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1.0 INTRODUCTION

The purpose of this thesis is to formulate an equation

which describes the time dependence of the flux distribution in

a rectangular toroid of ferromagnetic material subject to given

boundary conditions and to provide a numerical solution to the

equation. This is of interest because it allows one to predict

the time necessary to release a no-work magnet in an electro-

mechanical system or define the switching time of a toroid used

in the core plane of many modern digital computers. An analyt-

ical solution also provides a convenient tool for optimizing

the many problem variables or studying the effect of changing

one or more of the variables on the magnetic performance of a

given electromagnetic circuit.

Development of theory and assumptions necessary to derive

such an equation for the special case considered, i.e., for the

toroid of rectangular cross section as illustrated in Fig. 7,

or the electromechanical system as illustrated in Fig. 2, are

given in section 2.0. The resulting equation obtained by

manipulation of Maxwell's equations was found to resemble the

diffusion equation when subject to the assumptions required for

the problem of interest. The Hysteretic Diffusion Equation,

equation (2-28), expresses the desired relationship for specify-

ing the magnetic field intensity H as a function of position

in the core and time. It should be noted that H is written as

simply H for convenience and represents H(x,y,z,t).



dE (Cp + H)^
(2-28) =

dt crc-LCp

+ -

dx2 dj^

where H is the magnetic field intensity (z component)

C is the material conductivity

C-, is a constant specifying material properties

C2 is a constant specifying material properties.

A discussion of the effects of eddy currents and concepts

used to confirm the existence of a flux distribution in the cross

section during a transient condition are given to aid the reader

in understanding the problem.

The task of evaluating H was accomplished by using the

Modified Euler method of numerical integration in which the rec-

tangular cross section was thought of as being divided into a

grid. Each grid represented a toroid with a time-variant field

intensity. This allowed one to express the Hysteretic Diffusion

Equation in its finite difference form and approximate du/dt

by numerical techniques. Once this quantity was known, Euler 's

method was used to predict an approximate value for the field

intensity of each grid area at a time At later, thus an

approximate solution was obtained for H as a function of time

for each grid area of the cross section. Values of flux density

B, were obtained by substitution of H in an equation approxi-

mating the B-H relationship for the given ferromagnetic material.

One must remember the numerical process yields only an

approximation to the actual values. Accuracy increases as the

grid size decreases; however, the process becomes very slow for



very small grid sizes because the maxinium time increment allow-

able to insure convergence of the Modified Euler process is

dependent on many of the problem variables as shown by equation

(3-1+4).

crc-,Cph^
(3-14;) <At <

2(^2 ^ H^3^)

Consideration of conditions for convergence and accuracy

of the process are given in section 3-h'

The last two sections of the thesis describe the program

end various input variables needed to execute the process.

Each input variable and its function in the program is discussed

in section l4.'2B. A sample problem with a typical input data

set and the corresponding output data is given in section S-O.

Results of the data indicate a flux distribution and flux decay

as predicted by sections 2.3 and 2.4.
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2,0 DERIVATION OF THE HYSTERETIC DIFFUSION
EQUATION FOR A MAGNETIC BOUNDARY

VALUE PROBLEM

2.1 Introduction

A problem of interest to many is the solution of the dif-

fusion equation sometimes called the heat equation. It is use-

ful in describing the temperature distribution in an iron bar

as a function of time, or in the magnetic case, the time depend-

ence of the flux distribution in a toroid of magnetic material

subject to given boundary conditions. It is the latter case

which will be considered in detail in this thesis. The solution

of this particular boundary value problem is important in pre-

dicting performance objectives and analysis of many components

in modern digital computers as well as being of use for analyt-

ical evaluation of heat transfer characteristics and other

problems in many other fields described by the equation. For

example, the memory of most modern computers consists of core

planes in which rectangular toroids are affixed at the junction

of two write windings as illustrated in Fig. 1.

To magnetize the toroid one-half of the current needed must

flow in the proper direction through both write wires threaded

through the core; thus the core is magnetized in one particular

direction which designates a "1" bit and the opposite direction

which designates a "0" bit. During a read out of the memory,

the direction of magnetization determines the direction of cur-

rent flow induced in a read winding and in turn determines the
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Fig. 1. Section of a memory core plane.
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Fig, 2. Electromechanical device (no-work magnet).



presence of a "0" or "1" bit. One can see that it may be desir-

able to know the time to accomplish flux reversal during the

write time. Furthermore, an analytical method of determining

the reversal time for various cores of different sizes, shapes,

materials, etc., would be convenient since this time could be a

significant factor in determining the speed of the computer.

The solution could also provide information useful for im-

provements in the design of present-day input-output equipment

for computation systems. Many high-speed card punches and

printers use electromechanical devices in various punching and

printing techniques, all of which require elaborate sequential

timing and mechanical movement to accomplish the desired result.

Let us consider the electromechanical device in Fig. 2.

Suppose a voltage E causes a current I to flow through the

coil which produces a flux sufficient to overcome the force

kx and hold the core and armature together. When I is re-

moved (i.e., E = 0), the holding force is removed and the spring

force allows the hammer to impact the stop. An extension of

this principle is used for modern printers which can print at

the rate of twelve hundred lines per minute with one hundred

twenty characters per line. The time required to release the

magnet becomes of prime importance since sequential timing and

logic circuits required to release the armature cause a release

and hold operation cycle to occur at very high rates of speed.

A typical release time might be one millisecond. This same

mechanism is used for obtaining punched cards and the same dis-

cussion could apply.



Due to effects of mecnanicai inertia, eddy currents gener-

ated by the rapidly changing boundary conditions on the magnetic

circuit, and other factors, it may be desirable to provide an

analytical solution which would account for cr.anges in the

parameters affecting the electromagnetic performance of an elec-

tromechanical system as outlined in the previous discussion.

Assuming that the junction of the armature and core assemuxy of

Fig. 2 does not provide an additional reluctance to impede the

flow of flux across it other than that of the material itself,

one can use the results of the following procedure to gain in-

sight on effects that parameter changes produce on the electro-

magnetic performance.

2.2 Magnetic Circuit Concepts

Magnetic circuit considerations are closely analegous to

those of resistive electrical circuits; however, the cause and

effect relationship in the magnetic case is nonlinear, i.e.. the

reluctance of a d-c magnetic circuit depends on the flux in tne

circuit, while for the d-c electrical case resistance is rela-

tively unaffected by the amount of current.

If one considers a toroid of magnetic material with a coil

of wire wound tightly and distributed uniformly around it, a

magnetic circuit problem is encountered. (See Fig. 3.)

The voltage E produces a flux in the magnetic material.

The flux lines are perpendicular to a cross section of the toroid

and should be uniformly distributed over the cross section in
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Pig. 3. Toroidal magnetic circuit.
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Pig. Ij.. Hysteresis loops and magnetization curve.



the steady-state case. To Insure uniform boundary conditions

produced by the current I. assume the cross-sectional diameter

of the ring is very amaii wiien comperea to tne insiae ana out-

side diameters of the ring. Under these conditions the follow-

ing relationships hold:

(2-1) ^ = NI = HI = R^

(2-2) B = eiH = J^/A

(2-3) R = ixl/A

(2-1^) Force (F) = B^A/P^xq

The above also assumes that no leakage occurs and that one

is only considering the steady-state solution; however, the

transient operation is of major importance when an electromag-

net or rectangular toroid is used in the applications as out-

lined in section 2.1.

If one desires to know the value of the flux at several

discrete points in time during a build-up or decay cycle, one

must use a different method of analysis than presented pre-

viously. During the transient state a relationship exists be-

tween flux and magnetic field intensity as illustrated by the

hysteresis curve of Fig. I4.. This curve specifies the magnetic

properties of the ferromagnetic material.

One can also see that during a flux build-up or decay re-

sidual magnetism B^, and coercive force H^, depend on the orig-

inal values of the flux density B and magnetic field intensity

H. A typical ferrite material in the memory of a computer ex-

hibits what is known as a square-loop property. This means that
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the material's B-H characteristic has a square or rectangular

hysteresis loop, which allows an immediate change in the direc-

tion of magnetization once the proper value of H is present.

In all cases' the value of B for a corresponding H follows

the upper curve if in the decay portion of the cycle and follows

the lower curves if in the build-up portion of the cycle.

Furthermore, during either build-up or decay, a flux distribu-

tion exists across the cross section of the magnetic core due to

eddy currents generated from the changing flux; i.e., the out-

side of the core reaches the new value of flux density immedi-

ately while the center of the core remains at the original value

and gradually attains the same value specified by the boundary

in the steady-state condition. A more complete discussion of

the eddy-current problem and its relation to the flux distribu-

tion is given in the next section.

2.3 Eddy Currents

Eddy currents are generated by a change of flux in the mag-

netic material of a core as shown in Fig. 3, and become a very

important factor in the analysis of the transient behavior of

high-speed electromagnetic circuits. These currents affect the

change in flux by tending to produce an opposing flux, thus

changing the flux distribution across the pole face in addition

to delaying flux build-up or decay. Flux build-up is not

affected nearly so significantly as flux decay because the eddy-

current opposition flux is a small part of the total flux
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appliea. Since a no-work magnet uses flux decay to accomplish

its function, the eddy currents play a large part in controlling

the release operation; thus they can limit the speed of opera-

tion Tor many of the electromechanical systems used in modern

input-output machines of digital computation systems.

