.mx 9TABTJIABA °,°
. w A, A, w TIT,; 22, mmh w
ET6HTO H NMIANNOM@O =xr. = H NﬂlmﬂMlAw:ONwm =qg.. = 4
2°a z d 5 SRS 2 4
18aATJ POpPNTOUE .8q 03 ST
S9TQBIABA 93Ul JO -UOTUM. SPTOaP
03 € ‘2 ‘T = T 03 LAZ S
Nﬂm
ofsea ayj 93evTNOTed (T)
"III = 'ddLS " . II - ddLS I - ddLS

NOISSEUDHAY HSIMJHLS




- 0BGOGT '~ 2L9026°T TLEwLL*— T8le9e -
2868.l€°  TLEWLL°—~ LL6H6H'T 2TO66T°-—
TglL292°~ 2T066T°— SGGO09HT T
(III d93S) = XTajsul pajeInNdOTBOSY

620660° -
16220¢E °
2T9199°

- 161 -

#09.G9"
622605°
9082.LT"

622605~
Gh900T°'T g2g2EE"~
g2geEe " -
(11

A A
b S |

XX MM

WOWNNH.I

GH90OT T
XJagqeill pej3BTNOTBOSY
nGonle*
€€gONO0"
CELIAY N

1%
e e

#~
#

85G9806°
999294 °
€6€COE"

wl

v, -

I
(o] . -
10 TH_ AT,
wyjafIodTe o3
FUTPpIOCOOB® XTJA3BUW S3BINOTEBISY

§9929h”
902€68°
~€6L92E"°

XTa38W POJBTNOTVOSY

- E6E20E°-
--€6L92E° =
000000°T

C(mon) Fla

(mon) FTa



oWoHtT*® =

SUOTA4BTJIBA JO 3JUITOTIIS0D

T62T0£°6 = °q

00L*- = %%

9LL'T = 'Y

189°€ = €94

gzgozt* = %9g

g€26zL0° = g

noytS0°® = €9
L6THgo - = %q

- 162 -

L0882T° = la

g6T68T" = €q

.wb

x*ex® -
X2 .mk\mb

C9ELG” = - ‘T = dd

€ €
Ix¢ex mx\h

£6ER6°9 = to

2x*Tx‘eEx
HTLYTY TST = /s

2%
sttoon-€ =  “4s

G2ERT” =
UOT3BTJIBA JO JUSTOTIFS0D
66G262°L =

Amkmn + mwmnv - % = °q

.89°T = 99
£69°c = €94
068090° = '9g
€q

£626H0° = s

nwl2ot® = Mq

gEN2gT® = q

£

2GLT6S"° = mmdmm1|| - °T = @
\mb
TXEX 0
19849°9 = /%0
TXCEX
HT99TZ 8T = 78
X
gLt0c6°8T = ““s

UOT38TIBA JO 3JUITOTIFS0D

6nothn g = £x%a - x = °a
’ 4uB938UO0D
€a .

92T h = °/Eq = €q,

mm
JUSTOTIJO00 Oyl JO JA0Jd- pIBPUBAS

68TLOZ" =

€ . w .

.Nb h.n..H = .Nl.b.%vm.H-“ mn

fol
qJUOTOTJIIS00 JO ONFBA

£x -

2nlE€St = S0y /Lo -t1-= @

UOT4BUTWIS99D JO - JUITOTIFS0D
GEE6S°L =

£x
nmv = \Mb

uotesaadaa
woJdJ UOT3BTAODP. soasnbs. uesy
gEnogge 62T =

£y = ex

uo £ Jo uofsssadaa Lq-paugFvidxas

uoTaBTADpP sagevnbs ung =




- 163 -

00000°g8cc = Mm

aTqeTaBTA guspuadsap JO UOT9BTASP - 8daBnbs ung

TL9T9°TST

exX‘TIXEX o
zS

uoTssaaloa WodJ paurerdxs UOT3BTASP sadasnbs umg

Tx Jo onTBA pojBUTLSD = Tx sasym

LGl9G°0

| Tx _Huﬁ
; 7
Tx - Tx N

JOJI3 94NTO8sqy SFBASAY

88G628°T =
fx - Fx)
z v @
. T r. e
«mAH n» -1 ﬁmv - Anw - nmvu m - goourqanastd

pajewTtasy oaasnbg 388977 98Uz JO OTJGBY UUBWNON UOA

SNOILVINOTIVO IVNIWHHL




- 164 -

*XI xTpuaddy pu®w £°9§-£ UGEFIOO8 IO WYSFXOBEE PUB -

uoESsSNOSTP hOhﬁ:hh&O»dcddmeMMdﬂdﬁ&ﬂﬁﬂﬂdE&Qﬂinuwﬂﬁa oYy UT POPWUTOUEF 3d¥ ~E3UIUUWEH

*wqep gndur Jo:8%95 STIFITIW JO BUTTPUBU
9984 TTTIoRBI -G53 9pBU mﬂvkummwddnoﬁwnﬂﬁdaﬁumﬁhouf@ﬂdnﬁauﬂdtmmmzuQmocpw pus. 9200°'S
S£000°S ‘T000%S 3°9 B3UIUAZVJES-MIU SWOF -RoBaINO9R A9FFIQ I0J UOEsTosaad aTANEP-
09 padusyd -9a9M..83UdWd38I}B uogageaad -aT3UTs TEY' * Ot TOPOW/09€E -uagsiyg WgT -poatnbow
(em8330 JO *ATuUf) 2xqua) Bupandwod: IYFLUIYM AT "UBIFIGH O3UT pe3BTsuBay s8M weadoad- syl

cgagndwod TE3TITP 029 -Wwd38Ag WEI UC 38N J0J "IT WBAJIOL UT UIJF4TAM 8EBM weaBoad - sTYL

STS8ATBUY. U0

X XIANHA4dV




COMPILATION

(€)

I0M OS/360 BASIC FORTRAN 1V

LEVELO 1JULCO

T - . 3
N - : b
» . : :
X oy :
g N BEEE - .
-~ a2~ R .
‘N LI Powp o :
Bt b y,ut : :
z )<< e
= &} ) DAY | ad : 4
v b wE v
[ . Do [ - 4 = TR i
jo~ Lom B - SR H
e 000 3 Y DRI _
LN e (57, Iy Do
R T Y LA |
TN -t Lo g W
w N o MR TR Y = | I
o - L L (Ol D e .
2 u 2o b oam . EQ
()4 I 5 e RIS LD .
Ot ” (N gl oW
Cr N oW ;L DK 1 R _
%2 f. R R B> T
aJd N Do » oy O eal T .2
o N AMNWWN=WEEX (. WwIZ L
wy e < oOTNUZZP-0N e 4 .
) -~ % YNZEm & il et D O -2 e~
- N - LD W e CQK = ; . XL} - > Z e
0 | N .~ L ol WM =T J . > R i I
Gm | » N N DL OO it . geio= D VB W - e
Wy | wWoN -~ Qw0 e SITIUULD ~OX |®&- QCTPZ = WO e~
A | E e b | eNCW N SO WL oX >ZTO e JO -
7113 C W O mllmimD w ol (O o QOO - [Tee = QO W | D
x Z 0 X Plila WX oo WZ [Zw Xl VN = QWO e e
Qo X O OO0 MU e eDImXC OZ] N wnzZolu E wdg i~ >
ZU | e 0 e [iCODD> O X CE W=CEN ' ZWUJIPE O Lda ol
—c e e PO e SN\t N O ) oQuDRO « <O Per B4
wv N~ e B Ok O ZWOD =Pyl - Ol & >0k e
u NNV o\ ZANZW NCIHNINZO =D | Ll I - 4 = ] Y X
O | ~ »fNGX » =OWWF WeddI +JZ0O > <A W O I - X
2 ON—COO | o oA SLIMOZTINWSPY . SUWLEID W < O X X
cZ WD emt 0 X200 0\ o «NODROQUWR | OO ™ =D S
-0 LwrmidwlN NS W » oI EXLWXT OW> : wzuwpge W oxLd K .
Vime =0 o\t NJINAX O PN ZD U NN Vimallls ¢ P -~
Vb= oXUE Ol |rllimiUfs i ol  |=WWWDEY . o W .+ &0 . >
W pmaXy) o ol | o2l D e~ OlIN Z200xWP0 oL W:> WLoQ o~ -
&£ NN WO e «TWN sy O Il - CViEL ‘m O0E X Z
Vo NNZZD=XN (ONOINNE| » >00dqineg -9 &L wnZ  Z T - o
WUq wQOgwn ONLIZ=IW I >e  WODOMW ¢ QY=g @ & oW < ¥
XD [ QOmssti~ I o odQ Ol i sQ3D>N0|*L O W X i Z W >2 Z v
W ZWAn » o TRADOmX OTOXWT NPKM = COW| W .~ O # X Xog
w it o <X N0 e £ Nt L, WE Moyt XY ZXmX z
- § uuméi .Qﬁqab DQquo:z- ~w D% 8; D] e -
<< WLN oo O ~NgqQ oIXI- EXNID emiX EZHRE- O X ~OVQ "x ’
= Zza:e:~¢c2trzzn.—:mmmo-‘uo-,mzxzo = # Q4 ~ i OMOm I
X [CORO DT AN TlLrd skT aN\e jood oo (Omimd ZHgpe s (.3 o WXt o | =
Sh= it s it st ug et O ae O bt NN e Ve I Shuretomnsr - . 3¢ * e e > wf) XY
SV Ul sl ¢ 0l OXpe obpe g 3 Tt 3 o e
—— ZZ NG UICLIIXZAURNOCe AHOKE I St Opf - Fwm  ZPwllise U
e WUOONSSSOEIES0UWY wEmNI o emZOXZ  # Wk G0 Q- 10O QOE
A< EEDD L LU oD I LUK\ L - 27 K >ZX > Q=L g
O =O000000000W=D D » +DO0 «\DXOO 7 =wup0 W XX OWwxwoL
TV QACOUVL LI LLLD  Wath | || il -u..wuu. ZZ:C(E— M ZXX S ZREICQXD
- N | N e N FRE . - : N
. OO YR - - bm 4 : : LoO
o0 O P 00 B Vo O
N M 0 ® OO0 . e
LLoG : LLLUPLL YLLLR
i L L
=N N0 TNM e wn N MO ONMT O
0O00 OO Ve e e ed e et NN NN
OC0Q0 O©OQ 0 P QO C o OO0 = . . OOQOOOO@ -
OO0 ©O L O.P 0O K OO ; ©O00C00O !
0099 o0 e e e e [ N ; .o-ooocl‘;‘
e Mmoo awn n vn ; nnnnanv
RO -




‘o
: ° .. 4 .
\ i
: v b ;
t N M . H
[ . B - i
HE N w -
H : P )
! : . ; . -
' : 2 <
: ' O .
i . Ll (-4 :
i 7 w < \ :‘g.
W : ! 17, > ' 3
2 - W ‘F
< ? ' ; .0 s ' b
-t | . B Iu" . .
- 4 ] :w 3 ~.& - o
« Do -d w :
> -] “d 2 wo
w A . - AZ . n
-+ L . e o< - R
Ch- ! PN - 4 Qe w g © . LT
w < g 2« o =T = P
o N i i . > . < Qe - 7 .
< <c ; i : b Do 7 ; 3
- >z .2 dedl K4 % .o
o < LW qd ‘€ T2 ! - T
< = i a | ke ~ DUk : © . Ly
> I . Z o ]all] -~ 3 |- o
L ! IRV B ol o - To=Z o Loy
I - o . T N ! v )
L - ] ) X0 O =i * !
ot G - o0 e {=]- -
- Z oW i ; onz - P e
- (o] Pl wwo N WOk C e
T . 7] , Q Wi -~ I 02 ' . Q
o ww : e Z PIwW o <
- D= cZ | wwdg TR T _ -
1T s QB - N 2 <O -
9 - <2 - b B> o~ O g N S
- - . >0 S N OOW N WL DU v -~ e
< = . < # 0 LWl # -~ ”
> o (=174 - b (7,17} & . Z200W - =) ot
. wo- x > Wwo ~ 0 0O o -~ f
o % > - S w wiuel [Tl 1X] &* = -
W~ v - ‘0 gxd . %* = "
> X W C- (LI} T <IxZ - . e
g - wno % w0 wwa 5 VL<KO e #* -
wooe o * W ong 7 =1 - M L ”
v o~ ow -~ e~ g P - U G = - el
o X ¥ ¥ < P wwn | g o - -
0O - TRT - s D O -~ O - w . = n _
~ w o0 - - Z4TW - D - i
~ I Z - ow NP 29 > WD 21 0w - i,
9 k< X x X > Wt - QWX we~ I -
" 4 22 W W G E = @O -iwm> O e o - et
¥ D X (27 ~ e~ DR EItq v WO ~e 2D~ >
~ -~ - . - (7 ~ SR ] ] oW e ) i
X & oE Z * 3% Z -32 Tw > 33 hv_**gﬁ L e e £ Z #=ZO b
X # CZOZO ## ZLzZ= % b * Z- RERE E EVO Zwm e o0 o0
X % Nateo 3 "o e 8 [Z HEF % & |emDN e enfe Xe0=D ;
I % eelOmO # =l - # B SR LT SR bt [ et XD R UV SR N
-~ aujnnn Hlupun % o HER jCluv e = sl Wb U@ o
o omdemTyen  emon ) em Yo Nt Z2Zhe i rmeneo S I a4 o w
NN W e D D - = > P -~ T ~ > | oS -] OeOmwWsLP
" e eefesie e S eZ D P e peimpem O=Rt o Ot ID SE It SNl
X oo |E e Ee FOST 0 B Liw wil w WEow | WEGE > e e e Z
- v XOD0Ow Dw QO20wZ »n W 000 . OLPDe &DU- Dz DV~ i} Qb | Ol Qi -
X X IONON N Qonavk v B Z<N Z<n 2V DZNANNYONZAXaNI0 .
N : . @ o :
~ S - @ ~ N - :
Lo VLV VUL LLLLV LLLLOLL
@ CO=NmG OO0 o i o Lonmoo~whvmopmo
N ammemem mooom N SINT A A A
o ogOCO o000 - P oo oooooooogooooooop
o COVOL oooLe - R oVO0 - OO 0000Co0E0000C0
¢ tdeeoe . seve e ’ '.v‘JL;. csssseecdeconnee
TP 17. Y7 7, SRR Y, 7,17 7, (B T ) ‘w~ NAANIAVIAVINN NN