One can visualize the effect of eddy currents on t}i<^ flux

distribution by considering a cylindrical core to be made up of

concentric shells, each shell being a hollow cylinder of differ-

ential thickness. Each shell constitutes a short-circuited turn

enclosing part of the core flux. The outside shells link all

the flux while the inner shells link only a small part of it.

A voltage is induced in the shells upon a change of flux. The

magnitude of the induced emf is determined by the amount of flux

linked by the coil; thus the outer shells have larger emf's and

eddy currents than the inner shells. Induced currents apply a

magnetomotive force to the part of the core that lies within it;

thus the center of the core is subject to the magnetomotive

force of all eddy currents while the surface is subject to none.

This accounts for the distribution present in the transient

state. Induced currents tend to oppose any change in flux; thus

they will tend to sustain a decreasing field and oppose en in-

creasing field. It can be seen that the flux distribution is

altered by the eddy currents and is not only a function of time

but also of core radius. An approximate flux distribution with

radius is shown in Pigs. 5 end 6. Figure 5 illustrates the

effect of eddy currents during the transient flux build-up con-

dition while Fig. 6 illustrates the effect of eddy currents
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Fig. 5' Effect of eddy currents on flux
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Pig. 6. Effect of eddy currents on flux
decay in a ferromagnetic material.
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during flux decay.

Let us represent the applied field intensity with vectors

in the direction of the applied field. We may then illustrate

the flux at • t = 0+ by Fig. 5a. Once the field is applied,

eddy currents i-j^, ±2, i^, . . . , are set up in the core as

illustrated by Fig. 5b. These eddy currents induce an opposing

flux 0Q shown in Fig. 5c. The resultant flux at t = O"*" is

then 9^1 + ^q and is illustrated by Fig. 5d. Since the eddy

currents depend on a changing flux they will decrease as time

increases, thus ^^ will approach zero in the steady state and

the steady-state flux will be equal to the applied flux ^-j.

Upon release the same phenomenon occurs; however, the core

is originally in the magnetized state and eddy currents will be

induced opposite in direction to that of the previous example.

This follows from Lenz ' s Law. The only flux present at t = O"*"

is that induced by the eddy currents as shown in Fig. 6b. As

time increases, ^ decreases until the flux returns to zero.

Actually it will return to a residual value ^ .

2,ht. Flux Distribution in the Rectangular Toroid

With the preceding discussion of eddy-current phenomena in

mind, one can readily visualize a flux distribution existing in

a toroid of rectangular cross section. Furthermore, one knows

that the flux distribution is changing with respect to time and

values of flux at any point within the core depend on the dis-

tance from the outer edge of the core at wnicn tne boundary
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condition is applied, the boundary condition itself, the material

of which the toroid is made, and time. If one considers a rec-

tangular cross section to be divided into many small squares of

nearly infinitesimal area, the value of flux density in a given

square within the core is a function of time and is different

for each area. Time dependence of the flux density may be ob-

tained if one can find a relationship sufficient to specify the

value of magnetic field intensity for this area as a function of

time. After division into small areas one may then consider

each area separately as a rectangular toroid with uniform flux

density provided the area is very small in comparison to the

total cross-section area. Values of H, B, and for each area

can then be calculated for each value of time according to the

relationships given in section 2.7. One might note that once H

is determined, it is a simple matter to evaluate B from the

hysteresis loop. Multiplication of B and the area correspond-

ing to the value of B calculated will yield a value of flux

for that particular area. It then becomes possible to calculate

total values of H, B, and for the entire cross section. If

the above . calculations are made for each value of time in the

transient state, curves relating the time dependence of the flux

distribution and total flux can be computed for various boundary

conditions and the effect of parameter changes can be analyzed

theoretically. Since no literature was found that expressed the

magnetic field intensity as a function of position and time for

the case in question, equation (2-28) was derived. It will be

referred to as the "Hysteretic Diffusion Equation" and its
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derivation is included in the next section.

2.5 Derivation of the Hysteretic
Diffusion Equation

The derivation presented requires only basic electromagnetic

theory and simply applies Maxwell's Equations to the special case

being considered. To refresh the reader's memory, the time var-

iant Maxwell Equations are listed below in both point and inte-

gral form. Overbarred symbols designate vector quantities in

the cartesian co-ordinate system. This system was the most con-

venient for the rectangular cross section being considered. A

co-ordinate transformation of the resulting equation could be

used if different cross-section shapes are studied.

Maxwell's Equations

(Point form) (Integral form)

(2-1) A. V X E = -dl/dt B. E . dl = id/dt)
J

B • dS

(2-2) A. V X H = i + dD/dt B. ^ H • dl =
J

(i + dD/dt) • dS

(2-3) A. V . B = B. ^ B • dS =

{2-k) A. V • D =yO B. d> D • dS =
J

<) av
V

Consider a toroid with a very large inside diameter in com-

parison to the bar diameter or an infinite bar of ferromagnetic

material which undergoes a change of magnetomotive force on its

boundary due to a change of the exciting current I supplied

from a voltage E. (See Fig. 7.)
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Fig. 7a. Rectangular toroid. Fig. 7ti. Cross section
of a rectangular toroid.

B.

-B.

H

Fig. 8. Hysteresis loop.



17

It is known with some certainty that a flux distribution

exists within the core due to eddy currents while the magnetiza-

tion of the core is in the transient state, thus steady-state

techniques cannot be applied; however. Maxwell's Equations hold

in the transient state as well as for the steady state, thus an

equation relating the effects of H as it varies with x, y, z,

and t can be derived.

First we may assume that an mmf has been applied. When

applied, a magnetic field H, an electric field E, and a flux

density B, exist in the toroid, and all are governed by Max-

well's Equations. If the electric field current density D, is

neglected. Maxwell's second equation oecomes

i2-S) V x K = T

Since the current flow in a conductor is in the direction

of the applied electric field and perpendicular to an incremental

surface dS, the total current I is obtained by integrating the

current density i over the surface; i.e..

-I~'-''-L(2-6) I = / i . dS = / vV X H) . dS

These currents are the eddy currents present in the transient

state and can be represented by the scalar multiplication

(2-7) T = CTE

Thus the relationship between the magnetic field intensity H,

electric field intensity E, material conductivity 0~
. and the

conduction current density i, is determined since
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(2-8) ^ "^ J i • dS = J ( Vx H) • dS = cr/ E . dS

Therefore one can now show that

(2-9) V X H = CTE = i

A relationship between the flux density B and magnetic

field intensity H can be found by combining equation (2-5) and

Maxwell's first equation, equation (2-10).

(2-10) V x E = - 6B/6t

Combining equation (2-9) with equation (2-10) results in

(2-11) V X V X H = - dB/^t

In the general case B, H, and E are functions of x, y, z,

and t and should be written B(x,y,z,t), H(x,y,z,t), and

E(x,y,z,t). It is also known that a nonlinear relationship

exists between B and H; thus one can say that

(2-12) B = f(H)

(2-13) 6B/dt = (dB/^H)(dH/dt)

Further examination of the functions B(x,y,z,t) and

H(x,y,z,t) illustrates the fact that total derivatives may be

used since

dB 6b dx dB dy dh dz 6b
(2-li|.) — = — — + — — + — — + —

dt dx dt 6y dt dz dt dt
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dH dH dx dii dy d'tl dz 6h
(2-15) — = 7- — + — — + — — + —

dt Ox dt dy di dz dt dt

and the derivatives of distance with respect to time are equal

to zero if the toroid is stationary with respect to the exciting

mmf . Thus we have

dB/bt = dB/dt

dli/dt = dii/dt

(2-16) dB/dt = (dB/dH) (dH/dt) =U(H)dH/dt

(2-17) dB/dn = dB/dH = U(H)

The quantity U(H) represents the relationship between B

and H as illustrated by the slope of the hysteresis loop of

Fig. 8. Combining equations (2-17), (2-13), and (2-11). we

find that the following equation exists.

(2-18) dh/dt = -(l/orU(H)) ( V x V X H)

Solution of equation (2-l8) will provide an expression for

H 83 a function of the position within the rectangular toroid

and time; nowever, a solution is very hard to ootain. If one

assumes the only component of field intensity present is along

the z axis (see Fig. 7) and that this value of field intensity

H is the same value at all points on the z axis, equation

(2-l8) reduces to a form generally recognized as the diffusion

equation in two dimensions; i.e.,

(2-19) dTi/dt = v^ H/a-u(H)

The above assumptions require that



20

=

where in general H is given by the vector equation

H = H^i + Hyj + H^k .

Thus equation (2-l8) may be written as

dH 1 _ _

dt

~(2-20)
O-U(H)

( V X V X H^k)

Expanding the expression ( V x V x H) of equation (2-l8) with

H = H^k and noting that

H =
d - d _ 6 _— i+ — j+ — k
dx dj dz

(h' k) = =

we may evaluate the expression (V x V x H) , i.e.,

Vx VxH=V(V-H) - (V.V)H
VxVxH = V( )- V^H

(2-21) VxVxH= - V^ H^k

Thus equation (2-l8) is now reduced to the diffusion equation

for the two-dimensional case, i.e.,

(2-22)
dH

dt cru(H) 6x2 ^y

d^H, d^H,_^1
dy2 J

An approximate solution of the above equation may be accom-

plished through use of numerical integration techniques once a

suitable approximation for U(H) is determined. The remainder of
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the thesis will deal with the special case outlined above. The

vector notation may be deleted since the only component present

is H^ and the equation was solved only for this particular

case.