NILNOD. 9% 2600°S
) g . I=1X3 1500°S
” ‘ o y=XvWd LY 0500°S
: e NN - .- »e.ov.ov~x<zzr&.u , 6800°S
i (1 *.mxwa*_>p¢._. =y 0¢€ 8800°S
. A AL L 3881 ¢
, S0*0=XVHY 1% G800°S
£8 0L 09 2800°S
. . : = (ONIAIN)193Y] €800 S
N e - S=(ONITAINDIOIUN €800°$S
LT e SR : (ONIAINIOIUN=(LXIN)IOIUN - 1800°S .
. : : S (LX3INYOIUN=MN 0800°S
L . . . . ~ ¥30SS—-AQ0SS=43NASS - 1 . 6200°S
zouwmwxwwm zoxu owz_<anxmz: zo~r<~>wo mm¢<:om WNS »e%4& ¥INASS w .
e o o XVWU—10L=L01 8L00°S
RPN o E . >oomm*x<z¢| uowmuzmcmm LL0D°S
S e s e e e e e e e e e e e 1=r3¥1 g% - Q. 9200°"S -
i o w4m<.m<> 3HL mo NOILD3r3Y YO Jomhzou wxpdk CIVL zw s R
_ , . ~c.m¢.m¢.»umawx .»opl.a.\un<*x<zm. 41 w 5L00°S
FIGVIUVAV ONI 103734 404 1S3IL 4 w
e e e mn i e S T S St SR - en " INNILNDOD €% - -- %202°"S -
I=1X3N €L00°S
e s e e s L L : _ : mux<z¢ vy 2L00°S.
LT ce ‘ - cees ememrns B e oo aamn nimeram r e e e et s a6 e m*.m*. ¢0~ﬁx<=m'¢~n‘~ L e . .ﬂpao.m.
: (1 _.mw~¢¢n>pz 1)S=Y . 0LOD®S
i ' INIAIN*TI=1_¢€% 0O £300°S
ST e . . INIAIN-130N=43V o "B8922°S
PR ST e o o o . w._mN:_<>. DN TSI
) IN3AN3d30 40 NOIAVIAIA S3IYVNOS_WAS V1oL A9 _a301A10 030 IONX o] :
L "378VIYVA M3N 3HL AS a3N1VIdX3 NO11VIAJQ SIYVNDS WNS ek Y 2 :
RN T WOG33Y¥d 40 S33¥930 IV IIVAV e uo<,.wggw, P
- : . 0€£30° T=XYWY .
) uwuz.>.4uuzn>»z i
, g , cuuz~>nz 5 .
NOI LINTOS NDISS3u93¥ NI mw4m<_u<> vioL 40 YIGHNN sssk INIALN w
....... - NO11Q10S - I
zo_mmwzuwx NI ouaaaoz— mwan<.¢<> pzmczwawcz~ uc xmmz:z exsdx INIAIN w
0*0+=4930SS N 900°*S
NOISSI¥O3Y WOY4 QINIVIdXI NOILVIA3A SIUYVNDS WNS x&xx ¥3IASS w
CtAINSTI=r*C1%C)S)*I1¢( OOO.WW%W%W% MW%%HM

v SR PR N LT W A
R 121 ..5' Foaay nn g ) A0 G FAY AR T ﬁx....%«..... LS8 AP B 3 ¢

0 1 e Tl L £ YT L MY LT I A

VY VeV L F S LT T i e




RN SR e R AXET

IDENTIFICATION FOR THE I TH STEP IN REGRESSION

e 2 Hee
X

)

N

IREG(TI)

QOO

MTUWD
[CalSldn e
[eloleld]
[S[8141]
tede
v

)/ (1.—TOT-RMAX)~ADMIT) 73,73,56

w
-l
<
<
g
(-4
<
> ) -
> L
< c 2
o m
] v >
2 N -
- X
- X =l
- < Wwo
— o=t = awn
L e € N
o 1o " W;
'8 =W
< QE [82-1.4a]
¥ <> ZTUO
O V)
W *Z w S>wnn
X p~d =D
- U0 =B ZDREZ
VI ZZ2H0 Qe
W ™ e W WD
- ~->wW Oy OFC0Z
W €  NOVVO
U 2 AD NN
0 co
T3 @
[S]&18) LCOVW
r~O; QmNMT
(S lex* 00 Hololeolsley
[é]e]e] ot vl ol e =l
(Sl ]o) QOWOC
s e [ R
wvinvm

SUM SQUARES DEVIATION EXPLATNED BY INCLUSTON OF T TH

NNV

nvnn

P %x%x%% PIVOTAL TERM CDRRESPONﬁjNG TO THE VARIABLE ADMITTED

g~ ‘.
!.
a. -
7] = N )
; rd oL~ P4
) -4 ' w = -
w o~ D - - " >
= - e (&] o [S10Ne) -
(»} - o) 4 [] - Z v 2
(- 3 & ko o ool < ey - )
4 > (S 3] b >~ vy Ww
w [ 1TV TS il Lo~ Q = = L] ¢‘
o >> L &> [l > Z e O O m-
L enpete ~ o >Z - ol M e 4
@ D>TMZN O =TV > Q. VPO~ O
. o 4 N = Z
W e XI™ O ZHO WZ e O Se|=Q e 2
2Z e~ [Z i ez = ol TS - P D |
< HZWO K[| = =Nl Z QN Ze— | IZL
I . ®=eZ I TwXD> SZM O ZPh=Z>X 2N
(8] N O [721988 ] Pt ot U B R P48
@ THIX> X nZL ZO>0 N DPZONX =L
W oW U el o e i b gl e o S
o  >ZL P > wnZ > 2Z| | DZ
P4 Qower 2 DU e ™ -DmquvOg
- ORIV P QNN eVt G VRmLVNQNLL
T mn O [=)] s+l g
] i o n ol rmd
LUV $ 818) uuf) VoW
O~ D PO =N MITn O RO NMT
[w]olels] Qedrird Ll et ol e (N OV NN OV
o et ol el P L] vt o =t g ol pomd g e ot g o4
[$lelals) QOO (818 /=) QpOUODUUO
BN RN er e v NN N R
(71717 1%7] (717 1%] ININNNN NN




aﬁ,ﬁiﬁz. AP EIRAN Y

¢ 3y

pluwl it ua

13 smerst )

@
™

DWO Il Qe
VIR0

o
NN

.

-
N

MO OO =N LN

e gaod proed el o e

Tlhnnnen
 BEOnVOOOOOVOO

'0'..".0.0‘

SRR ARAA

L8

‘WWWWWWWﬁWWWWWW

WY3L AINVLISNOD. #&x

S S : .x.w:<zx..w.wcmm.p.a.a.a. ooL*€)3ILINY
R U S O . 4 ~83s/d

mD.—<> wmh kddk L

||¢! o
=3

'

o~

A
Rand
Tee .
e n,
(7,10,

20
™~
o

6
.x.uz<zx.>comm.:momm..x.>nomm....u.m.~.ucm<.. €912
ruh>hnmthMhhMMW1w

e »0
D~mo
102 ad od
0 e ot
JIIN. 4

. {835711905=835 9¢
. ... ... .. . 7 1N317143303 40 ¥Oud¥3 QUVONVLS wixs B3S-

oLV L VL

5ETD°S

(8 748 ot
(1§ 35138 ()

-] -

s ~L -
— O b

wwn

1 L 2l

STSTETE)

TIor=0
mpmnamem
o o e ek et
POV
sleo st
wnnv -

e CAINIIWUNXE 10
:;4454.;:;.u.;. 143V=AQ3SS/Y

LR L . ~ NOILVNIWY¥3130 30 INIIDI4d430D sx&e 0I
o | 310V /43NASS=Y¥ASV

| =2
olLj

%5"“
LE>OXa.

-
il bt
ox

NN
ol g g ot el 0
UoOULOC
e o do o
(7,17 17 (7417 7]

T QOO

-

> .
N
-4
[~
v

NOTSSIu93d Wodd NOTIVIAIQ $3UVNDS GOVUI AV »&x& ddSV

INIAIN=-L1L4ON=43V
N3 /(ALN)YIANS=04

"A 40 3INIVA IOVUIAV xx&e 08

L L T N O N

VUL VLU

QO

0o
oy
Ll
(o]

LI
v

S

-
1o
)



N | ' )
i : . ; Eor
B - } :
- w : o A i :
Y o - B [13] . ! o
S : - ~ ,
; w . < < ;
: =2 . ! = L e : !
i -' b H g N '.‘ ; "
. < [ ) oo ’ : '
> w e ! .
uw - ; ’
= i . H .
155 v e . : .
> W .- . :
sl « - Dot
2 X - [
cw a - N <
Z2 .wn - o= :
< ) B N N N
c < o S o . '
o o> v foed z :
¢ w < - o . L
5 ot w . X o o
o < - : L < = : B
v o - g 4 L e, ¢ < . .
<. -0 W e I O tud . :
bt : (B15). 2 s o R O w -
c > - 2 (o] N -
n . <= : - out & =
. w o w ox o -
> [w] w Q 0O »~ Q -
o : ZOr , N> ;
- 45} WD (@] N N Urle o w :
- > wod — & -z ©c o :
- - ot R S ST ) zZ> - o) ;
c < - =~ o~ Wit o Q :
a > WemD - o "~ (b4 2 . :
- ooa > |- -t Nem | ©. W .. e
o o o P Z ) Nx . :
2z w -~ eyl »Z = 2 - - o : .
e F o = 0ogY |»wx << - W z: 7
%= < Z o xE] ~X X - by JA o . 5
> o = Y o TN D - m~0 = :
< i S > = Wwuw e~ oW x o< - g :
i : © = X > > < zun _| ~— - ,. 1
p vy 23 zZ % ##< me P W Z= | LOAOCD o )
. oty T e e A i Ze W ZO e NOOOVW e B
2 IN O eeied ##5% ——OU OZ N AWDWORGOST | WL
- de= OH e kR XX> > §-DEWVesesd | O
o - S vt % THUD @ =m—CHTOOMNS ;
v N~ - OsteS] emomip smonen L- ¥4 KN Qe w
.2 cuoorN * OmMWZU ™D ﬁﬂﬁﬁ £ T ULBWE | N
R Vel SN 3+ ONE > ool eeolll @k NONZWREFEP |2
T I=_Oui Lo m> | e =m0 OOl e O A
SUCHAD U VO =@ w—w[m = O (1.4 4. 4. 4= 4 .
VOO > »@xZ> XXK XXX TQ QOOK<IEFI0OU :
0 o Y = ) :
~ o N N
LOL LLLLY PLLL
ST Om NI oo NN IO OO~
.m D Qi VWO el e At
) —":"‘"'""" ot e ek e ol P i ot pmliped gl ped el gk ek o=t i
it CCuooy LOOOO couvo LOVRVOOOVVL
i 18000y XXX - ee e XXX
Y v v . vnnn DAINNANNVIN
l o




©C| (=]}
cC ocC
cC co
cQ co
cC (oo
cc cC
¢ @ *0
o ey NS
N L)
cC (]
o (o]=)
oC ocC
co (=]e}
cC o0
Oﬂ cC
. ° 0
ot ON
Nt - am
OO o0
o o0
oo o0 .
(ele co
CC o0
oo co
* o [ N}
O <<
o [2y]
(el oo
cO CO
[l co
CO o0
(oo 0o
[=- oo
[ * 0
Uy N0
3 (a0 g
o o0
o0 o
oo (o)
oo v OO
[ele (=)
oo (==}
.4 0
™ N
ﬁ’l =
o o0
(o]
9 oo
(]e]
o0
(=(=]
X | v
Lo) o0
(0}
coo ooo
coo oQQ
coC ©O0
co0 [&leled
LO0 000
o000 [Stele]
L[] U. [ ] ee o
NO~ -olg1'3]
NN IOT
-t o~
x x

e

~
x

CCRRELATION COEFFICIENTS

1.000.

1
2

1.000

‘0.561

0.327 1.0C0
0.753

0.287

0.3C2
C.5C2

3
4

Z
c
= 0
R [,
- B
- of
oo QY
i & N
R
Lz
RN = N
a0 W
. D ;
ST RV ¢
&€ N o
: : o :
N TV ¢ i !
IR TR : ¥
[ .

_PAR VALUE | = .

DEPENDENT VARIABLE

"PAR NCe

VARIABLE IDENTIFICATION

L
B SR
00
SO
.’.
.‘vo

%%‘%1
2.75560

PAR VALUE




O#O#aoo .= dAD

A 379V I¥VA LN3ON3d43]

29€15°0 = G3  €6E¥6°9. = YOSW €15€9°2 - = ¥OS
o - i - 690°0 10 3I%15210€6°3 -~ . SclOEle 0 i
N 2x QoY°E. 002°0- 10-0696.6148 20— 02%80°0~— €
: 1X omm.o 9i2°1 00 Q19208821 ° 8821 °0 Z
eX 982 6¢ 169°¢ 00 cmacoﬂvwﬁ.wllllllwuwaﬁddlw X
vn_zo~h<u.u~bzwnw;m4w<~z<> ~ NOILNSIYLINOD “aInIvA 331 anivAa Y¥vd . INIVA ¥vd  °ON d¥vd
SL165°0 = 09 198%9°9 .= ¥ASW 6%¥8L6°2 = ¥OS GZEXT®0 = YAD
| . .o 0900 10 wpﬂWanmp.o omwa.o 0
, 9593 83350572018 8 o
7 NOELVDI411N301 378V I¥VA NO 1109 IYLNOD anivA 331 aNIVA wvd InivA ¥¢d "IN dvd




ERROR/Y-G.

ERROR

I51.61671
. 228.00000

Y-CALC

0.567517
Y-GIVEN

SUM SCUARES DEVIATION EXPLATNED FROM REGRESSTON=
'SUM SQUARES DEVIATION OF DEPENDENT VARIABLE

AVERAGE ABSOLUTE ERROR=

'GBSERVATICN NOo

OO OMOVNOIY
CMORNE O OME
meco CoMOMOC
N YR
?COC ???O?OO

ANVNKN =SNG
QNN NN O TN
NSO O C OO
QU WO =T OO
- PO NI O ON =LY
NG MOV
(ZEX EEEEE R R
TﬁOﬁﬁO?Tﬂ?OC
i

f
s

AN OO AL it N\t ot
O CNG O PN
NINOCKT O O~ NN
QSO OPITOTON
N OMINTC OO N
ONOrt MBI V0T
'_O'Q.O.."...
O T ONT MO =i O
et ot (NN ot ot g O3 ot (N ed

(olalel [elelololelole olelo R
o000 falelelelolole olale}
COoO0000OCOCO00
O00000COCO00O000 |

CO0COCO00000000 « |
00CO0000000, .

WO TORT N A NNNDO O D

ol et sl N O\ ol b gt (N o (N ol

OO D P O I

ot ol el
] :




*umoys sT.gqnoqurtad: gogndwoo -ayy Jo gaud- ATuUO *X puv XI

i
g0 Tpuaddy TF POSSROGTP 99 SWEE IYY® 8T S4TREII JUuTyndwoo J0F IJXIY WaHeqg STUWBXd ayg,

88 Po3BINOTREO -US9Q- BBY 9TQEFIEA -U3=T 9SY3 JO UOTFBTAID paspusis AJTOTTAWES X004

‘Wwoq8A8 TBUTFTAO OYUF KO0J-JI0FJO9A HOTGNTOS

- 174 -

ayg 0:ﬂ8&0#wv"owLWﬁﬂwﬁﬁwkczkowdﬁdﬂa%&ﬁwcﬂﬁdoﬂduhﬁooémswuvmmxmﬂndﬂﬁdk.&ﬂ@ﬁﬂmamv

aysg ho SUGTIVTADD -PEBPWEYE JO -BFIBI -G - AQ-PITTUTITRU 3TV "AOQ99A UOTINTOS JUTHTREDU
a3 JO BjUBWITI YL~ °*(T*°9°E UOTJOIE-WUT -POQIATEOP) ~POYIIW UCTIBUTHETS uspaopsssned £q
‘XTagew posgquawdns ayg L£q pajussaadas-‘wagsds ayq SS9ATOE JTNWEY -DUEIROAGAS *SI3TQBTIBA -
yg—-{ pus ysz=§ -9Yz-usaMgaq JUITOFIFJIS00 .UGTFHBTIII00 oYy sSyuwosaadaa XFLgeu mﬁnu-mﬂ;nﬂh
JUSWIT® 9YJ, °XFJIJBW PIJUIWINE PISTTTBUWIOU OGUT (STHETIBA guapuadap Y9 'PuB SOTQETIABA

LaogBUuBTdXa JO J2qUAU ¥ UO) SUOFFBAIIB(O JO "II§ UIATE B SUIOIBUBL] FIIOJ IUTjInoxqns

POU3SW uepaIop+ssn8) AQ

UOTQNTOS PUB BJUSIOLJJO0) UOFITLIAA0) A0F HoUTInoaqng JATSN WEIBOAd JA9INAWOD TEIFTITA -

IX XIAN"ddV

IlIlIlllIIllllIlllIIIIIIIIIlIIIlIIllIllllllllIIIlllllIlIlIIIllllllIIlIllIIIIllIIIIIlIlIlllIIlllIllllllllllllll



COMP ILAT ION

()

IV

FORTRAN

IBM OS/360 BASIC

LEVELCO 1JULGS6

Dol

. -
L J - [ ]
. -
- «
-4 o
- &
< 1 e .
i W
LI .
-} ‘e ¢
- W »® - ;
x [ o o .
¥ Z -
- w ) -
« = - .
: Zz O o
! - Q. [ ot
b= : <
Lo g Q- -t
-l [ w hos
2 > N T
= [$3] ot Cwd
L (] - < .
n <_ (8] H
a < ~ |
o~ ‘ e -~ & N>
< N no < o ®
~ [ V.4 ] = b
w a c< n pof -
¥ w I < I
g TR7 - T B
Q = o w sl o
[ e e - 0 z :
- thCX | e W .
0 N JOUN et ALl > e~
L Ot o -l NN = O
Z2~0 ——e NG W O [Ty ]
il =1 wWh= ol 00| | O
N | WNOT =ps>» O’
e~ 1 Z ONHD e e =L
Cwe | W Tel Teee e
gEM - De o2 *XDOX e
o<~ | O L ZZXO X X
ozZwv | = Ol O oL » Ok
VX » P4 Sillrtripe e [0 ~Z
o~ » -~ T - 1 Tt
Vmmi~ O I SNOQNS SN M0
ZCN~{ - ﬂ:‘z"'w Ol e s
= o . m_DNE 'TINE NWZZ
Vo0 o< = x Q= QDD =0 *
DG L ) oI *0 ~ZleZ | eOZ ™
NewNeodt) * > X0 W X XK e~ o~
TeUwZ » 0 cite OafNe NelO
QX< =2 e sllon osese oo "
4 X - [ 2] efee oom® e e O
VZZZ « KANONIO= OmOrt ONQ &
Co00LW NeQeedee sope e NW Q
it e (Juswr s ——tlt &
CNNIZZ N Vi e e Ze
ZzZOO0 | b ue<g<g <4< <9IKad Q- +W
Zwuuzzooozzzzzzzz rEp T ZEQZr
”Zztzzw:mmmmmxpmmamxza—maqu~
<~~1oc¢uaooocowoosooDoxoom—x
ZQQOUUZZZmummuquu:&www:wuzzs
=~ - -t
Ot (VWO PWNO =N
DORAN 08 NG 00
b ) 3
3 L .

i . oY v .
T OO O NM T OO0 Q=]
COCUOOOOOmirdmism < edrd : el - NN
OCACO00000t00 99 Q0RO 8000
SCCCOO00L00E0 (LW VoL QOOO
199000000800 e oo Ve
NIDANANABNVIAY VN, ANV AN

i

i

s 89000 09
NNNNNNV

waZ
[Jal.4 Y o
-luJG.UJO&O-—‘D.wn--*')ouO-
NEZOrOZ N ZOZ I
bt Z e Z D Pt o bt o Z LS vt gt s
-l W :

et (S o O d b= N e e (el e
2l P .
Du.un:oz«a:oxoaoo-omp<mo-—moz: :
O TOLLUIOFOIOOAL

N0 PO =N
N N NN NI 1Y
OOQQOOQPOOOOOOO
COOLOOOLO0DOVOLY
[N N
NNV

154)
0,551 15011

‘o—y,
b * o}
o L
al il
W n
2 |
[ o
~ -
ﬁ
- -
-
-
<
T -
- -~ -
O =™y ™
n Ze
« o o
QZrw O
el &

Z
NI
L el

TOOQCO
FUNOTHNOT

NDZP=Z UN~ZOZ| . i

-l o ot 22 0ot
O3IOIZOIN

..

NEOTINOMOR
TTTITIIN -
00000000
COO0OUC,

seseseede
VNNV




|
. . , NIVH zo—»<4~azoo 40 ON3 - - L
. _ N v.omawoo WV¥90¥d 828100 zozzou uo w~_m . :
- S e e . . N E 9900°S
) ' d0LS - £900°S
LSNOD(Z29°qUdN) IL] HM »30)°S
INNTINDD O £900°S
acmmw.~o> (CEINIXST(T9°QUdN) LI UM 2300°S
- . . ZoA—-(FLINIX=HUYYI 1902°S -
: LSNOJ+TDA=2ZIA 0303°§
. : INNILNDD 91 6500°S
SR : (FPeIIXaCINSTJVFTIASTIA 3600°S
NdT=I_91_00 15005
*0=1JA 26005
OIN*T=r 9 00 $600°S
WNS —({ IN)S=LSNOD »600°S
OLNJZ7CTN)5S=(TIN)IS £600°8%
e JNANIANOD & 2500°S
anuw§-2-~N+IDWNZDW 1902°S
Né¢1=1 S 0a 0600°*S




P P S I M

NDILV11dWOD 40 ON3

17nKIS

T . r .. .. - 281100 WvY50ud 626200 NOWWOD 40 3Z1S
BT et UG O S £ S St Vi SRS VO PP ERCART S DS oo « | 11 I8 .. BEDD*S
Gl T TR AN R : ‘ N NYN13 Y RERS-¢
L i i e B i e e e e e S B e e e e e i e e me e 2 1 L0 TS GUSN ) 19%4 - 2EQQC%
I N PSS S o e NiiNOD »€00°S

|
"é
’

N a9
Q| OO0
N} NN

- oh
<

YZZSZOpmpo v orial

=]
QLIIV

~N

H

OO =N
NN NI

OROOO0O000
NIV

ﬁ;ma.hgcw ummwmwaz¢www@ .w,,wwmmwwwzwafamar;;;w:fe»:szuwwnom.moN.-ow
o R N ST s o . B . . s .DDNWWDN.D

PO O
pa (N

L il O Qv O
00 o

E

QLLRLOEVOWO

QO

SN

oo
et oot

oho it D2 N
SOOI ettt

1
.iﬂmm-wthwmtﬁ;frmrr‘hwl;irmuz:ﬁztr:;Shhﬁzww
N o wﬂ

=

O Ymesmm 0L
C~000ZW

OPO=NME
4t ON NN NN,

N R f.. . MZOdI w “ m
R . €0 ] X
... e€orZoRTes

1

[

argem e aee eesm st im Bomms mesr i = i enwsmenstans Ama ety st s v AAae e e

b4

o N -~

QOO0 Q000
000 QOO N QPO PO Y
NV NIV

O =
© ©°
(]

LOLVVLLOOOOW

QN0

Q

Ao 1O~-Q0Ww|t

-

T e
S

: U |
cenli i /40 0WIT ST 0 %H

i)

6
4o
{
p
[
i
'
1
ol
»
t
()
-
K
2O B
olon oy !
XK oo () jtenimei
[d
1=}
ot

KOG o) ol

X ZZZ2 «UmD (e~ ol é
WWWR T F LI et Sl oo

IO
meion D22 e ‘
~E HONst N0 0

2

D oo
NOTNO M
QOO0
[olelelelele]
QOOOOL
naNVING

DNNNZZ e Z T\ omdon Z NI
OZZZ00<K HO=\OI~0 |

o

g
d
|
v

QEX L2 UIA] wood muZ
VIO0QWLVLe ZOm0.0QL0m~
| %é

O\ s N\ AL Q!
== QQ0

wd Y
O ~HOOOZUS G pememmGliX

= Jhen NOQ | ©
Led o0 o oD .
il 2UeiND aQdmg

Z

O9  telrissenn

|

e e e i e e .. OOHAL3W ND11VN
_ SNO11iVNO3 SNO3INV
.- - NOILAVII OWODD (3) Al NVUILYMOA DISVE O09€/7S0 wal

poty
7]
0o W
[agz)
=1
)
O«q
vo

J
3 - e
o }
o

INrT 0T13IAID

o

. i . - T )
o . el AN
YN0V E A . F A RrylE ekt s [




Te

COMPILATION

CE)