The only remaining unknown is the functional relationship

existing between B and H. One knows this relationship is ex-

pressed by the hysteresis curves of various magnetic materials;

thus an equation which approximates the specific curve of inter-

est would be desirable. Development of such an equation is

undertaken in the next section.

2.6 Approximation of the B-H Curve for U(H)

Because of the flux distribution within the toroidal core,

each small area as defined in section 2.L|., will have a different

value of field intensity and flux density at any given time in

the transient condition; thus an approximation would allow ^

to be calculated directly for each area once K for that area

is known. This may be accomplished if an equation can be found

which approximates the particular B-H curve of interest. Since

this particular curve is determined by the initial values of n

for a given material, an approximation of only this B-H curve

would be sufficient to compute B once H is known.

A modified Froelicn approximation equation as given oy

equation (2-23) can be used for generation of one-fourth of a

given hysteresis loop.
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C-lH
(2-23) B = + Bp

Co + H

where B is the flux density

Bp is the residual flux density

H is the field intensity

C-^ constant specifying material properties

Cp constant specifying material properties.

Values of C]_ and C2 determine the shape of the curve

and may be varied to generate an approximation to most hysteresis

loops. They may be calculated from B^ and selection of two

values, B-,, Hn, and B2, H2, taken from near the knee of the de-

cay portion of a given hysteresis loop representative of the

operating range in a given material. (See Fig. 8.)

Since both points selected must lie on the curve, a simple

simultaneous solution of two equations formed by substituting

B-]_, H-j_, and B2, H2, in equation (2-23) will be sufficient to

specify C-, and 02^ Performing this operation yields

^1^1
(2-23a) Bn = + Bp

C2 + H-L

C-1H2
(2-23b) Bp = —^ + Bp

C^ + H2

Solving for C-j^ and C2 we have the following relationships:

HpHolBo - Bp)
(2-2i|) C2 = 1-^-^ £

(B2 - Bj,)H3 - (B3 - Bp)H2
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(B2 - Bp){C2 + H2)
i2-2S) Ci = -^

ii 2

After determining C^^ and Co. one-fourth of the hysteresis

loop can oe plotted using the vaiues calculated from equation

(2-22). If there is a reasonable correspondence between the

original curve and the curve plotted using the approximation

equation, one can assume C^^ and C2 are sufficiently accurate

to specify the B-H relationship. Reflection and translation of

this quarter section of the hysteresis loop generates the reir.ain-

ing portions of the loop. Calculation of B for values of

H < -H^ for flux decay and H > H^, for flux build-up are con-

sidered in section U«3.

This method of approximation is perhaps rather crude; how-

ever, it does suffice in this case. More accurate approximations

are no doubt possible although maybe not practical since the mag-

netic properties of a given material will vary and cause larger

errors than those due to the approximation.

2.7 Hysteretic Diffusion Equation

If we now use the approximation equation (2-22) for

evaluating U(H), we have

dB d

(2-26) U(H) = — = —
dH dH _C2 + H J

Performing the differentiation we have
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(2-27) U(H) =
^1^2

(C2 + H)

Combining equations (2-22) and (2-27), we obtain the hysteretic

form of the diffusion equation.

(2-28)
dH, (C2 + H^)

dt cr 0-^02

d^H, 6%
dx2 6y2y J

It is this equation whose solution will yield the time

dependence of the flux distribution pattern in the rectangular

toroid subject to boundary conditions as outlined in section 2.5.

The remainder of this thesis is concerned with the numer-

ical methods for obtaining this solution, implementation of

these methods, and demonstration of the numerical process by

actually obtaining a solution of equation (2-28) with its

boundary values.
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3.0 NUMERICAL SOLUTIONS WITH THE
MODIFIED EULER METHOD

3.1 Euler Method for Solving an
Ordinary Differential Equation

Numerous methods of obtaining solutions to ordinary and

partial differential equations have become practical since the

advent of the high-speed digital computer. The Modified Euler

Method was chosen for this problem because of its simplicity,

although other methods may provide a more accurate approximation

to the solution or take less computation time. Before showing

the application of Euler' s Method and its modification to

equation (2-28), let us consider the solution of an ordinary

differential equation of first order. In symbolic form we may

write

(3-1)
dH— = f(t,H) = D
dt

The integral of equation (3-1) gives H as a function of time;

thus we have H = F(t). A graph of F(t) is a curve in the

H-t plane which may be approximated by a series of short line

segments provided the curve is continuous; thus we have the

approximation relation (see Fig. 9)

'dH*

(3-2)

U-Ji

AH = At tan 6 =

^1 " ^0 "* ^0 ^^

L^tjO
At = Dq At

If we let At = h = ^i+i
"

'^i'
^® can express the approximation
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by

(3-ij-) H^+i = Hi + D^h (i = 0, 1, 2, . . . 1)

This is known as Euler's Method. However, if h is taken small

enough to yield sufficient accuracy the method is too slow; if

h is larger, inaccuracies will cause the approximation to be

unsatisfactory; furthermore, if the graph is monotonic, the

approximation will diverge from the actual curve for any value

of h chosen. A modification of this method tends to eliminate

the divergence.

3.2 Modified Euler Method for Solving
an Ordinary Differential Equation

Starting with an initial value Hq one can approximate

Ht in the same manner as before to yield

(3-5)^ H-L^^^ = Hq + Doh

Substituting Hn^ ' into equation (3-1), one obtains an approx-

imation for dH/dt at the end of the first interval, i.e.,

(3-6)^ D-L^l) = f(t;i_, H-L^l))

An improved value of H is then found by multiplying h by

the average of the values of dH/dt at the ends of the interval

tQ to t-,; thus we have

^Note that Dj^ represents (dH/dt).. This notation will be
used throughout the remainder of this section.
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H = F(t)

Note: D^ = (dH/dt)^

Fig. 9. Approximation with Euler method.

H

H-

H-

(1)

(2)

Ho

H = F(t)

Note: D^ = (dH/dt)^

Fig. 10. Approximation with modified Euler method.
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1
(1)

(3-7) AH = - h(Do + Di^-^M
2

A more accurate value of H-, can now be calculated and will be

denoted as follows:

(3-8)^ Hi^2) = Ho + - ii(Do + D-L^^^)
2

If we look at Fig. 10, it is evident that this value of H-,^ '

is more accurate than H]_^ ''
. H^ is represented by the line

Hq + BC if calculated according to Euler's formula. Substitution

of H-j_ in equation (3-1) gives an approximation of the slope

represented by the tangent at point F. If a value of H^ were

calculated using the slope at the end of the interval, we would

have H^ = Hq + BE. When the average of the slopes at the ends

of the interval are used in place of Dq we find that

( 2)H^ = Hq + BG which is definitely a better approximation to

the real value of H]_ at ti than the first value of H]_

computed. This process may be represented symbolically as

(3-9) AH = - h(Do + Di^^h
2

••1 1
AH'= - (BE + BC) = - (BE + BE + EC)

2 2

1
(3-10) AH = BE + - EC

2

(3-11) H-j^^^^ = Hq + AH = Hq + (BE + - EC)

The superscript (k) on H^^^^ indicates the k^^ value of Hq_

where H]_ is the approximation to the actual value of H^ at a

time t = t-| = + At.
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The new value is much closer to the actual value of

Hn = (Hq + BF) than before. Continuation of t},i,q process by

again calculating an approximation to the slope at the end point

of the interval and by substituting H^^^^^ in equation (3-1),

will yield a more accurate approximation to the slope at point

F. A new value of H^^^^' can then be calculated.

(3-12) H;^^^^ = Hq + - h(Do + D-L^^^)

Ul^-^' will be more accurate than H-^^^ since the approximation

of the slope will be improved; i.e., D^^^ ' is more accurate than

Dt^ . Further continuation of the process will yield succes-

sively more accurate approximations to the actual value of Ht .

The process may be continued until the value of H^^^ ' = H^^ ',

(k)where H-,^ ' is the approximation of the actual value of K^. It

must be noted that H^^ ' is only an approximation to the actual

E-^, As successive values of H-,^ ' are generated, H^^^^ will

converge to a value H-j^^^' which will not be the same as the

actual value of E-^. To force the approximation H^'^' to con-

verge to H-j we must make h very small. The approximate solu-

tion will approach the exact solution as h ^ ; however, as

h —^ the number of calculations increases and the computation

time becomes very large. It then becomes necessary to determine

the magnitude of errors permissible in relation to the time

available and adjust h accordingly.

To illustrate the fact that the limit of H,-^^^ does not

approacn tne actual H^ as k—^ OO, let us consiaer tne following

example. Suppose f(t, H) is expressed by equation (3-13) and
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the initial conditions tg = 0.0 and Hq = 1.0.