1V

IBM OS/360 BASIC FORTRAN

1LJyuL €O

LEVELO

)
[77] o=t -
- N .
Z o ‘ | c
w o ‘ )
[ [7,) *
v W =
- - -
L~ o
'8 el Q
w W
o] 3 - (@] [
0 ~g ¥ ~
-t o] - [ pra - X
Z Nea - T} o~
c 'i b4 - W] -
- u [ o o~ [
- X L <% [ (7,
-~ Z - ¥ W )
w X zZ - * -
14 \dd [ o -
Y oamis O - [ 7,
C ON= »n x —rp }
VU e -~ + W= -~
m“d’(h X -~ '- - -
EXANG =0 s~ O - -
OONﬁNﬁm - ® i) - -
LU=~ » - s E7,) b4 o~ - -
XOQ styemt o T L = L = = -
WW | XeZ Zo [ZZ*Z0 2w Z o\ ZV Z 2V
Z2ZZZZ o0 e o0 loem ) oL o o - 0
~mCOOZLO = i Wirtomitmont | WnOGWet o0 X HIM = X)W
et g el He U mD R UMD NPl BT
DOVNINZZMOIDZIXNTIIZ A Zmm IIZ | I=ZZ
002Zz0o N o st e epmZ e e
L UUSWZZ, et ettt N N i = (et e b o i pi (| N 4 VDI
COTTFLY » wZ o wZ Qe et -zt w20
SD=mim 00 O~0LUCO0~OWOOVNEO0V~ Il QUOZO I OVQWZ
VDR OLLOVALUSOVNILVBMWALVNXALLZOXALLKL
-t N () Ny s
w
“Nﬂqmohwoo~~m¢moﬁmoo~~m¢mohmoo~mmvmo
VOO OL OO mirmbrmtont et st et =NV NN EN NN N M VI

ieielsldlelelalolole

(olalolelalels) Q00000 (olelelolelele o
UOQQQOUOQOUQUUOOOOEEOOOOOO%SOOUOOQ
AR AN T E N E N AN R

VNNV

|
l

WNHNNINN

sev v
NNNNNY

AEXEXERER K
NG

PROGRAM 001292

007828
'END OF COMPILATION CORRE

SIZE OF COMMON .




zottoe-6  =ivvisvoo )

) ONGWA.O o .W

:A.ﬁ;:.iHOanooQL S

O AT
’

18821°0 1

IN3IDJI144300 A/ d3dANN

e N e e e e e

€0€EGL®O 900001 0892€°0 0%20€E°0 ~

] £6982°0 0892Z€E°0  00000°T  67195°0
o e :

LEZOS*0 _ 0%2ZDE°0 _6%195°0  00002°1
X1ULVH QILNIWSNY G3Z17WWSON-SINIIII44300 NOILVIIHHDD -~ -

‘00000°822 19660 °S1 S

LEYEL TIOE 925618 °vs , €

A B ‘ o vesEE 6ZL 1ze900°22 - 2z

LEYEL *ELOL €LICY °9Yy }

NOIAVIAIA SIUVNOS WNS NOILVIA3O OUVONVLS HIIWNNN FIIVIATA




*T9AST POITSOP 07 -90UITIOAUOD JIOJ POPITIU UWOTIVASYT JO FoqunNU = IOI
coouBISTOY 3o8sad” UTYITM 07 SoFISAUCS UGTINTOS UayM ‘9 = JIANI

-*30ouBaA9TOod gososud

- 180 -

09 9BIBAUO0D JOU BSIOP’ WOFJINTOT-BYF JT SWOT{VIAIFT JO FEIquUmML Teyo0d, LIELN -

* X -xTpuaddy nﬂimmo:wHSwﬁS;thdanv
aq pTnNoYs 99y - UIATS S3FASIX IUFL - ‘uMoeys ST jnogurad xoqunduwoos ~ayg -3o ~gaad- £TUO

‘(2°9°¢ UOC 398 "UT POQTIOETOP) POYUIIW-BATIBIS3F
HovdwmlmmSGG;mn,%ﬂﬁde“vaocwﬁwzc Aq pojussoadad WIIEAT oYY 90ATOS ‘8BATOS ~duTgneIqng

« X xTpuaddy-908 "STFEITIP "ISYJO PUB III0) SUTFNOIANE J04

DOUJOW [ODFoS=88nEBH-Aq

uoTanNTos GCd4uu:oaoﬁh%moovQOwadvﬁNQQﬁﬂaﬂﬁmﬂddndoﬂnﬁﬂi&dﬂdﬁ!ﬁdﬂwo&m;ﬁquaﬁoufﬂddﬂwﬂa.

IIX XIAN"AddV




COMP ILAT ION

(E)

Vv

IBM O0S/360 BASIC FORTRAN

LEVELC 1JULCSO

e oE
e L, . e
"4 ‘e ! B
-4 N=X . L
N -2 :
< - !
- N ' ¥ ﬁ
. . .. ' :
T R~ e :
A X .
X e N } i
etz e £
~ e W LR o
- W'WL: - 4
Z O a -
o 2 N TR | ‘
- g - B
- <
. < Q. e
! - W =
> N (S
B~ B < ¢
. . g B & i : :
g 'S |e~.-1 - : L + ! !
-~ - - & ~ > [ b . L
- ~ O ~ .- . o) : :
N nwa 2 LI : =] ; ! :
~ - oz - | e X Lo- L O ¥ :
o cg 7] b - 0 =z g
w on PUSEE B I - - - ;
O wn wwn 2 YR . o] :
> o ~pe W™ e . el :
- -~ -~ e (S -4 n ((or | :
C =~ nxXxX O p=w b X i
Vi N O\ e U > mmes SR P R
~ . Qrte ~U A s mO | e D e
Q~0 | s WL joll O e | e - ol ~ Lo
Zen ov LN~ W PO | O .. U - 2
<N » = UNOO - Ord *x . * i - ..
—e~ Ze - oD\ jLethe =l | O L X =] oo
L= Lo XOIT ot ne® Lo - , X 7} i
LZTN o CmiDe o2 [sXOX ®e 0 Rox (7] -,
Lt oc L ZZXO PRt XY | - - - -
QZwn -Z e QU o, ® O L) , o - -~
OX = Zr= N el > oo wiZ oo ] - - 0
o~ - -~ NXIwL Xy < i ~ll - N
Comminy O 0 eNDQNS WS M |00 WeE| o - .
200~ V0 v o otll o W Omi= =< (7] .
= e N | =DV [1IZTNE 0vZ NOZ <Z) - g
Vi o0 «Oq & & W LaEUmE OImD =Q WZ - ZX ] N o
D=NON «Qp- Gl o edQ *0 [MZ eZ o0 [w=Z o~ XA ~ e~ m o~ Z
o \owr el U)o n eX> XU b4 x - e N D e e~
FaQwXZ o= YN XNe ATe e Neo  Neo e Q W0 N 0w zZze VW O
LROIX onNZ e\ o on |pooe o » iy . erdll) o el e o ot & U
-4 Xon e somfes pove oN e o QZ L WOZO0 ORww O - ™
0ZZIZZ X WmiN OO OOt ON oa &« - g o el X Q>p
QC0000ZWX NeqanIdne pree oN et LLI &dwmmomuﬁmmadﬁum&wwq
Qs ettt S e T fowswrne el Z 1 EZDOROZ N ZOZ|Il 1 DZDXOM -
AVNBINZ ZZ NI btk it Z e Z e Z LSt Z ~ZZZ0 -
22220000181 <a<g << §<<<~<<<<<—+mr-w~n W Weell)] (Tl
ZUULUZEFO0QTELETEEE ETEZ ET IR EOZRAORC J N ot O
"‘2ZZIZZZmemxmdﬁD&K*&d&&ﬂ&&&xm(uu-i Lo} Z P v Z v 2 Z Ll
<~~~—ooomaaooooomo0\Dooo\oooccwdxowaozcacmoaoo~oxom<
Z000QVVVZZZUlLiL L. u.u.\.l.&'u.U-\l.l.u.ILLLU.GZZQKZJILUZQZUZ‘QQQQZU:ZU
: - C e : : e .-
O=iNMY O\ PO =HNIOWN pd N 0
GRAIIAN N rmmno ooorh . : e,
(&) .
| ) :
AMTOUSOQO=NMTIN O NI WO MR PON TN O PO NMT N M0
COOOOOCVDmimimirtindrt  =ird OO NN NN MEOMMEOOTN T T
OUO'OQOQQOQOLOOOO QO felale/ole]=lelelelole; OQOOOOOOOOCOOOO
CUOLUVOLVIWROVL CU OLCIOOVOOO0 O0LOOLVOLOCOROC
o980 poeee 00 eo0 o N LN ] Q!.""0.00..O. I R
N NN NNVRNNNNNNNIVY NN INNNNNVINV VIV

NNVINNNNINWG

v

 $.¢049




P M AR TR R IPE R S D e R L D LT AL

TTVTTNIVH NDIAVIIAWOD 40 GNd e
T %6€E200 WVEO0Bd  %Z6100 NOAWOD 40 3ZIS

YOUYISZIAS (L INIXEFLLQ

s e et o et i 2 e v iy S o i i st e S aN3 . - hd
S R 1) £ -
SRR . ASNDI(Z29°TudN)ILIUYM
.A.Au Rt hn o ot - tveros - -~ \r.l.]'!‘n.'. EETRTEE e et - w:z- zcu o .-
SQUdN)I3LIUM
) A A
2

91

DPONMTNNON
QOIS Ieperereperere
COO0PO0000
COLVUPOVLOG

ot B dUP-0,
A i) e
= QZVN
"X EX RN E N NN

e oig

Q0
Q0

O
O
NNNNNINNNVIN

DINAZS #

e wd e s e il ek e . °
WNS =
= Co0 5 GIIS=UINCI)

b @O0

Pt o J1 S e 1) YN B Pt ttI00 [ 0 1 B B Ombem

et

QOO0 000C00

2w

C w

-
Q
S

o 'O

Lo 1)
<

20X 2020~00WOV0OW

VI LI LUINONUNLA»0>
WVMNAY WO
NN

s9P 0000

~*z.w-<...o
(1)0S7 (IN)1GS (1]

QLOLOVVOO!

TUNON D O NI

cgs
ﬁ“

ZZN=ZDZ NX
i bt ZimE EZIZZ e ~ZN
oL O

©

<

~UWW 2wy

2
o
L)

e R e e e e e e e e 491 ¢DJIANI

NN

D1

TUAAQ.~n QWA = b iiurne

X XY wdx & o< (Z2

oy oy
~ N |22
= QM
v aen e,
X QOLZw Q 2
A =
Qeitym
]
oiele]e}
(=1 312
Ye0e 0
Wvnw




S20a

dopmLta

SIS RORRR DN

z ]
o ¢
- :
b 5
< B
& o
N ¥
& P
z :
o ;
’

: -~ 4
w
>
1]

P4 : ; ; :
2 Lo - ; e
| ad : : s , ! D
§ . . 3 -~ : - -
o] -~ : : o - NS
L v - o . hr 2 L ot Q
N 1 : - "8
Z - ! " | . . .
2 w o ‘ : . v - -
“om N ; : . . #* . =
< O Vi i : ; . e~ - G )
[ - ' ! ! : - g -
Lo~ L - L2 <
[-BNTRE . N Q. -
W N o : 0 i’ QO e
n o -1 o - o . ~ H . Z a
N O ~D . SR I N NG L X
v ~n ot ol 2. -~ .Q
Q0 Z N« L e 0 B TV i - : (8]
O we Z- e LN : - ; .
Lo oW WO X |~ : - N
e~ =N e # | w e ] ; N B
s - S (@] : P - ) # . : o
w -2z =2 X | » ! -~ ~ 0
- W X« Zr SR 2 - : ©c Z
2 [ -~ e - -~ L2 . o w
- C ONe WO X | o= | : :
o QUL sl\low Vi 1 . e~ (7,11 i Lo IR : i &
- X *O D o »' Y -~ |~ ‘ - . o o-
o LL~NON O P el QG - = X
i CONN it ol DRt e . g'
nAL ' ~ o) & - o R
ey &u;8<§%ﬁ5d,d quu--a—- C o = - Lo
av s ww X oeZ Zv ZZEZO Bk ZNN ZO  Z Z0 ,
LT Z2ZZZZZ IX e o0 eem o) |[eQX L nadl o LIS W
s OG0 Z0X~ =) Wetettet [| WIOOWes it RENW = XU o
5 o et et 4t B oo HEmD Y Hee l ~Ol UND ovee [H D] K :
bt SOV ZZ Zm O Z =N N IZ e [| Zrtn  [IDZ | = oz W ;
- COZLZLOOO H e 1 o] ememimt el o2 et w= N :
B E L DUABIU T E T st it e N N o NIt NV o g = J 0 T ot NN TP=D = ;
. COZTEEEXE m [wZ = _wZ| QuwZ wmmd —Z = —Zr8 O, :
SO0 G0~ 00000~0UORNOTOLU= 1DVOZ0 I QLDWZ - - :
V1V (ala o~ TETSTRI=T7 Vo BIE oo 1 T[S ‘”‘ﬂWQGU‘hxﬁUUZD!QUU&Q . ‘ : . REC
- No® v . r.' S S S ‘ H
= . : . , SRS R 1
o !

"NF‘QU\O!‘QO‘OF‘NMWI{}QPQ‘O‘ PO TUY

COQOLQO0C
ooqoccooocqcoooooocE

[Slele blalb]dlelols) LOOCOO0
sodoeosegeogsoseoe e
VNI

LEVELQO 1JULG6

'

nuvIVVVVINW




AGONAL TERMS ARE LARGER

TS WOr R Tl

Lrs

I8M O0S/7360 BASIC FORTRAN IV (E) COMP ILATION
ANEQUS EQUATIONS

[N T

IN

UUU%UUUUUU

.4

-
5.
JA
l'»..‘
&5

S.0001

LEVELO 1JULG6

<k

e

3

A

*

?
NL)/ACI,T)
J)#XX(ID

1T) 999999

N -
)
N..
.