(3-13) D = f(t, H) = t + H

Substituting these values of tQ and Hq in equation (3-13)

we obtain

Dq = f(tQ, Hq) = tQ + Hq = 1.0

If we select h = 0.0^, we may then write

H-L^-^^ = Hq + DQh =1.05

D-j_(l) =
t-L + H-jL^^^ = 1.10

The second approximation to H^ and D-, are

H-L^^^ = Hq + - h(DQ + D;^^^^) = 1.0525

^1^^^ = t-L + H-L^^^ = 1.1025

Continuing we have successive approximations to H-, and D-,

as follows.

H-L^^^ = Hq + - h(DQ + D-^^^^) = 1.05256

D-j_^^^ =
t-L + H-|_^^^ = 1.10256

H-L^ = Hq + - h(DQ + D-j_^^^) = 1.05256

Since H-^ ^ = H^^ we should now stop the process if we desire

Hi^^^ to agree with H-l^^"^-"-^ only to the fifth decimal place.

Further values of H^^^^' for 3~ k S OOwill yield the same value

for H^ ^ in the first five decimal positions as H]_
-^

. This

points out the fact that the approximation H^ ' will not
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converge to the actual H^ as k— CD since H^^ actual = 1.05251|..

We now take

Hi = Hi^^^ = 1.0526

^1 = Di^-^^ = 1.1026

Continuing, we can calculate tne Tirst approximation Tor rip

and D2

.

H2^^^ = Hi+ Di^^^h= 1.1077

D2^^^ = t2 + H2^-^^ = 1.2077

Then we calculate second and third approximstions for H2 and

D2 (i.e., H2^^^H2^^^ and D2^^^, 02^"^^ and stop sir.ce

D2 = D2 . Consequently H2^^^ agrees with H2^ ' and we

have

(3-114.) H2 = H2^^^ = l.llOi^

(3-15) D2 = D2^^^ = 1.210/4.

P\irther continuations will yield successive values of K-^,

D^, E^, D^, etc.

To evaluate the accuracy of the method let us compare the

approximated values of H, , Hp, etc., to those calculated from

the solution to dH/dt = t + H, which is

(3-16) H = 2e^ - t - 1

These are given in Table 1. Accuracies of H indicated in

Table 1 can be improved only by using a smaller value for h.
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Table 1. Comparison of approximate and exact solution
of dH/dt = t + H = D.

i : "C : H.act : H-approx : D-act : D.-apprcx

0.00' 1.00000 1.0000 1.00000 1.0000

1 0.05 1.05251^ 1.0526 1.102514- 1.1026

2 0.10 1.11031^ l.llOlj. 1.2103ij. 1.21014.

In general, execution of the Modified Euler's method for

the equation D = f(t, H) is as follows.

Step _!• Obtain the initial conditions

t = to

h = constant = At

step 2. Evaluate the approximations to H-, by generating

the approximations

^ XX (1) D ^1) H ^2)
J.

(2) ,^ (k) ^ (k)
^0' 1 '1 '1 '1 . . . n-L , D-j_ ' ,

where

(3-17) Do = f(to. Ho)

(3-18) E^^'^^ = Ho + Do h

(3-19) D-j^(^) = f(t^, H;^^^))

(3-20) H^(^) = Ho + - h (Do + D3_(l^-1))

for k = ( 1, 2, 3> . . . , p) and p an integer such that

(3-21) D^^P^ = D^(P-l)

(3-22) H^(P+1) = H^(P)
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When this condition occurs take

(3-23) Di = Di^P-^^

(3-2I4.) % = H^^P)

Then proceed to Step 3.

Step ^. hivaluate the approximations to K2 from the

calculated approximation to H^^ and D^^ obtained as the result

of Step 2 and generation of

^ (1) „ (2) ^ (2) „ (k) -. (k)
D2 , H2 , D2 , . . . H2 , D2

where

(3-25) H2^^^ = H-L + D-^h

(3-26) D2^^^ = f(t2, H2^^h

(3-27) H2^^^ = K;;^ + - h (D;j^ + D2^^"-^^)

for k = 1, 2, 3, • . • . q) end q an integer where

(3-28) D2^^^ = 02^"^"^^

(3-29) Hs^^""^^ = H2^^^

Vfhen this condition occurs take

(3-30) D2 = 02^"^"^^

(3-31) Ho = Hp^^^

Then proceed to Step I4..

Step ij will generate the approximation to H^ and D^

after which we proceed to Step ^ for an approximation to K|^

ana Dl ana so on until we have an approximation for E^ and
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D . The process should stop when the n^^ approximation has been

evaluated. The value chosen for n will depend on the accuracy

desired and maximura value of At to be used. A flow chart of

the process is given in Fig. 11 for the function D = f(t, H).

If the function f(t, H) is specified by the Hysteretic Dif-

fusion Equation and we apply the Modified Euler Method as before,

we can solve for the value of H(x, y, z, t) as specified by the

partial differential equation (2-28).

3.3 Numerical Solution of the Hysteretic
Diffusion Equation with the

Modified Euler Method

When applying the Modified Euler Method to the Hysteretic

Diffusion Equation, equation (2-28), we find that evaluating

successive values of ^H/dt becomes somewhat more complex since

f(t, H) now depends on many variables; i.e..

(3-32) f(t, H) =
(Co + HJ

0rC-LC2

d^H. d^H,

dx^ dj'

Because of this it becomes more difficult to visualize the phys-

ical significance of 6H/6t in terms of equation variables;

however, no problem should exist in evaluating bu/dt if we ex-

press the equation in its finite difference form and establish

initial and boundary conditions. The quantity dn/dt may now be

evaluated simply by a series of numerical operations. Successive

values of dn/dt
t=t.

can be found through the recurrence

relations as outlined in the flow chart of "Lhe Modified Euler



35

START

_i
t = to
H = Ho
h = At
i =
k = 1

J
Dn = f(tr^.Hn)

I
t .• -L. -I = t ,• + h

I

I
u (k+1) ^ „_. +(l/2)h(D,. + D:^,^^h I

STOP

Fig. 11. Flow chsrt of modified Euler method
for dH/dt = f(t,H) = D.
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Process. Although some care must be exercised to limit the size

of At to insure that the

(3-33) lim (H^^^^^^ - H^^^^)—E^O
k—CX)

the problem is a straightforward procedure as outlined by the

flow chart of Pig. 11.

In the following discussion, the magnetic field intensity

for the I, J^-*^ point in the grid of Fig. 12 is specified by

H(I, J); the i approximation to H at the I, J point is

denoted by H(l, J).; and the k value of the i approximation

of H for the I, J^^ point is H(I, J).^^^. Note that the super-^^ point is H(I, J)^^^)

script does not indicate that K(I, J), is raised to a power or

that it is the k derivative of H. Let us also denote (OH/dt)

•

by Pi-

3.ij- Conditions for Convergence

Conditions exist under which the process will not yield a

solution. This is due to the fact that lim (Hj_^^'*'-^^ - H^^^M
k-c>-ao

will not approach zero; however, we can establish a relation-

ship between the time increment and other parameters such as

grid size, C-, , C2, 0~
, and Hj^g^ ^° insure convergence of the

process and existence of a solution.

Let us divide a rectangular cross section of the toroid

considered in section 3.0 into a rectangular grid network as

shown in Fig. 12. Each grid is of equal area h^ and H(I, J)
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10

i
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p

X

cVi

h

f 1
r

3Y
~ A A

^

c

Fig. 12. Or.e-rourth of rectenguler toroid cross section for
sample problem given in section 5»0» (See Fig. 7b.)

Note: NX = Ij., NJ = 8, NY = 6, NX = 10.
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is the field intensity at the intersection of the I row and

J column of the grid.

The Hysteretic Diffusion Equation for the I^J^-'^ point is

given by equation {3-3k-) •

(3-3lj-)^ P(I,J) =
(C2 + H(I,J))

0~C2_C2

d^K(I,J) b^Eil,J)'

6x2 6y2

Expressed in its finite difference form the equation becomes

V(I,J) = H(I + 1,J) - 2H(I,J) + H(I - 1,J)

W(I,J) = H(I,J + 1) - 2H(I,J) + H(I,J - 1)

(3-35)^ P(I,J) =
(C2 + H(I,J))

crc-^C2

W(I,J) V(I,J)

a" h'

If we wish to evaluate P(I,J) at I = 5;» J. = 3, "we obtain

V(5,3) = H(6,3) - 2H(5,3) + H(i^,3)

W(5,3) = H(5A) - 2H(5,3) + H(5,2)

(3-36)-" P(I,J) =
(C2 + H(5,3) w(5,3) v(5,3)

h2
"^

h2

3.5 Relationship Between At and Other
Parameters to Insure Convergence

To investigate the relationship between At and other param-

eters of the problem let us consider a sample calculation of the

-^Note that P^ represents idli/dt) ^.
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approximation to H at a corner position of the grid not on

the boundary, i.e., the position I = NY - 1, J = NX - 1. (See

Fig. 7 and Fig. 12, position (I, J) = (5,9).)

Let us apply initial conditions and boundary conditions

when all points inside the boundary are at Hq = H^ and all points

on the boundary are at Hq = -niH, where m is some real constant.

If we examine the Hysteretic Diffusion Equation expressed

in its finite difference form (equation 3-U8) . we find that the

lar^esz value of P will occur ax, zne i - Wi - 1, J = NX - 1

position. To approximate a value of K at this position after

a time At, we use the equation

(3-37) H(NY - 1, NX - 1)^
^^ = H(NT - 1, NX - 1)q

+ Pq(NY - 1, NX - 1) At

Since we are considering only one position in the grid we may

drop the subscripts; thus

Evaluating Pq we find that

PO =

5x2 5^2 ]

since = at this position we have
dx^ dy^

(3-36) pQ = 2xq(H(NY,NX - 1) - 2H(NY - 1,NX - 1)

+ H(NY - 2, NX - D)
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Pq = 2xo(-mH^ - 2K^ + H^)

Pq = -2xQ(m + 1) H^

(3-39) %^^^ =
'^h

- 2xo(m + 1) E^ At

We know the approximation E-, is between -niHi^ and +^q, thus

2xQ(m + 1) Ht^ At has to be chosen such that

(3-ij-O) -mH^ < (H^ - 2xQ(in + 1)H^ At) ^ H^ .

We can therefore limit the value of At to satisfy this con-

dition; i.e.,

(3-i^l) ^ 2xQ(m + 1)H^ At ^ (m + 1)H^ .

Thus the possible values of At become

(3-1^2)

where

Let us now investigate a few special cases.

Case 1. ForAt = 1/2xq we have

Pq = -2xQ(m + 1)H^

H-,^-^^ = Ey, - 2xn(m + 1)Hk At = -mH.

< At < :L/2xo

(C2 + ^ax^
2

^0 -
^ , 9

HxP-^^l) = +2xQ(m + 1)
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X

D H = -mH^r^

V—^ " ~ "^Hb e^

H,

-mH;

->. -

Pig. 13. Grid section of Fig. 12. Indicates values
of H, adjacent to H^(9,5) at T = O^^.

X

H = -mH

H = +H

Hb

z

4

-mH,

•^^ (1) ^ jj
(2k+l)

^ -y (k = 0,1,2, . ..)

-< H^(2) =Hi (2k+2)

Fig. \h,. Grid section of Fig. 12. Indicating values
of H2(9,5)i^^^ k = 1,2,3, . . ., p; for

Hboundary = -mH^, At = 1/2xq.
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P-L^^^ = +2xQ(m + 1)H^

Hi'^) = H,

Thus we can see that an oscillation between Hi-, and -ifiH-j^

occurs and the approximation to H-. can never be found since

the lim (H-l^^"^"^^ - H-l^^^) —b*- is not satisfied,
k—CD
Case II . For At = 1/Ij-Xq we have

Pq = -2xQ(m + l)H^

M ^ -^b% = H^ - 2xQ(m + 1)H^ At = — (1 - m)
2

p.d) =
H

H1
^2^ = H^ - XQ(in + l)Hi3 At = — (3 - m)

H;j_^^^ = H^ -(3/2ko(ra + 1)H^ At = — ( 5 - 3m)

P-,^^^ = -Xo/2(m + 1)%

H-L^^^ = H^ -(5/i^XQ(m + 1)H^ At = — (11 - 5m)
l6

Thus the process is converging to some value H^^^' and

lim (PI-L^^"''-'-^ - H^^^^) —O is satisfied. One can easily
k t^OO

visualize convergence by considering H to be zero on the

(k)
boundary (i.e., m = 0), and establishing approximations Hq_

as k increases. This process is shown in Fig. l6.

In order to have convergence we must not include zero or

1/2xq in the permissible values; thus

(3-14-3) < At < 1/2xq

Selection of the At to be used is dependent on the com-

putation time available and accuracies desired. As before, large
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H.

Fig' 15.

D

V -^ h = Hb

z

\

i

^ -y

->-
Hi(3)

H- (1)

Grid section of Fig. 12. Indicating values
of Hz(9,5)i^^^ k = 1.2,3,i+, for
Hboundary = -mE^, At = IAxq.

H>

Fig. 16.

X

A
H = 0.0

H = H^

z

"\;^.
>q^

-y

H2(3)

^ -y

Grid section of Fig. 12. Indicating values
of H2(9,5)l^^^ k = 1,2,3, for

Hboundary = 0.0, At = I/I4-XQ.
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At ' s introduce inaccuracies; however, they may allow evaluation

of the maximum value of H more rapidly. This is not neces-

sarily the case since more iterations are necessary to evaluate

approximations when At is large, and it becomes possible to

use more time in evaluating these approximations than to evalu-

ate H in smaller steps of At. Selection of a permissible

At for convergence requires that

0-C-,C2h2

{3-kk) < At < .

2(C2 + Hj^g^)

If we force the corner position to converge all other posi-

tions along the boundary will converge since they only require

that

(3-1^5) < At <
crc-LC2h2

(^2 * ^ax)

To insure convergence we may write

crCnCph^
(3-1^6) < At < C^

where the parameters of equation (3-^4-6) are defined as follows:

Cq = constant and is always < 0.5

0~ = material conductivity

C-j_ = constant for B-H approximation (see section

2-6)

C2 = constant for B-?I approximation (see section

2-6)
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h = the grid size selected (see Fig. 12)

^ax ~ ^^® magnitude of the maxiinum value of K(I,J)

specified oy tne initial conaitions of

boundary conditions at time t = 0"*".

It is now evident that At has to be selected in accord-

ance wIl:;: Lne conaitions of equation (3-U4) snd is not an arbi-

trary variable. It might also be noted that smaller grid areas

2h "Will recuire smaller time increments. This condition

speciiies i,:.e accuracy of the metnod in zrj.e same manner as

limiting the value of At to be small in the example of

section 3.2.

Witr. tr.e various limitations on At now specified we can

proceed to implement the solution to equation (2-28) by con-

structing a program to perform the almost endless nurr.ber of

numerical calculations necessary. Discussion of tnis tasx is

given in the next section.
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i|.0 PROGRAM FOR SOLUTION OF THE HYSTERETIC
DIFFUSION EQUATION

i^.l Introduction

The basic function of the program is to execute the Modi-

fied Euler Method of numerical integration to solve the Hyster-

etic Diffusion Equation and to obtain the magnetic field in-

tensity distribution pattern in the cross section of a rectangu-

lar toroid subject to given initial time and boundary conditions,

Before this process may be executed we must first define the

problem in terms of variable names in accordance with the

FORTRAN IV programming language, read in the input data, and

establish output data formats. A method of completing this task

is given in the next section. It is assumed that the reader is

familiar with the FORTRAN IV language.

Discussion of the program is given in various sections

with card numbers indicating locations of the sections in the

program listing of Appendix C. Notation and symbolism used in

the program follow closely that used in previous discussion,

although some modifications were necessary to satisfy program-

ming requirements.

k..2 Main Program EMEX

This program controls all numerical operations and may be

subdivided to indicate the particular functions performed.
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k'2A Commenta (MG90000 - MG90106)

The cards serve as a partial list of variable names in the

program and specify various numerical values to provide given

print-out formats.

1;.2B Input Data (MG90122 - MG90138)
and (MG90262)

The first five cards of each data set give all data neces-

sary to execute a given problem except the initial and boundary

conditions which are contained on the remaining cards 6

through n.

Any variable name beginning with I, J, K, L, M, or N is

fixed point and read according to an I5 format. Variable names

beginning with other letters are floating point quantities and

are read according to an EI6.8 format. The EI6.8 format allows

any of the common systems of units to be used without altera-

tion of the input-output format specifications. Input variables

are read in the sequential order as specified below.

Card 1 EG, HSO, BR, HMAX, CUO
Card 2 TO, TKM, COND, AX, BY
Card 3 CDT, KZ, NI, NJ, K, KG, KI, KG
Card k B2, H2, B3, H3
Card 5 HIO, DHX, 13, II4., I5
Card 6

^Card n
((HO(I,J), J = 2, NX), I = 2, NY)

"Tne value of n = 5 + (NT + 1) (NJ + l)/5, NX = NJ + 2,
NY = NI + 2.
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Definition of the variables and methods of obtaining

numerical values for them are given as follows.

1. BR - Residual flux density specified as the flux den-
sity for the magnetic field intensity H = 0.0.

2. B2, H2 - These are values of flux density and magnetic
B3, H3 field intensity taken near the knee of the decay

portion of the hysteresis curve. (See section
2.6.)

3. HIO, DHX - Variables used for control information which
13 specify the number of points on the approximate

hysteresis loop. For a symmetrical hysteresis
loop as shown in Fig. 22, choose 13 =

1 + 2(HI0/DHX)

.

a. HIO - Specifies the maximum value of H to be plotted
on the hysteresis loop approximation.

b. DHX - Specifies the increments of H plotted on the
hysteresis loop approximation.

c. 13 - Specifies the number of points on the decay por-
tion of the hysteresis loop approximation. The
maximum value is 100.

[(.. HMAX - Specifies the maximum value of field intensity
applied where H = cf/l = Nl/l. (See equations

2-1, 2, 3, i|.)

5. CUO - Constant to allow for units conversion when com-
puting values of force. Force = B A/2iaQ where
[Iq = ij.TiCU0.

6. COND - Conductivity of ferromagnetic material.

7. AX - "X" dimension of the rectangular cross section
as shown in Fig. 12.

8. BY - "Y" dimension of the rectangular cross section
as shown in Fig. 12.

9. NI - Number of divisions of width CX in the "X" direc-
tion. (See Fig. 12, h = CX)

10. N J - Number of divisions of width CX in the "Y" direc-
tion. (See Fig. 12, h = CX.

)

11. TO - Specifies the initial value of time T(K)

.
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12. K - Subscript indicating iterations. Appears
as T(K)

.