Dt partl)
o« bt [f
—-wQZ e o
U Z0OXOIU.
/) st 1eet( ) 3 () e

W
ho 1 SN L)

DLZONOWVO
L)t QIO VI

FEXTTE
T Dt OQQ QX
. NORQOVVVOX

oummémb

e pt o D PPt O
P Z w0
DL OWWLZWZ|
O L e O

P & 0O
e

DO OmNOYT

NOONO
Joo A oot et omipt (NN VN NN N

(@]=]alaldials

(alololdlalels
OLVOLVOOV
AR A DI
nIVIVNNINNNNNNNINY

0000000000000
O0OO000OLO

NN MMM

lo]olelelelole ool
VRPVQOVOVY
YR LR R RS
VINNVNININANNNNNINV

3
2 E-
<7 R e

)

%

it

:

b

“a‘»;}’g:‘@ﬁtﬁﬁ, PN

T TS

SOLVGS

PROGRAM 000918

it

" END OF COMPILATION

007924

K
1.
A
o
B
7
)

SIZE OF COMMON

PRV

GHt e :'":-7':‘::",‘:4‘::""[ »-ya.—-::_:




g mmﬁwompm

0

=INVLSNDD"

- _ozesl®0 .

‘ozvgo*o- . 2

18821°0 1

Level *110€

. IN3I214330D - ¥33ANN
‘€0€s2°0  D0000°1 _ D892ZE-0  0w20E°d
. '€6982°0 0892E*0  00000°1 62195°0 -
! N .
| 3 L€206°0 _ D%20€°0  5%196°0 0000071
t !
i . N, .
X 1Y1ViW G3LN3WONV 0321 TWWSON=SLNIIDI44300 NO11V1IIH40D
ﬁ'siL,.ii-.x T “‘oo0v00°822 . ;.Ncomc.wm:wzs:;..mwx-:x:1:MHiw,¢z:zx11

9Z628 *%S 3 €

y6GEE*62L -

LEYEL €26

12900°L2 B 4

€L32% %Y |

NOILVIA3AG SIUdVvNOS wWNS

rAre? oy

NOILVIAIA QUYVANVLS

HIOWNN T TIVIHVA

AR LAY R EYreriTee -



R ¥ RS A Y

coOCOOCOODO000CO0 :
olalolololely NI IS DN MOO0 000 00CO
08 0008000000000 00000 0e0 90

000000 meOOOOOOQOM¢M~OOCOOOOO

X10

0.0

-

o\ CO0000n00000000D
! C! ©CO0C0 mhbhmmnmmmooomhocoococo
. x e e o o0 Q....Q.....'.CO'......'!0
y ocoo00 SO0 0VI0VV VDN NLOOSOCOOR
i :
' «Q OCO0O0OCPCO '
o COOONRINHDRDDANNOOOOOLO0000CoD
>< (3 N O..l....l'.'.."'.....l..
S OO OANRNO OO ORGP PNNOOOOCOCO00000S
B . AnOPcOCOCO0R0000000 :
O COCO00COOCOCHMNPONVDOOCOOCHNNONG
x ' N BN ] '...'...O.....O0.0Q.....
COCO00 OOOOOOODdﬂﬁaNNN NN it OO

CO00ONORPOOOCO00 [olelolele]
ooooooo«mmooommo»w@oomm NOONCOL

o000 ¢ OO 20 8 8 00 00
elelelole o) OO OCmimiemiptmirtmi NN ANN~OO000

__X06

Q ocoocoooocommmm (ole]
C0000~ O O OO~ PO rimmird ONOOOOOP
Y I IX AR AR . .
OOPOOOOOOOOddﬂdeNNNNNN ~OQQQOOR

sources representing.electrical actlivity of the heart (Appe;éix iv)

OOOOOMOOMMCDOOOOOOO '
OOOONFONmPOO#chOOPmMOM olololololele)
0.'00.0.0'0.0000...0000 sev 008
QOOOOOdddﬂﬂNNNNNNdedﬂO (oYolelolalale)

_Xo4-

moooomooooooooocoo
OOOONQOMPQOOOOO@OOOOPM
ooooool.ooooooooooooooo
OOOOOOHﬁﬁﬁNNNNNﬂﬁﬂﬂNOOO

ss 00009
(olé]alelolale) =

0COCO0000000R
COORNDCONNINTVONNOOOOO00
.....0".._.........'0..
OOOO~=NMMMMMON~OOC00000

X02 __X03

[ ]
0.0

X01

ep e e sgooeo e
QUQOOOLO

LOVODOUOOUO0000 Col
BOMODONNNNNCINOMOO00C00 oooopoob_
u-mmmm%mmmmmmﬁcoououog

lagnitude 1is given in arbitrary units)

.gltized form of cquivalent dipole




.
v
o
L

i

Rl

S R Al PRy WA

X1l2 X13 X4 xXas X16 X17 X18 X19 X20

X121

CO000C

*s Q00

(olalololele)

(ololelelole)

* 0 0000

CO0OCOC0000RC00 -
CO0O0DONDVDDDTOBMDNODOCOODOOOO00O

ol=lelolele alolelelelalole)

©0000PONONNINOLOOCO
OOT OMMNNNNmmI~MENE MOO00

OO0 m=NNANEOMMOMNNN~~OO000

[olel=lale T

te e 0000

lolelelelalelololololel elalolelololele
OCO000CROOCOMNORNMME T

0000O00OCOCOOCHNNMIE T TITMMNNN~OOD

aatllalallal- sl of
cesev oo

Yelel=l=le)
OMFQM#NMMNNU\UW\I‘\KW\WOU\OOO
e e e 0 80 00

OCO00OOCIOOO~NMMIMMMMMMN NN NN Mt OO

e ped et ek red e el el ettt O O O O OO O OO COOO

OQOOQOOOQOOOOOQO-‘—‘NNNNN

alalolololale oleolelolololol)

OOOQOOOOOOOQOOOQOﬂN~?¢mm

000000
veoev e
(o]elelolels)

[ole]elalole)
se0 e e

QOO000

OOOOOOOOOOOOK\\TU\PK\K\U\OQQQ

OOUQOUQOQOOQ"‘N\T NQRPP OO

CMNNDONNOM ISP
Y EE IR I EEE R
O Q=NNONINV OV OL V0

©O0000 oococooEoooo tj
* [

foYelelo]ololsloleloleloole )
owmodoomthhpphmo
0.0’0.0.000'00.0

0O MNM TG0 V0 00V

COUROCVROUD

do.o.oooovootooot

olelolelelolele olalalolels (o

ooooooooooooooobmommmmmtmmmmmwo
deevesreoecosesseiseer e fl

0000000 0OOOCO00

000000TOO000OCOROVNBMINNT TOMOMNMN , '
e oostsseciesopeeseotss i e

O rd i NN NN N NN N O

ololelo]l=lolo elelololole el

00000COOOOCCOOOOMPINIANN ONRMONNM
sssosonesjeenctseociapons el e

lele o]
N=OMOOO00

NN~ OQO00

COQOV0O '
O THNOMNOO

C O R~NNOOQ

0.0

NNNN~OOD

DN T (TN

nH~InNo o0
I XNEXER
naNOOOO




*

1

3 ovad o lie s evheiediReay £ 5 UIUENYPETY L

s B

s s Y S SR

_ov1050°0—— | 020 || ~Lzz88220— | 020—| | ~€21EEE20— D20
2868L9°0~ | 08°0- Y»6880°€~ |00°2- 2zLeyy oy~ |23y~
DRI - EoLszezeZ- .| 00°2~ BEYGEH*Z~ - |00° Y- 1336G68°8~- . |00°6~.
K €22995°€- |0G°€- $209sL°9- |00°L~- 83L923°€1~- |0D2°€E1~ .
P | 968¢¥1*9~- |DE®S— y¥0908%°8~ [06°6— 218901°91~ |20°L1-
. ELETSS*G~ [02°9- 9BLGLY*ET~- |00°TT~ yL8%01*22~ |J25°12~
_ecroezeti- |32t -—|| —49€%200201~ {00261~ || ~836L81292= 1.00°3C-—
. gotstiz e~ ,|2)°8~- . €1a3t9o°L2- |00°82~ 962992°62~ |J)°0€-
LELELT 0 0°0" 9TE2€6°6~. [20°01— €7162€°8€- [00°LE- o¥89LL*GE- |J0°SE~
£6L122°2~ |(0G:1- BETY0E €1~ |0D°E1l~ G6h1%9* 1Y~ |D0°EV- 9L2159°6€E~ [20°0%~
6650401 2€— 00°€~- 1€66€2°81— | 20°L1~ 051€L5° %€~ |00°9€E~ 095%9EEY~ | 00° %Y~
greoeaty-  100L5C gy0ciB*61-.|00°02-:|| 609969°52- {00°0€- »6IGTE Y~ | 02wy~
-0912ts8— 006 _Oh9eELezZz= |002bz=.|| -0SCERL=EZ~ [00°02~—| | HLELLIZGE= | DIGE~—
Mwmwmm”““n 00I11- L3y6ElL*9¢~ | 00°82- y¥88LLE*9T~ |08°91- 279289%°62-.|00°0€~-
5¢26646°61~ |00°61- || 806168°01-:|00°01~ LDEYBTI*Y1~ |05°G1~ 1€2915°91T— |00°L1~-
mwmwm»"mwu wwnmmn - 166689°0~--:{00°T~ . gesha2L*2l- [00°T1- 1€56L1° 11~ |2D0°01~-
51105015~ 100 Li—| | —65685E2HT 100291 — 198224820~ |—320— || 63146322 — | 06—
J95ca6 8- 99:21- EESYED ST | 00°LY 682€91°L 02" % 692LT»°11 02701
Geoceic - 100°9 - 01295291 |00°ST 686096°6 - |00°01 0£LBLE®ST | 00°91
262€%2°11 . {06°01 L512%»d°st | 02°%1 615285°%1 [0D0°9T - 601€65%°22 [|00°2¢"
»wmmmwuw“ meMA, 93yy58°eCt 0o*21 »13812°81 |00°61...||:6L9¥92%€2 - |02°¥e.
GOTEli"H1 om.m“ €18986°L 00°01 1L1889°LT {0J°91 . ¥L1009°81 | 00°02
~y 0T a221— [00+€1 9362¢528_ |Dees_ || —960¢zze01 . 00221 || —263€LITL— {0301 —
wmmmmwuw 99:¢ 00011L "9 03°9 911BE66 09°6 TELYSTICY 1| D0°E
Ce0bEDS 05°% B2L29E"S 0G°*Y YoZLLIY 00°6 ..809818°T.. . |98°1 ...
vehllece 02°€ ZGL6EDE  |DD°€E 6968€7°0~ |00°1 65L028°0~ | 00°1
£5¢260°¢ - 99l¢- 9%1062°0 08°0 Lzzs8e2"0 0°0 - LEIVGEE®O .. | 0Y°0 .
5E%691°0 0€*0 . 0¥10602°0 0°0 Lz2zs82°0 0°0 EIVSGEO 5°0 -
~#8y8si20 |mwwlll..lb&aomohb!||w10h011. ~L22682°0-— |-020—— —£3166£20 | _0%0—
v8o8o1°0 8- || wwjomw () , 0°0 _ L2282°0 2°0 mommmm o;; 9°0
AdLVINOIVO | NIAID || a’LVTINITIVO NIAID adLvINoIvo | NIAAID aaLyINOIvVO NTAID
HOX €0X 20X TOX
(s h
BORTUA  BhaIndumios A Troua puw (& ~dTel) TmeadorThausodaooto autodiun UOATSE JO U.1oy

*ITd 298)

pozia s Frd



e s e S

. | | R SR (o R
Wﬁ&b«bohcn: _nsg_ || —95e91220 | 30 || 99596020~ 00— 345060220~ —020—]
DESSHE*T~ | 0G6° T~ .9EL99€*0~- | ov°0- ||  S1B998°0- 08°0-’ © gIw9t12°2- | 00°1-

. 26E188°2~ | 0§6°2~ -Y8%¥9EL1~. | OG°1- .9CEEGR° T~ | 0G6°T—- 869€v¥3°1- | 20°2-

" HD1EBI*Y~ | OGE~ Zv9s25°1-.| 00°2- LEggEI®2— | 032~ €zLezrzee- | 9s°2-
6LEZB83°2—- | 06°v~:.|| - ElEGZ2E®Z~ | 03°C- . BBICEY*E~. | 06°€E—- »06965°%— | 06° €~
.2686%0°9~ | 06°§~" " 29%615°¢€~ | 05°€- “ lgGEpGoy~ | 06°%— || 18vsid°Z- | 00°H-—

lh#wowwlpnr 0g29--"| —oL30odeeL~_| 3524~ || —H2361pC~— DESG=— L $69961°C=_1| 002G=
6869€9°9~ | D0°L~- GLGELG*S~ | 05°G~- 8L2s69°G6~ | 00°9~ 90%%69°6- | 00°9—

-~ 60%%9%°8~ .| DE*B— || ; €ZIEPE"L—- | OG7L~- LEY6G3°9- -] 00°L— 81%903°5~ .| 00°56—-
262655°01~{ 00°01-|| - 0JEZIS°6- | DI°6~ L9EERI=B~ | D0°8B-— . 91086%°T11~| 00°11~