13. 15 - Specifies execution for flux decay or flux
buildup run. (See Appendix C for values.)

lif. CDT - Specifies length of time increment. Same as Cq
of section 3.5. Use CDT < 0.5 to insure con-
vergence, sr.sller for hip:her accuracy.

15« KZ - Specifies pnysic&i position 01 aaza set in rela-
tion to the last set; e.g., if four data sets
are being run, KZ = 1 for the last set to be run,
KZ = I4. for the first set to be run, etc.

16. KI - Specifies increments of time for which data is
to be plotted; e.g., if we have 1^000 values of
total force or flux the printer need not plot
every point; thus it plots every KI^^ point.
(Use KI such that KO/KI < 8OO.)

17. KG - Specifies increments of time for which a print-
out of the flux distribution pattern is desired;
i.e., a print-out for T(0) , T(KG) , T(2KG), etc.

18. EO - Specifies maximum error norr. :j as given by
equation (I(.-l) to be less thsn EO ; i.e., E ^ EO.

19. HSO - Specify halt condition. A r^a±z will occur imme-
TKM ately after any one of the conditions given below
KO are met. One should also note that T(K) = K At.

a. HSO - HS is the sum of H(I,J) for all points in one-
fourth of the lattice. Halt occurs for HS > HSO,
buildup; HS ^ HSO, decay.

b. TKM - Specifies maximum time T(K) to be considered.
Halt occurs when T(K) ^ TKM.

c. KO - Specifies maximum number of increments desired.
Halt occurs when K ^KO.

20. 114. - Specifies data selected for output and format
specifications to be used. A detailed discussion
of II4. is given in section 1^.2G.

21. H01I,J) - Specifies numerical value of magnetic field in-
tensity at every point in one-fourth of the lat-

tice at T(0) = O"*". This applies the boundary
conditions and initial conditions at T(0) = 0.
Quantities are "read" according to the instruc-
tion ((HO(I,J), J = 2, NX), I = 2, NY).
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This completes the definition of data set constituents.

Further information may be obtained by studying the sample

problem given in section 5'0.

i|.2C Evaluation of the Hysteresis Loop
Approximation Formula
(MG9OII4.O - MG90250)

This section evaluates the constants C-, and Cp as given

equations (2-2[j.) and (2-25), then calculates the B-H relation-

ship as illustrated by the hysteresis loop of Fig. 22. A

graphical and printed output of an approximation to the material

hysteresis loop is available at the beginning of each set of

output data. To accomplish this task a duplication of the sub-

routine PLUD was included; however, the variables were changed

and an output routine was added. Refer to section 1^.3 for

discussion of the procedure.

I|..2D Calculation of Constants
and Page Heading Routine

These cards are used to place a heading at the beginning

of each output data set which defines calculated variables

specifying operations to be performed; provide a print-out of

data read from the input data set; check for input data errors;

etc. Page 76 of section 5«2 was generated by cards contained

in sections ^..2D and i4..2E.
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1^.2E Initial Conditions Print-out Routine
{MG907214. - MG9087I4.)

This section provides a print-out of the initial input data

and corresponding initial values of flux density anc force at

T(0) = 0"*". Cards MG9072I4. - MG9078I4. provide the output in a list

form as shown for Tape 9. The remaining cards give a matrix

output format as sr.own I'or Tape 15.

In addition to the print-out instructions total values of

flux fFLUXT) and theoretical force (FORCT) are calculated and

printed following listing of B(I,J), H(I,J), and FORCE(I,J).

I|..2F Programming the Modified Euler Process
for the Hysteretic Diffusion Equation

(MG90876 - MG91060)

Execution of the process is nearly the same as described

in section 3.2 and as outlined by the flow chart of Fig. 11;

however, the condition (r - (r /r.)) » 1 (see Fig. 7a) allows

use of one-fourth of the cross-sectional area because symmet-

rical boundary conditions are present when the magnetic field

is applied.

The finite difference representation of the Hysteretic Dif-

fusion Equation (equation 3-36) requires that K for all points

in the lattice adjacent to the point under consideration be

known. We must compute K only at all points inside the outer

boundary since the boundary conditions require flux on the

boundary to remain constant. Because of symmetry, values of H

immediately to the left of the Y-axis ere equal to those
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immediately to the right and values of H immediately below the

X-axis are equal to those directly above. (See Fig. 12.) Cards

MG9088ij. - MG90900 and MG909i|6 - MG90962 were coded to accomplish

this task when values of I and J placed the point in question on

the inner boundaries. The desired values of Pq were computed

for every I and J as were the approximations H-j^*'^', P-]_^ ,

Hp , . . ., etc. While computing successive approximations to

H, an accumulative error norm, E was generated. This error is

expressed by equation (I|--l) .

NX-1 NY-1 (1,+ -,) (1,)

1=2 J^

This method was chosen in order that new approximations for the

surrounding points would be considered when calculating succes-

sive approximations. The maximum error is specified by EO and

should be small if a high degree of accuracy is desired. Suc-

cessive approximations for H will continue until the matrix

error norm, E < EO, When a convergence condition is satisfied,

NN (variable specifying number of successive approximations to

H, i.e., the same as (k) in H-^ M is returned to a value of 1;

values of flux density, total force, and total flux are computed;

and a new approximation of H = H^^-j. ^^ begun. If the error is

not converging rapidly enough to yield a solution in a reason-

able amount of time or if the error is diverging, an error mes-

sage will alert the operator and a machine halt will occur. A

flow diagram of the Modified Euler Method for the special prob-

lem considered is given in Fig. 1?.
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Read input data
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I
Calculate B-Ii curve

Print end plot hysteresis loop

1
Calculate constants and initial
values. Print page heeding and

initial values of veriables
1

\/

L
*' = '-l' + jJm

K = ?: + 1

(p
DO 16, . - .. ,..
DO 16, J = 2,12
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Calculate DHO(I,J)
DHO(I,J) = (dHl(I,J)/6T)o
Pod, J) = (dHl(I,J)/dT)o

HI (I , J) =H0 (I , J) +DHO (I , J) -::-DT

HO (I, J) = H0(I,J)
on outer boundaries

DO 32, I

DO 32, J
2,11
2,12

I
Repeat routine A

i
Calculate DH1(I,J)

DH1(I,J) = (6H(I,J)/bT);j_

Pl(I,J) = (dH(I,J)/6T)^

X7 = ( DHO (1 , J ; -t-iJ'iii ( J. , J ) )

Tl = H0(I,J)+X7-"-DT
E = E+ABS(T1-H1(I, J)

Hid, J) = Tl

/2

I
Calculate Bl(I,J)
Calculate FORCE(I,J)

Calculate BLd, J) ,FORCEd, J)

on boundaries and corners
Check for convergence

1
Print E, T, NN

Calculate FORCT, FLUXT
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(Trint A,FORCT,FLi;XT,FCRCE(I,J),BlU,J},Hl(I,J}
j

T = T + DT
K = K + 1

NN = 1

I
DO ii5. J = 2.12

I
- - -^ / - - • _ - -

-i

O
off on—^—

^

I

<^r-i^^
j \

(̂

STOP

Print values of halt
variables and denote

halt condition

Print end punch values of var
iables at last increment of
time (continuation data)

o:.

Fig. 17.
Flow chart of EMEX.
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i|.2G Output Data (MG91078 - MG91ii.lO)

The reraaining cards are related to output data and appro-

priate headings for identification. Other special control func-

tions are performed to specify the halt condition and to print-

out all existing data at halt time.

Output data are available on Tapes 6, 9, IS , snd l6 . A

sample of the output is given for Data Set 3 in section $.2.

Each tape has an output data heading for identification and

prints initial values of H, B, FORCE, total force, total flux,

and boundary values. Output data contained on the various tapes

are as given below.

1. Tape 6 - Contains approximation to hysteresis loop and
lists total force, total flux, and time. (See
section 5.2A, Output Tape 6.)

2. Tape 9 - Lists all values of FORCE, B, and H with the cor-
responding time. The number of iterations required
to satisfy the condition for convergence is also
listed with the associated error norm E, i.e.,
lists values of E, T(K) , and NN.

3. Tape 15 - Provides the same information as Tape 9 except
that the output appears in a matrix form as shown
in section $.20,. Variables to be printed are
selected by the value of Il|. chosen. (See Table 2.)

\\.. Tape l6 - Data on this tape is used to punch a deck which
may be used as input to a new run continuing from
the existing values of variables at the completion
of the first run. A print-out of the same data
occurs on the output of Tape 6. One must change
the value of TKM, HSO, and KO to continue.

Desired output data can be selected by specifying different

values of li\.. These data are not written on the tapes if not

desired since the write time is very large when compared to the
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computation time. II4. may range from 1-7 and the output can be

determined from Table 2. If Il| = 7, only Tape 6 will have a

useful output.

Table 2. Values of II;. and related output data.