. OYEYOG*ET~| 00°%1~-|| --92269%°01~| 0B°O1~- 890282°21-| 0021~ 651%51°»1-| 0G°E1~-

. GTIE9LI"LI~-| 0D°LT~|| . 2BELLY"€Y-| OD°EI-}| ¥vBLELI"G1- 09°61~- | G2i8v1°»1-| J0°S1~

. BZSETY*TI2~| 20°12~ 3%%96L°LT~| 2)2°8B1~- goygeztl*s1—| 00°S1~ S05803°€ET~| OG°ET-

..192688°22~| 06°22~|| --s05L2%°02~| 05°61~|| -LLESIS°EL- DO°ET—. sELLEL®2T-]| 06° 11~

 98%¥sB9°22~! 0g°€zZ~!|| - 682L29°02-] J5°12- 956002°11-| 0011~ »5002%°01-] 20°01~

..9T0BEL*92~| 00°G2~|| --LE6G9OY*EC-| 05°CC~ 0v€98)2°8- | 00°8~ . LILIDE®9--} 00°9-
GELZIL*GZ~| 0D°92~- 9185%5°12~| 00°€2~ syG6€B2*G- [00°9- ~ B956EY°2 0°0

—£0005L201-] 0326I—|| —2L10p3201~| 03=0T~]| —223HHpEE~—| 0026~ | —BEITLZGIZI FOLI
BLITEE*OT~| DI° V11— $59%009°6—- | 22°6~ 890LY%5" ou 29°0 ELI9EBI*TY | J2°€El -

- €02025°6- | 06°%—.. ..G2YLEZ*9~ -] 00°9~ .. 600202°1 ...|-06°T. .. y99€d€°21 | 06°11
€E85%92° 0~ 0°0 - 90LG2L"€E~ | 20°%— © 26962€°2 “lioo-z 029%6L°91 | 03°01

. 6BLOEL"T 09°1 903661°1~.| 00°2~ yy92IY*2---[:00°2 - ZLziLy*s 22°8
95L963°0 oyt 9955L5°0~ | 9S°0 LYoty 08°1 . 2ZL1uZvy°s 20°9 .

—60LLEL22 | 022 || —94L082°0—| JL2T—| 1 . 09c89t*2 | oger || _6€9pEl2C | 006 —

 ESLLIE®O 00°1 1%261E°1T 92°1 €EyZ8I%°0 09°1 9389%L"€E 00°Yy

- 49128L*0 - | OL°O 1Y56%6°0 09°1.- - - 9€5895°0 08°0 - . DJEYSG3*2. | 06°2

‘ZyLlYYl°tl | DE°O 9%1BEE"T 08°0 "egezseLyel 25°0 ovv8eEd~Z. | 9d3°1

.-420280°0~.] 01°0.. .|| - 96L91D°0 -| 05°0 995962°0~ .| 0€°0. - .8%06023°0- | - 0°0 -
L20282°0~ | 0°0 96L912°0 0°0 995950°0- 0°0 ‘ 8%0603°0- 2°0

42028220~ 00 || —95L9Y0°0 —0=0—  _996960°0=|-02°0 || —8%0603°0=1 33—

, L20E82°0- | 02°D 96L910°0 : 0°0 . 995953°0- 0°0" 8%0602°0~- 2°0

P . e .. - t f——e. v L pe— e L M - e I o-d ey . i e en e oayoeases
adLviInoIvo NAALD adLv'IndIvO NIAID|| aaLVINOTVO NHAID nma<q:oq<o NIAID
80X Lox 90X G0




- 180 -

_6686L5°1 | _peo || 21262820 00 262221°0 —0°0 9L 12€5%0 2°0
6521L2° €~ 20°1- 815569° 1~ oo°t-|| ew9wew-2- | Oo1°1- 0731€3°0 02° 1~
LZLY0G €~ 262~ wzessi°1-.| oo°2-.|| -zecegsac2-.| 0B°C~- 162092°1-| 09°1-
. 65518BE°2~ 00°Y-— L9EBYZ S~ 20°6- ‘LItetl2*y—- | 08°Y- 6L6612°2~ J8°2Z-
.560955° 9~ 02°S~— . 96%1.80°8~..| 00°8- . 990€09°6~..| 00°9~ 022665°2— | OL*€~-
BlECEL "€~ 00° L~ L28081°6~ 00°01- LG181E*8~ | 00°8~- 9¢89€v L~ 0s°*%-
_281296°01= 20°6=/]|| -—0609%6=1l={ 00°Z1l= —66%919°1=| 00°bl=" 9495616 = 00°9=_
26GO0TL*ET-] OG°11- 6126%5°91~-] 00°S1- 0zIv¥%3°81~| 00°0Z— 035L62°9— 00° L~
€0y915°91-| 00°G1-|| L0ss26°61-| 0D°61- 10€£191°0€~| 06°62— 12y119°8~ 26°8-
—6254542°8%= > b 5B855L°81=l 0I=12= |b&bowr!¢ww 0I=HE~ Ihhbmo@l@il 2625m=—
- 6ETEYD ~506Y82" AN B 0 S omﬁmmmacenn 06°GY— - 1s986L Y112 00°21-
980015917 00°%1 06w LL6%5T 00°51 GEI861°99-] 06°9%— 96066E°91—| 00°61-~
L36626°22 00°GE pcwameo ze 00°0¢ 8LBGIY°EY~| 00°€EY~- 6zL198°61~| 00°51-
698LEZ"2CY 0Z°0% . DIvGES*6Z .| 00°62 . Gy19€Z°BE-| 00°BE- z32.8L°12-} 00°El-
8YEOOL°0Y 00°0% »9%961°62 os-L2 YLIYBE"ECE~-| DG EE~ 6LZTTE*L2~| 06°92-
_1.20822°0% | 06°8E|| -—9E€36#L092-| 096562 686905262~ D6262=|| —E3TLIZ6C= 26206~
E9€EZ2ZY EE 00°9€ " ozLess°12 0s°€2 LE90YB°G2Z~]| 00°62- 989LLEHE-| 0D°GE-
65G662L°CE J0°€E €06626°02 00°22 1L1968°LT1-| 00°61~- 101995°0%—| 00°8E-
»1G6E7°0E 00°62 LGG66%L°02 00°02 €Eg22%%*21-| 00°21- 94¥6298°6€~-| 05°0%-
819€2L°€2 09°62 6%€621°61 0z°81 0LE9BS°€~ | 00°S~—- 19€103°2€~| 0J2°0%-
LEYBED 91 00°91 82ZTTIEG LY 05°91 G1E69Y° T Dg°*2 LJE6BL°9E-] 00°LE-
_LLI%29°01-| o0ocrt]| 216809221 I5El- _gLegeley— oges || +~0212H3>8C= 20°L2=
99ST0E"6 00°8 _gLys8v°8 22°01 8G5€8Y°S oE°*Y 0z228L€°L1~| 00°61-
¥50G615°6 J9€°S .pztiLzcol | 00°L BZl10€E"¢C 0G6°€ - - 9Ly189°8-..| 00°6— -
L3%083°0 05°Y %31296°0 0S°€ ‘bEBIGEZ C 00°2 GEETIZ5° 2~ 090°1
986911 20°€ .0b6E9BL"E - 96°1 7L6LED®O 00°1 08sGLB*Y . 06°€-
prLLZ2 1~ 06°1 %L296€°0- 00°1 002102°0 0°0 9LESLIY 28°€
—2Z339p Yy =_| 0E20—] _Gleyseh=-| 0€20—|| -»0616620-— _pep-—|| —030LED2€—| J&E€—
6686LY° 1 2°0 z1e62s*o |- 0°0 1 262221°0 0°0 9L12€5°0 03°2
6585L%7°1 0°0 z12623°0 .0°0 2g2eeNo . -0°0 . 9L12€6°0- 00°2
6685LY7°1 2°0 212628°0 0°0 2seeei o 0°0 9LTLZ2€ES"0 01°1
6635L%7°1 0°0. ‘g1zeezsco 0°0 2gezezl°o .. 0°0. - 9L12€5°0 26°0
T aALVINOTIVO NJAID daLyIndIvo NAAID ad.oLviIndIvo NAAID danvyInNoIvo NJIAID
2TX TTX OTX 60X




AR e A e

0%1€EZ0~ : 1| zeZ9r3*0 | ‘_ZQ120E°0
Zvel2e®0~- | 01°0-~ L68680°E~ .6%9680° 1~ L6E6LS"0—
.122€B8E"0~- | 0€°0- EYEGBLT9~..| 0§°9-{| -22L9%12Y~.. 1060121~
»H29EE*0— | 05°0- Gb9126°6- | 00°Tt-| = sILlZYI°E~ 2LEZY3 1~
.g8891e°1~-.| 08°0- 686G6¥5°61=|" 00°s1-| Sve€SZL €~ LLIELBZ Y —=.. .
9%L0L9°0~ | 00°X~- %1829%°02-| 00°61- €0v02% "€~ oLss0s°2- | 0s°
6912631~ | 0§°1- BEyGOL-€Z-| 00°s2-|| - »ZB81S6°€- -00°L- 9260156°6- | .00°
620%€8°T1~ | 00°2- L90LY6°9T-| 00°91- 19082E°6- | 05°8- 1610%2°6~ | 00°9-
6868682~ 06°2=|| -SE26EIL0T= 00°0%T« .bhhm$japﬁ| 00°01=|| —9692€9°8=— 008~
€550TYEN]) 00-€- 202229 n~mw“ 00°9— ,nm,mmu.: 0s°11-|| —4885z%°01>| o0s§°6-
L36%15%2~"| 06°¢€~ €996LG* ~0°0.-— beeg1-|| . w10891812| s0s21~
91986E°Y— | 02°Y- z2v8689°2 .| 00°% dnnoac Aaa 00°21- »Z6v€5°11-| 00°%1-
1908%9°9~-..| 0LV~ 1€EY828?9...| 08°G-- 269162°9~..| 00°8- . 101686°61~| 00°91-
zz26v1L°6- | oL=s- || €E¥Y¥¥6°S og°L 831Y9L°6 00°01 Z02L8E"ST-| 00°%1-
9891640 | 06°9=1| 9561g82=8 | 0078 _6L2€L9°12| 00°L2-|| —2018Ek6=—| 03201~
€L2002°L~- | OE°L- 199€61°L 00°L 16LTv2°82 | 09°92 - 996950°0~- 0°0
sz8191°8-.| 05°8- 8L9680°9.—| 00°9 866001°22--| 00°%2 g»6T181°€l-| 00°2Z1--
119L%1°01~| 00°0%-| "BB6Y¥69°Y DE°S €96858°81 00°22 ¥%2618°92 00°22
. €98896°21-| 08°1T-|| S€E609Z°S.. 05°Y - .068021°L1..| 00°61 5€BO6E*TE-.| Ov ¥E -
81962€°%1-| 00°Si- EL6ZYY°E OL°€ T LE1960°81 00°91 || 656%8%°€E 06°2€
_Lzz1e2°bl=| Ds5evi1.l| -@GLEBEE | 0026— _e9ronaest | ooewr || —68c9cL=62-] 0052
129L99°€1-| OGS €l-l| €w2eLZ°Z 06°2 oLz09z°01 | 00°01 oL»y2L9*s2 | o0s°*%e
9ZEYGEST1~| OL°T1-|| [vEwLEZI=Z- | 0072 L€2806°G - 00°*L s81801°81 .| 00°02
S0%659°6~ | 06°6— 162655°0 oe"1 1¥2%01°S '00°S GLIBEY*9T 02°s1
819286°6~.1 00°9-:{| 0291190 00°T. - 862680°% .. :00°Y% . 2LB6ZY 6 09°0T.-
1€6€EL6°2~ | 05°2— 82L1L8°0 . 0€°O E9EY9C° Y 08°2 ZESGYI*9 06°S
_921998°1=—| 0022=|| -252826%0~- -020— _16g92%c2——| 0022 || —4L860&2%—| OIH—
OY1€€2°0~ | 00°1-— 009001°0 - 2°0 2€EZ9LI°0 0s° 1 29120€°0 00°2
IY1€EE2°0~-..] 0E°O0~ . 009001°%0-.—.] -0°0- 2€EZ9LI°0 - 00°1. .29120€°0 -~} --0°0---
OY1EEZ°0~ 0°0 . 009001°0 0°0 - 2€29L9°0 0€°0 29120€°0 | -0°0
0%1€EZ*0~ .. 0°0 .||l oov00t=0 ..{ -0°0.. || -2€29L970-- m.o.o . 2912Z0€E"0... :.0°0
S . b . N o o .
QAILVINOTIVO | NIAIO || QALVINOTIVO NIAID aaIvInoIvo | NYAID aaLvinoivo zm>Hc-
9TA GTX RTX e




"GGELES® 0:
.69208%° c:%
MAmuwmou

. 8860S9°%=-"
.b%??ﬂwlfll
H.dh.
mmmemc.--
1SL0YZ26T~

'09TLTY 8T~
?Jﬂf.,pt DV“

Onwcmo le

‘owm R

260L62°0

,08Y699°0~..
"ELZESD T~
-8€96G T2~
€66865°2~

201121°2=—

"HH66ERE*E-
" 19€E09L°E-~

?JDQDUQ b=

Lo n o, lI

.,37 FAIN
st
- LoLT2L" suw
019621201~
080L90°€1-
-8930L8°6 1=
GEYZ62°91 -
0ESO%E"LT~
95026%°S T~
.16E6T8°TT~
21521€°01-

SR v

EEESYS5°0-

'92%0%8°0~ .

620%2%° 1~

2286060~
9205292~
-120020°¢=_
LBRLEEE~
1608680° Y-
-G WeEs ﬂvmﬁv
m\.n”.,dr M o .a_m..\
2664519 L~
.¥B826ET1°01~
$60059°21~
13615 CT=!
L0ZTZL 91~

x

CEZ%085° 91~
229865°21~
.129629°8-":
6BLEBY"9-

mmccom 6~ 00°01 T1LLIBE S~ .99€22y"e~

naammn - 002~ -€E0EQED Y- . 90,8102

0 K #aoowu 2= 00°1- TLL2yd2- ooo~hPoOI.

om,hlt NwowON le - 0°0 - ,uwfmwr 0= .ocomwc 0=

ON n Qommom o .onﬂo ' ncoaow OI. rwawmwnolw
OOoo ;oo.u ‘ cmumnu OIW moaomowOI 0°0 -
oLs0.]] . -08°0"-|| .851€80°0~ . .8666€0°0=.] .0%0..
086° o.. 1v2682%0 0v°0 8S1€80° 8666€0°0-:| - 0°0' "’
Mﬂ 0. uewmww 0800 cnunmo.on wmoono.on; 9°0".
QNB¢ADOA<OH zm>Hc. QmB<ADOQ<0 .| NIAID QME<ADUJ<ON NIAID QNB<A:0J<O NIAID

02K o 6TX . 8TA CLTXR




EST R

A SN S PR
P PR VO | TV

400223°0=| 020 _¢»0012°0=| -—0%0 || -146882°0=. 020 _»Z2L€11°0= 020
6690%%°0~| 06°0- Le6g0L°0-| 08°0- © $258LL°0 05°0 yLEHTG®T 20°1
zgzgoz°2—~| 00°1- 123€8e°1~| O%°1I- .g8Lsye 1.l o02°1 0zZ8L6E 2. oe°2
€39€2L°0~| O%v°1~ €Ev5089°1-{ .'08°1- 815%%d°2 09°2 LozseLLe 00°€
€03L95°2=| 08°I- .1098LE®2~| OE®2- 0EYZ95°2.| 00%€. 159€86°%.| OE°%.
B815L62°1-| 05°1- LosgoL=z—-| 09°2- Z2898%S5°€ 09°€ 850089°Y 00°6
216118°Z=| 00°2= _%1€940°¢=| Ol°C= 0LL€91°6 | 00°6 —231613°9| 02629
,»68€03°0-| 08°1- 6YELT2*€E~| OE“E—|| = 250292°9 05°9 T1E9Y5°L 00°8
295912°2-| OL°1- 6DLEYS°E~| O5°€- 9L8TwL"L 06°L 6L6LLI°6 06°6
&hbhwﬂrfu DE=T= xr@vowvﬂwn 002§= A9H9EL28—| 0528 —cgp0EL=01| 08201
1961282505 OL°O0- 2gLieySesl 0s°2- 698YLY LN 0ecL wm%vww,:§ 00°0T
SLSTT»* 2 00°1 - .Lossidse~| oo0ve- yeyyelLsy’l 00°s EEVBED® 05°8.-
L1%890°S '06°9 25596E°1-| 0E°1- L92605°€ 00°€ YZLEIS®S 00°S
08E695°11] .00°01 . 6Y8925°0~] OL*0- L0110~ ..0°0. 9%0825%0- 00°1
9€2625°91| 00°81 88ELYZ° 0~ 0°0 y2€895°1—| 0§°T- 9E¥126°0~ 09°1-
050808=91 JL>LY -606491°0| 020 —£06€6L°2=| O0J°C— —9102L%°2= 06°2=
09LEEL*S1| 0E°ST »€6200°0 0°0 oyS1eEY°€~| 09°€- EGYSGZ Y- 06°%-
€EEEIY »1| 00°€l EY60%2°0~ 0°0 . 699062°%-| 06°€— GLIZEY"9- 06°6-
956511°8 -00°6 2y8900°0- 0°0 LEL8OLE~| 00°%- L59%%1°9~ ALE
y81681°Y 09°9 EYEEZI* O~ 0°0 .080L02%%~| OT°%»- LEGEOE"9- oL*9-
Ly2196°2 09°2 €029%0°0 . 0°0 EGE9IDI%~| 00°%- 85089E°9- 0€°9-
29668L°0{. 00 958840°0 | -—0°0-— 5L0L9L°€=| D3>E= AHGHH0°6=|  00°6=
L28L69°0~| 0L°0-|| = L60T€D°0-— 0°0 "6OEEST°€E~] DZ2°€- 051999°€~ 09°€-
J00EYED°0~| D6°0- $26L01°0 -0°0 . .6E52N9°2~| . 05°2~ - os0LL*2- 05°2-
S6ET19L°T1~| 106°0- ELY6LL°O- 0°0 gevye2z 1-| O0€°1~- 9%¥81ST1°T1~-| 00°1-
»EL122°1-| 108°0- 6LL910°0 . .-0°0- »95589°0~| 09°0- SEDST10°0- 9€°0-
826L61°0-| :09°0- 8EIZ90°0 | . 070 @dttte*0o-| 0€°0- 9599€92°0 0°0
25E92620=] 06°0= 5Lb611°0=| 020 5559¢1°0-| O1=0=~ 56591020  —0=0-
»00229°0~{ .0€°0- $%0010°0~ 0°0 125880°0~ 0°0 »ZLETT1°0- 0°0
»00222°0—-| 6Z°0- §%0019°0~| -0°0. 125882°0-| .0°0. HY2LETL® 0~ 0°0
¥00229°0-| 02°0-~ $%2012°0- 0°0 1L5882°0~| ~ 0°0 yZLELL*0- 2°0
'»02223°0~| J1°0~ . 6%2012°0-|  9°0. - 1L5882°0-| .0°0. y2LETL"O- 0°0
[ T o . t e . t 4
qALVINOTIVO | NIAID|! aILVTINOTIVO | NIAID aaLyINOIVO | NHAID aaLvinOIvo | NHAID
CYRS €2X cck TCA




: 1zz€9€s0=] —0c0_|| @ 1z9Beze0= ~_-0°0. © _CE1663°0 ,ﬂ|bhb| _168681°0= _0°0
1L9192°0-] - 0°0O T ZhhlEeZe0-|" 02°0- “L1osLz*0-| 06°0- Iry961°1 0°0
. 969190°0-| O1°0- oyg6e2~l-| 06°0- €90185°1={ 0L%O- 6y5108°1.| ~ 0°0.
" OL9BEL*O0-| O0Z°0- 1ov26L°0-| o00°1- ZE9TEL*O—| '06°0- . 9960%3°0- 0°0
_96GLEB*O.. 0E°0- gzLy63°1~| OT=1- 9LLyoL*1-| DO0°%1-= 185%s2° 1. 290°1..
61%€L9°0-| 0€°O- . 16992°0~-| Ol1°1- 650811°0-] 00°1- 6022£2°1 00°2
_girzeza*o=| 0€°0= 211695°1=| 00°1= _610866°1=| 00°1= _gebuabey | OncE
€L6B6ZO DE* O~ cEveE6Ze0-| 08°0- LTy 0~| - 00°1~ €25296°€ 00°G
05810L°0~] 0OE°O- 9L90€2 0~ 21°0- ommmev.ou oL°0- ELIEHD®D 0€°9"
. |§wmmvmno|. 020 6E- 9220 =01 020 —£3518628— 2624
. « m,.a. 0E°0 -LBEBIY.S, m 02°1 -2hz98sSrll  o0z-2 ~y65025°81 00°02
, . 00°1 65901 " 00°2 owﬂ@w . 009" $BEBLOZE 0G°€2
\ pempﬂp 2 0g"2 . 206GL5°€ 0G°€E ovEZ260°L 29°8 Ev6169°02 00°0¢
. 4 _ggwzovez-| o00=€. .|| ~voILYLs9 | 00°9 _g9evov el 00°11 0092€6°61 00°91
_ SYEBGB°Y 06y "£95€83°21 00° %1 ovszLa*sl 00°L1 geLr0d°2l 0o°21
- -1082¢€2°9| 0029 ozzzal=9xl 00=1 w1968y 00°sl 986986°8 1 05°L—
T YLYYIS°*9 06°L €08L6Y°61 09°61 1v9€10°L1 06°91 BoY263°2 00°€
= 692Z%E1°6 | 00°6. 2vy1562°02 20°51 985TYY° 1 00°€1 oL6218°1-| - 0°0-
i B 99z0L9°21| 06°21 91L0652°51 00°91 ZY9vES"B 00°01 YEG61%° 0~ 00° 1~
i) _t1zezes91| o00°sl .L621€0°21 00°%1 651%0EJD°G-- o°L . 9LZEYL"D.. 26°0—
o EESO0Y9°81 06°61 L62505°01 06°6 GL6YYY°2 02°1 165662°0- 090~
112226202 061% ollbu3e9 | 0229 95909020~ OL°0w- —910122°0=1 0E°0-
6Z2¥6L3°61 00°02 Li9vgL®2 20°€ 8596€3°0-| 05°0- 9€0EIE T~ 02°0-
. 1€8661°91 00°91 1286192°0 " 0°0. ZEL16Y°0-| OL®O- L08L62°0. D°0
zsgo6ia2l 00°21 ZEVEBL®0- 08°0- 61vy80e°1-| o¥°0- LY650€EL°0~ 0°0
»%2980°8.| 00°6 9z%689°1-| 00°1- 6%568E°0- 01°0- 6z18L2°1 - 0°0
LILYy2Z*Y 00°Y - 10116%°0-| 02°1~ Lz211v°0 0°0 2y0081°0 0°0
_c1z86e°1- Do=1 || ~-€£524L°0= 0DO21= 22615520~ 00— _golEehol-] DO
122€9€°0~ 0°0 1298%2°0-| ©08°0-~ €E1660°0 0°0 168681°0- 0°0
122€9€°0~| Ov°O- 1298%2°0~| 06°0- €C1660°0 0°0.- . 168681°0- 0°0 -
122€9€°0-| 05°0- 1298%2°0~ 0°0 €c1652°0 0°0 . 168681°0—- 0°0
. 122€9€°0-| '06°0- 1298%2°0- 0°0 €E1652°0 .0°0". 168681°0- 0°0 .
adLvIno1vo NAAID|| Q4IvINOIVO | NHAILD aaLvINOTIvO NAALD GALVINDIvO | NEAID
| 0EX 62X g2k L2k




- 195 =

REFERENCES

[1] F.N. Wilson and R.H. Bayley, nThe electric field:-of an eccentric
dipole in-a homogeneous spherical conducting medium", Circulatilon,

vol. 1, No. 1, pp. 84 - 92, 1950.

[2] E. Frank, "Electric potential produced by two point current
sources ‘in-a hombgeneous conducting sphere", J. Applied- Physiology,

vol. 23, pp. 1225 = 1228, 1952.

[3] R.H. Okada, "Potentials produced by an eccentric current

dipole-in a finite-length circular conducting cylinder",- IRE Trans.

Med. Eleet., PGME - 7, PP. 14 - 19, 1956.

[4] R.H. Bayley, "The electric field produced by an eccentric
dipole in a homogeneous circular conducting lamina", Circulation

Res.; vol. T, pp. 272 = 276, 1959.
[5] G.C. Yeh, and J. Martinek, "The potential of a-general dipole

in a homogeneous conducting prolate spheroid", Ann. New York Acad.

Se., vol. 65, pp. 1003 1957.

[6] E. Frank, "The image surface of a homogeneous torso®, Am..

Heart J., vol. 47, pP. 757 , 1954.

[7] G.C.K. Yeh, J. Martinek, and H. de Baumont, "Multipole repre=

sentation of current generators in volume conductors", Bull. Math.

Biophys., vol. 20, PP. 203 - 216, 1958.




-196-

[8] -D. Gabor and C.V.:Nelson, "petermination -of the resultant

dipole*of’thE'heart frem‘measurements-on-the?bedyfsarfaee"g J. Appl.

Phys;,=vol;725;'pp.'u13--~Mlﬁ, 1954,

[9] D.B. Geselowitz, “Multipole'representationffor-an-equivalent

cardiac generator", Proc. IRE, vol. 48, pp. 75 - 79, 1960.

[10]:S.A. Briller, H.L. Gelernter, D.B. -Geselowitz and J.C.

Swihart, "The human quadrupole image surface"; Circulation Res.,

vol. 28, pp. 694 - 695, 1963.

[11] D.B. Geselowitz, "Pwo Theorems concerning the quadrupole i
applicable to electrocardiography", 1EEE Trans.-on Blomed. Elect.,
vol. BME-12, No. 3 and 4, pp. 164 - 168, 1965.

[12] R. Plonsey, npheoretical considerations for a.multipole

probe in electrocardiographic studies", IEEE Trans.-on Biomed.

Elect., BME-12, pp. 105 - 112, No. 2, 1965.

[13] H.L. Gelernter and J.C. Swihart, "A mathematical - physical

model of the genesis of the electrocardiogram",-Biophys.:J. vol. 4, .

pp. 285 - 301, 1964.