Tape 9 (list) : Tape 1$ (matrix)

Z'^ :H(I, J) :3(I, J) :FORCE(I. J) : NN :H(I . J) :3( I , J) :FORC£( I , J)

i X X XXX X

2 X X X X

3 XX
14. XX
5 XX
6 X X X X

7 X

l4.,3 Subprogram FLUD

Subprogram FLUD computes a value of B for a corresponding

H. The approximation is given by equation (2-22); however, the

value of B is computed by four different methods depending on

the value of H and whether the flux decay or flux buildup

problem is being considered. We assume the hysteresis loop to

be approximated by reflecting the decay portion of the loop and

translating the entire decay loop to the right by 2K^. (See

Fig. 18.) Let us consider the following cases to illustrate the

regions and four different methods of computing 3. Figure I8

illustrates the regions considered.
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Decay

Fig,

Buildup

18. Approximating the hysteresis loop.
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- 1
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1 \
1 1
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) ^i

A/k

A/2

2 J L\. ^ o 7 a V 10

Fig. 19. Correction of area for
corners and boundaries.
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Region 1. (Decay run, -ii^ < ii < 00)

Flux density B is computed by a simple substi-
tution of H in equation (2-23).

Region 2. (Decay run, -00 < ;: < -H
)

Since Region II of the hysteresis loop is a re-
flection of Region I about the H axis, we may com-
pute B by evaluating the difference between H
and H^, forming a new variable equal to the sum of
-Hjj and

|
H - H^,

|
to replace H in equation (2-23).

Then compute B with H replaced by |H - H^,| - H^,.

A minus sign is then assigned to B in order to
obtain the reflection characteristic.

Region 3. (Buildup run, -00 < H < H.

)

Values of B in this region may be obtained by
adding the quantity 2K^^ to H and computing the
negative of B with H replaced by the sum H + ^H^.

Region k- (Buildup run, H^ < H < 00)

Values of B in this region are computed by sub-
tracting the quantity 2H(, from H and computing
B with H replaced by the difference H - 2K_

.

Subroutine FLDD determines the particular region in which

H falls, and computes the corresponding B according to the

rules discussed above. A flow diagram of the subroutine is

given in Fig. 20.

U.'k Subprogram FORCX

This subroutine computes a fictitious force for each point in

the lattice where Force = B A/2h.q. The reason for calculating

forces is to obtain a force time relation for the electromechan-

ical system shown in Fig. 2. The rectangular toroid was used

•*"The value H^ is a positive real number.
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SUBROUTINE START

-.

HC = C2-::-BR/(C1 + BR)

HOX = -HO (I, J)

XI = HO (I, J) - 2HC

Bid, J) = -
Cl-;:-HOX

+ BR
C2+H0X

Cl-::-Xl

Bid, J) = + BR
C2+X1

I

HC =-(C2-x-BR/(Cl + BR) )

r

HD3 = ABS(H0(I, J)-HC)

I
HDi| = HC + HD3

Cl-;:-HO(I, J)

Bid, J) = +BR
C2+H0d, J)

Bid, J) = -

Cl-::-HDi4.

1

C2+HDi].

-BR

I
I

RETURN

V

KND

Fig. 20. Plow chart of FLUD,
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as an approximation to the system with the assumption that the

gap would not increase the reluctance of the flux path.

Total force in the toroid is tne summation of forces at

each grid point; i.e.,

NY-1 NX-1
(U-2) Total force (FORCT) =

Y, L FORCE(I,J)
1=2 J=2

Cor.putation of the force may be approximated by the formula given

ii Lne area A is adjusted as follows. Since approximate

values of B are known only for points at intersecting grid

lines, areas used for computing force values along all boundaries

on tne lattice snould only be one-half of those for tne inside

points and areas used for the corners should be only one-fourth

of the inside areas. (See Fig. 19.)

Cards (MG91i4.66 - MG91i4.80) select the correct formula for

computing force depending on values of I and J; (i.e., re-

place A by a/2 on all boundaries and A by A/li for all corners) .

A flow chart of the subroutine is given in Fig. 21.

l\..S Subprogram FLUX

Subroutine FLUX evaluates total flux by forming the product

B A. Operations performed closely resemble those of subroutine

FORCX except only total flux is computed and the flux for each

point in the lattice is not. Once B is determined and subrou-

tine FLUX is called, B is multiplied by the appropriate area

and added to the existing value of total flux. When all points
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SUBROUTINE START

FORCE(I,J) = (Bl(l,J)''-::-DX/2U0)
2

1.

FORCE (I, J) = (Bid, J)^-"-DX/2U0)/2

! .

2..^..FORCE (I, J) = (Bl(I,J)''-:;-DX/2U0)/

1
Z^

RETURN

END

Pig. 21. Flow chart of FORCX.



63

have been summed, the total flux is known; however, no matrix

print-out of the individual flux values can occur since the in-

dividual values are not storea. A flow aiagram wouia do a aup-

lication of that for subroutine FORCX with a change of variables,

A listing of the main program and associated subprograms

with four sample data sets is given in Appendix C. Further

information concerning their use will be considered next.
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5.0 USING THE PROGRAM ON A SAMPLE PROBLEM

5.1 Preparing the Input Data

Perhaps the best method of discussing the use of the pro-

gram is to consider a sample problem of the type outlined in

section 2.0. Formulation of an input data set specifying all

input parameters discussed in section I4..2B must be obtained

before execution. Let us assume we are given a rectangular

toroid of ferromagnetic material as illustrated by Fig. 7, with

an initial field intensity of HO. We then reverse the applied

field such that the boundary at time = 0"*" is at -HO. If HO is

sufficient to saturate the core a flux reversal will occur and

a flux distribution will exist in the core during the transient

state. We can determine the distribution pattern as a function

of time by solving for H(I,J), B(I,J), and FORCE(I,J) as a func-

tion of time. Let us assume that we desire to investigate the

time dependence of the distribution pattern and the relation-

ship between total flux (FLUXT) , total force (FORCT), and time.

Typical numerical values may be as given below.

Given: A. Material is 2.5 per cent silicon iron with a hyster-
esis loop given by Fig. 22.

B. Material conductivity (COND) - COND = 2.5 x 10"''' mhos

C. Material dimensions (see
Fig. 12) - AX = O.OOii meter

BY = 0.008 meter

D. Initial conditions - HO = 250 amp-t/m
TO = 0.0 sec
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G. Maximum field intensity
(see section 3.U)

H, Boundary conditions
1. HO(I,NX), I = 2, NY
2. HO{NY,J), J = 2, NX

- HMAX = 250 amp-t/m

HO = -250 amp-t/m

The above information is sufficient to calculate numerical

values for the remaining input data variables. (See section

i4..2B.) We will use the mks system of units; thus the constant

M-Q = lilt X 10"' webers/amp-t/m = l^TiCUO; hence

CUO = 1.0 X 10"' weber/amp-t/meter.

We obtain BR, B2, H2, B3, and H3 from the hysteresis loop

for the given material. An approximation to this loop is

shown by Fig. 22. Typical values for 2.5 per cent silicon iron

are given below.

BR = 0.71 weber/m^

H2 = II.9I1 amp-t/m

B2 = 0.80 weber/m^

H3 = 103.50 amp-t/m

B3 = 1.20 webers/m^

Values of HIO, DHX, and 13 to yield a symmetrical hysteresis

loop approximation with a range of H from +14.00 amp-t/m to

-l\.00 amp-t/m are

HIO = 1+00

DHX = 10

13 = 81

Note: Maximum value of 13 = 100

For symmetrical loop
13 = 1 + 2(HI0/DHX)
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Grid size is selected by specifying NI, the number of divi-

sions desired in the X-direction. (See Fig. 12.) This also

specifies the quantity NJ since the grid is square and

NJ = (BY) {AX)/l^l; hence we shall use NI = i^ and NJ = 8. The

quantity CDT must be less than 0.5 to insure convergence, hence

CDT = 0.2. Remaining variables of the first five cards control

the program as discussed in section i|.2B. We desire to begin

at T(K) = 0, hence let K = 0; to print-out all data available

in both formats, hence lij. = 1 ; to investigate a flux decay,

hence I5 = 2; to plot every value of FORCT and FLUXT versus time

T(K) , hence KI = 1; to print-out the distribution pattern for

all variables H(I,J), B(I,J), and FORCE(l,J) for every fifth

value of T(K), hence KG = 5; and to execute this input data set

third from the last, hence KZ = 3 . Collecting the above

quantities in a list we have

CDT =0.2 K=0 KI=1

NI = [j. li^. = 1 KG = 5

NJ = 8 15 = 2 KZ = 3

Variable EO is the maximum error norm E, thus if we wish

the total error norm for one-fourth of the lattice to be less

than or equal to 1.0, we require EO < 1.0. Variables HSO, TKM,

and KO halt execution. (See section i|.2B.) Let us halt when

T(K) becomes >20.0 milliseconds, or when K > 100, end not stop

for the condition HS ^ HSO, hence we have
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EO = 1.0
Note: 1. T(K) = K At

HSO = -1.0 X 10"' -

TKM = 20.0 2. At = CDT
(C2 + HMAX)^

KO = 100

This completes formulation of a typical input data set.

If we collect these values, sequence them according to the

"read" instructions (see section I4..2B) and express the numbers

in accordance with the format specifications, we have a data

set as given by Table 3.