[14] R. Bellman, C. Collier, H. Kagiwada, R. Kalaba, and R. Selvester,

urements",

"Estimation of Heart parameters using skin potential meas

Comm. ACM, vol. T, No. 11, pp. 666 - 668, 1964.



e on ]
LN
RaAesa}

o LN TR ASATIIAAAE Al
AT S e

- 197 -

[15] R.C. Barr, ?.C. Pilkington, J.P. Boineau, and M.S. -Spoch,
npetermining surface potentials -from current -dipoles with appli-
cation-tO'electrocardiography“,'IEEE Ppans. on-Biomed. Elect.,

sol. BME-13, No. 2, pp. 88-92, 1966. - i

[16] T.B. Johnston and J. Whillis (Editors), Gray's Anatomy

Deseriptive and Applied, pp. 691 - 692, Longmans,:Green & Co.,

SIS TS

London, 1946.
[17] F.N. Wilson, F.D. Johnston, F.F. Rosenbaum, H. Erlanger,

C.E. Kossmann, H. Hecht, N. Cotrim, R. Menezes de Olivelra,

R. Searei and P.S. Barker, nThe precordial electrocardiograms“,

Amer. Heart J., vol. 27, PP. 19 - 85, 1944,
[18] ‘D.-Sedi-Pallanes, R.W. Brancato, F. Pileggl, G.A. Medrano,’

A. Bisteni-and E. Barbato, "The vegtricular activation and the .

veetoracardiographic curve", Amer. Heart J.,-vol. 545 PP. 498 -
510, 1957. '
[19] A.M. Scher,

nglectrical correlates of the cardiac cycle®, in

Med. Phys. and Biophy., Edited by T.C. Ruch ané J.F. Fulton,

W.B. Saunders Co., 1960.

[20] R.A.-Massuml, A. Goldman, L. Rakita,~K.,Kuramoto,,M. Prinzmetal,

"Studies-on the mechanism of ventricular activity," Am. J. Med.,

‘vol:-19, pp. 832 - 848, Dec. 1955.
"The pathway-of ventricular depola-

4, pp. U461 - 469, 1956.

[21]-A.M: Scher and A.C. Young,

pization-in the dog", Circulation Res. vol.



. =198 -

[22] D. Sodi-Pallares, R.¥. Brancato, F. Pileggl, G.A. Medrano, !
A. Bisteni and E. Barbato, "The ventricular sctivation and the s

vector-cardiographic curve", Amer. Heart J., vol. 54, pp. 498 -
510 3 19570
(23] D. Durrer and L.H. Van der Tweel, nExcitation of the left 1

ventricular wall of the.dog and goat", Ann. N.Y. Acad. Sc.,

vol. 65, pp. 779 - 802, 1957. I
[24] A.M. Scher and A.C. Young, "Ventricular‘depolarization and

the genesis of QRS", Ann. N.Y. Acad. Sc., vol. 65, pp. 768 =

778, 1957.

.
[25] W. Einthoven, G. Fahr and A. de Waart, "Uber-die richtung

und die manifeste grosse der potentialschwankungenfim*menchlichen

herzen und uber den einfluss der

elektrokardiogramms", Aren f. d. ges. Physiolz;*voitfis;‘pp. 275 -

herzlage guf -dte-form des 3
|

b

"On the’direction“andfmanifest“size of *J

315, 1913. (In English:-

the variation of potential in the human heart“and“on*thefinfluence

of the position of the heart on the form of<theﬂEieetrocardiqgram",

Am. Heart J., vol. 40, pp. 163 - 211, 1950.

[26] W. Kaufman and F.D. Johnston, "The electricai?conductivity

of tissues near the heart and 1ts bearing onﬂthefdistribntion of

cardiac action currents", Am. Heart J. vol.f265fpp;=ﬂz“;15ﬂ, 1943.




- 199 -

[27] C.V. Nelson, R.L. Lange, H.H. Hecht, R.P. Carlisle and A.S. Ruby,

wgffect of intracardiac blood and of flulds of different conductivities

on the magnitude of surface vectors", Circulation , vol. 14,

pp. 977 - 977, 1956.

[28] D.A. Brody, np Theoretical analysis of intracavity blood mass

influence on the heart lead relationship", Circulation Res.7Vol. L, _}

pp. 731 - 738’ 19560

[29]
rpurther studies on the effect of intracardiac blood on the

electrocardiogram", Proc. New England Cardiovas. SocC., vol. 16, @

pp. 20 , 1957 - 58. 4

[30] €.V. Nelson, M. Chatterjee and W.H. Austin, "Thorax model F
_ |

studies of the effect of the blood inside the heart~on the _ :

electrocafdiogram“, Circulation y vol. 20, pp. 145 - TU5,.1959.

[31] C.V. Nelson, M. Chatterjee, E.T. Angelakos and H.H. Hecht, s

"Model studies on the effect of the {ntracardiac-blood on the &

electrocardiogram", Am. Heart J. vol. 62, pp. 83 -.92, 1961.

(321 J. Martinek, G.C.K. Yeh and H. de -Béaumont; nThe-inconsistenclies

of present-day mathematical - physical methods pertaining to current

generators in volume conductors used in electrocardiography“, Bull.

Math. Biophys., vol. 21, PP- 61 - 70, 1959.

331 F.N. Wilson, F.D. Johnston, A.G. MacLeod and P.S. Barker,

"E1ectrocardiograms that represent-the potential'variations of,a

single electrode”, Am. Heart J., vol. 9, PP. 447 - 471, 1934,




- 200 -

[34] F.N. Wilson, F.D. Johnston and C.E. Kossmann,"”The'substitution

of a tetrahedran for the Einthoven triangle", Am. Heart J., vol. 33,
pp. 594 - 603, 1947.
[35] H.C. Burger and J.B. Van Milaan,‘“Heart‘vector*and~leads“,
Brit. Heart J. Part I - vol. 8, pp. 157 --161, 1946,

Part II ~vol. 9, PP. 154 --160, 1947.

Part III vol. 10, pp. 229 -233,.1948...
[36] E. Frank and C. F. Kay,-"A reference potential: for unipolar
electrocardiographie: measurements-on modeisfy-Am.= Héart'é., vol. H6
pp. 195 - 214, 1953.

[37] R.P. Grant, "The- reiatienship‘between'the;annxﬁmic“position

of the heart and the .eleetroeardiogram,” A critisisanﬁf'unipolar'

electrocardiogram",‘Circulation 5 V01, T PR +890: -»902, 1953
[38] E. Frank, "The image-surfaee-of~the~hamageaeeus%¥oiéb“; Am. .\\f
Heart J. vol. 47, pp. 757 = 768, 1954. ‘

[39] E. Frank, “Determinatien:of:theveleetricai?eentreaof'the ven-

tricular depolarization;in-the:human~heartﬁ;zkmxxﬂe&r&ﬂﬁ:? vol. 49, 1
pp. 670 - 692, 1955. _ L) !
i
i

[40] E. Frank, "An aceurate- elinically practieaafsystemﬁfor"spatial
vector cardiography", Circulatien: y-Volit 13,‘pp4,737~-7ﬂ9, 1956.
[41] R.A. Helm, "An accurate lead system for spatial vector
cardiography", Am. Heart J. vol., 53, PP. 415 =-424, 1957.

[42] R. McFee and A. Paiungao, "An orthogonai“leadfsystem‘for clinical

electrocardiography", Am. Heart J., vol. 62;°PP. 93 =+100, 1961.




- 201 -

[43] D. Gabor and C.V. Nelson, "Determination of the resultant dipole
of the heart from measurements on the body surface",-J. Appl. Phys.,

vol. 25, pp. 413 - 416, 1954,

[44] G.C.K. Yeh and J. Martinek,~"Comparison-of“surface:potentials due

to several singularity representations of the:human-heart®, Bull.

Math. Biophys., vol. 19, pp. 293 - 308, 1957.
[45] R.C. Barr, T.C. Pilkington, I.P. Boineau-and M.S. Spach;,”

"petermining surface potentials from currentfdipoiéé*ﬁtth*applibation.

to electrocardiography", IEEE Trans. on Bio-Medieal-Engineering,

vol. BME - 13, No. 2, pp. 88 - 92, April 1966. %

[46] — R
"Comparing methods of generating surface potantiais®;-IEEE Trans. on- g
Bio-Medical Engineering, vol. BME - 13, No. 4,~pp.7210 - 211, -\Q
October 1966. “

[47] R.H. Selvester, C.R. Collier and R.B. ?earsen,""knalog ‘computer ﬁ
model of the vector cardiegram'y Cireulation; vol. 31 pp. 45 =53, 1965x.
(48] R. Bellman, C. Collier, H. Kaglwada, R.:Kalabe;-and R, Selvester,
"Estimation of heart parameters using skin potential“measuréments",

Comm. AGCM., vol. T, No. 11, pD. 666 - 668, November 196k .

[49] R. Bellman, H. Kagiwada and R. Kalaba, -"Orbit-determination as

a multipoint boundary value problem and quasiiinearization", Proc.

Nat. Acad. Sc., U.S.A., -vol. 48,-pp. 1327 -=1329, 1962,

[50] R. Kalaba, "Some aspects of quasilinearizatibn ;in 3P, Lasalle

and S.-Lefschetz (Eds.), Nenlinear'differentiai*equatiens and non-

-1inear-mechanics, Academic Press; -New York, 1963.



=]

=

-202 -

B e ]

[51] R. Bellman, H. Kagiwada, and R. Kalaba, "A computational
procedure for optimal system design and utilization™, Proc. Nat.
pcad. Sc., U.S.A.; vol. 48, 1524 - 1528, 1962.

rs2] "H.D. Young, Statistical Treatment” of Experimental Data, pp. 126

- 132, McGraw-Hill Book . Company,. Inc.,.1962..

[53] D.V. Huntsberger, "Elements of statistical inference,

Allyn and Bacon Inc., Boston, Mass., 1961.

[54] M. Ezekiel and K.A. Fox, "Methods of correlation and regression

analysis", John Wiley, New York, 1953.-

[55] R.L. Anderson and T.A. Bantroft, "Statistical theory in Research",;

McGraw-Hill, New York, 1952. AT |
[56] F.E. Croxton and D.J. Cowden, "Applied: General-Statistics", ‘%
pp.-750 = 751, Prentice Hall Inc., 1958.

[57] J. Durbin and G.S. Watson, "Testing for=ser1al=correlati§n in ?
least squares regression I", Biometrika, vel. 37,-pps- 409 - 428, 5
1950. |

[58] J. Durbin and G.S. Watson, npesting for serial correlation

 in least squares regression II", Biometrika,:-vol. 38, pp. 159 -

178, 1951.

[59] H. Theil and A.L. Nagar, "Testing the independence of regression
disturbances", Amer. Statist. Assoc. J., vol. 56, pp. 793 - 806, 1961.
[60] Karl Pearson, "Tables of Incomplete Beta Function”, Cambridge

University Press, 1948.



-.203 -

[61] S.J. Prais and H.S. Houthakker, "The analysis’ of family budgets",

pp. 53, .Cambridge, 1955.
[62] A.M. Mood, "Introduction to the theory ofstatistics®, p. 311,

AT o Aemrmas £k 2 < 8 e e i
——

MeGraw=Hill Book Company,.Inc., New York, 1950. -
[63] John von Neumann and Herman H. Goldstine;-"Numerteal- inverting of
matrices of high order", Bull. Amer. Math. ‘Soe.; Part 2, vol. 53,

pp. 1021 - 1099, 1947. | - E

[64] Herman H. Goldstine and -John von Neumann, "Numerical inverting of 2

matrices of high order II", Proc. Amer. Math. Soe., vol. 2, pp. 188 - %

202, 1951. -

[65] G.E. Forsythe, "Solving linear equations can-be-interesting",

Bull. Amer. Math. Soc., No. 4,-vol. 59, pp. 299-="329, .1953.

[66] Alex Orden, "Matrix inversion and related-topies by direct

\
methods", in Mathematical Methods for Digital Computers, (Eds:) q!ii
A. Ralston and H.S., Wilf, John Wiley & Sons Inc., 1965. . ...

[67] F.B. Hildexbrand, Introduction to Numerical:-Anafysis", McGraw-
Hill Book Company Inc., New York, 1956.

[68] E.T. Godwin, (ed.), "Modern Computing Methods"; Philosophical
Librar&, New York, 1960.

[69] R.W. Hamming, ."Numerical Methods for Scientists and Engineers",

McGraw-Hill, New York, 1962.

[70] R. Van Norton, "The solution of linear equations by Gauss-Seldel

Method", A. Ralston and H.S. Wilf, (Eds.), John Wiley, New York,

pp. 56 - 61, 1965.



- 204 -

[71] M.A. Efroymson, "Multiple regression analysis", Mathematical

Methods for Digital Computers, (Eds.) A. Ralston and~H.S. Wilf,

John Wiley & Sons Inc., 1965.




NAME:
BORN:

EDUCATED

PRIMARY:

SECONDARY :

UNIVERSITY:

DEGREES :

- 205 -
VITA
Syed Imtiaz Ahmad

Lucknow, India, Dec. 1, 1941.

Muslim High School, Rawalpindi .

Pakistan (1951 - 1956)

Gordon College, Rawalpindi

Pakistan (1956 - 1958)

Government College of Engineering and
Technology, University of Panjab, ‘
Lahore, Pakistan (1958 - 1961) Q
University of Ottawa (1962 - ) |
B.Sc. (Elect. Eng.) Lahore,.Pakistan (1961) i

M.Sc. (Elect. Eng.) Ottawa, Canada (1964)