5.2 Output Data

Output data are available on Tapes 6, 9, and 15. The out-

put data set included was generated by execution of the program

with input data set 3. Il|. = 1 was used to print-out all avail-

able data. Due to the voluminous amount of data available only

a small number of distribution patterns are included; however,

patterns for all increments of time considered may be obtained

by specifying KG = 1. Duplications of page headings, etc., were

deleted. When the execution is stopped, the halt condition is

indicated (see page 101) and all data for the last value of

time are printed-out on all tapes.

5.2A Output Tape 6
(Pages 71 - 82)

Tape 6 lists values for the approximate hysteresis loop

(pages 71 - 7I4.) and provides a graphical representation of the
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approximation (page 75). A listing of the total force, total

flux, and the corresponding time then follows, (pages 78 and

79). Next is a graphical output illustrating the time depend-

ence of total force and total flux, (pages 80 and 8I, respec-

tively) . At completion of the run, a print-out of the continua-

tion data available as a punched card output of Tape I6 occurs.

5.2B Output Tape 9
(Pages 83 - 92)

The first five pages of print-out for this tape duplicate

pages 71 - 7k 8^^ 76 of Tape 6 output and are not included;

however, the following page lists initial and boundary condi-

tions at time T(K) = 0"*", (page 83). A listing of corresponding

values of flux density, force, and time are also given at

T(K) = 0"'". As time increases in increments of At, a complete

list specifying distribution patterns at T(K) (K = 0, KG, 2KG,

3KG, . . . ) is listed according to format specifications as

shown by pages 83 - 92. This tape also contains a listing of

iterations and their associated error norm E (pages Ql\. and 86).

5.2c Output Tape 15
(Pages 93 - 100)

Tape 15 gives a more convenient output format since data

are given in a matrix format which eases interpretation by locat-

ing values calculated for specific points in the same physical

location as they would occupy in the matrix of Fig. 12. All
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data available on Tape 9 except error norm values are available

on Tape 1^. Total values of force and flux are listed follow-

ing each matrix output. Duplicates of pages 71-7^^ and 7^ of

Tape 9 precede the output and are not included.



71

O
UJ
C

o

UJ
o

too
o
o
o

fSJ o
o

UJ
UJ rvj

o* >?"

f\JO >r-- ^
XC^ 00

'^ O
po rg
C^ ^
—< ^-03

rvj

o O II

o
UJ rsj

Lj a> o
o o

^•o X<7>
eco XO
o ac^
o c?-

o cr

o o Vii'

00 • o
UJ

o o m^

o Ln
UJ VTi

UJ o ^
c^ o ^rf

etr- oo •-^

eoo *-o t

c* xo O
c o
c o
o ^

oooccccooocoococooccooooococcococcccocco o
UJUJUL'U.'U.UjUJUJUJUJUJU^UJUJUjUJUJUJUJU.U.U.U^UJUjU.U.UJU.UjU.UJUjU;LLIUjULUj UJ

-^coooocooco^ooa-oocooccococ^oocrccoc^coccrcoocc* c-coooccroooc^ccc^occc^occooc-c^oocroocccooc^coooc* c^
—coocof^ocococc>oocococ>oooa*occ*cooc*cocC"coccc* c^
xoooooc^ococcoccooc^c-cooooc-oocrcoca^cooccoccc* o
OOOOOC7>OOOCOOa^OCOC7'OOC>OOOa«OOC^COOC*OCOCCOOCO' c*
OOOCOC«OCOC>COOOOOC^OOC7>CCOOOOC>CCOC7"OOCC*OCOCa* c
0?Tor:r»-«0>?'v?''*^f\.iCOO^-^>Ci^'^f^^'0<rOor>C«0'j^'^r^'\;--C*r ^OC'COOOC^ c

OOCCCOOOOOOOOOOOOOOCjOOOOOOCOOOOCOOOOCOOCOO
I

^.w--— —<—— '-'--^—i——<—!— —<—I—I— —I----— ------------—<— —<——•-'--OOOCCOooooooooooooooocooooooocooooooooococco^^ooo
UJUJU.U.UjU-'UJUjLLiUJUJUJUJUJU^UJUJUJU_U^UJUJUJU.UJUJU.UJUJLL'LL'UJU_'U^UJU^^

fc»of^inc*'^-^coc*irv0^iri(\jcr--^cpoc>5-r^ro^ir>r^r\j-H—wr«-0'>c^^^<N)C7^r>^OU^c3;>C(7^-^
•-^--->*•r^cc^~r^o^c:^r >? >C'^f^r^«-'>r"ODOCa:f\.'^>?' CO fv.'N.>f'^f^u^c-^C(N:'>f«C— >?">?:> 7*

ccu)'^r^.--'Oa'(-r<oo-^Qc--Oir^iroo*fNjcrc>f\i>o--«cc'^'Nj<'>j'r^'N-oD^-inc'C'C7*ococroc*ir>

C.cmirN>JT^p^<Ni-^CCT'acr^cvrv»'N/--C'Cr^'^>J''^JOcn<o>?—'C^c^-c^l^— irrv'^v'^!?>'M
^l/^l^l/^lrl^l^v^^/^l^>J•>r^^>J•>?^r>J»^^?>^•'*^r^'*^'^'*>'^'^'^'^"M-^-^-^coo«:.—'i^cocn;
— --— ---j^--— _i---j—— _j--— -^-----<--„j.— ---J— ----— ,-—— --------C" a- cc^-^-«c

oooooooooooooooooooooooooooooooooooooooooo



72

m^tl/^0^"OOCT•0•--'Corn>*•l^^>o^-(X)C^o•^r^)f^^lA^o^^(I)C^O-^(^J^n^t^/^^o^^<X)C^O-J<^Jro>tu^^OK•TO
>^ "^ -^ >* »*• vt >»• u> ir> in ir> ir> u^ vr\ vn u^ ir» >o >o >oo «o >o >o >o «o nO h- ^- r^ r»- h- r*- r» ^» f«» r^ 00 00 00 00 00 00 00 00 00 CO o* a» c» c*

oooococcoooooooooooooooocoooocooocoooooooooooooooco
LUUJU-'UJUJUJL^UJujUJU.'LUUJU^'UJUJUjLLLlJUjU-LL'mLULUUJLLLUUJl^LL'^
oooocroooo^oooc^coo^ooocrooooooc^ooo^ooocrooooooocoocooococ^
OOOO O^OOO C^OOO aOO CT^ O OO CT'O O CT^oOOOOO CT^ooo o*oooooococ croooocco
coooa^oococooo'oocroooaccooooa^ooc^oooo^ococcoccccrocooooo
oooocrococrooocrcoc^occcrocooooc^ooc^cooc-coc-oocoooc^cocC'ooo
OOOOOOOOC'COOCT^OOC^OOOO^OOO^OOOO^CCO^COOOCCOOOOOOOO^OOOCT^COC^
ooooc>oooc7«oooa>ooooooa*oooooooooa^oooa^ooocoooocoooo(?^coc
00ooc^oocr^--fV^o^ol^l^^Ococ^oorv.|^^^oln^/5^-r^c^cO(\)^<^«t^^o^-ccc^C'(>orr^^o>^^^r^.(^.•ooc^^^

ooooooooooocoooooooocccoooooooooooooooooococcooooco
I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

I I

oooocoocooooooooc-ooooooooooooooooooooooooooooocoooo
I I I I I I

LiJUJLlJLULUUJUJLUUJUJUJUJUJUJU^UjmLULL'UJLLLUU-LUUJU_'UJLULUUJU.iUJU_'LU
^^0(NC^co»-H^ooo^o^^^tL^r<^cc^^nt^JCO^na^ro^C(\Jf^Ja^•--<f^.r^•—'Nt>ouAt— r^u-^J^-^»3r^C^o

c^Ott^-Q;^vO--^a^f^o<--•>3o•^u^r>~rvJa;^-^J.-^o<^J-^<JC7"o^Jl^, u^>o>r>o--'-Ju^vrocoror^,j>C(7'(^vf:c —

I—•a^Ln--<--'cD(N^^^tf^l0^o<^^-00.—i'-^t-<«-j(N(NjrNjcNjrorororor<^rONf>J">^vfsj-v^

oooooooooooooooooooooooooooooooooooooooooocooooccoo
I I I I I I t I I ( I I t I I I I I I I I I I I I I t I I I I I I I I I I I I I I

I I I I I I



73

C»0*CT'^C*(>OOOOOOOOCO---^-^--<-^-^-^•-^-^•-^<Nl(^J<^J'^J<^J<^J<^J'^J•Nl'^J'^f*^'*^f*^K^^<^'*>rr^r*^f«>|^^^,^

ooooooocoocooocoooooocoocco ooocoocooooccoooocccoco
UJ UJ IJ U-' U. U_ UJ IX.' U_' UJ UJ U, U.' UJ LL' U. LL UJ UJ UJ UL U.' U.' a.' LL' U.' UJ U. U. U-) l^ U' UJ U.' UJ U.' U- UJ U.< LU LLI UL U.> LL' LU 1^'^ Vx' UJ UJ
cooc'Ooo»occc>coa>ocoa'Ccoc^oocc<7> crooooo*cooc*cocccoooocc>co
ooocrccc^oeccreooooccroooa"cocoes CT>OOOOC>OOOOCOOC>CCC^OOCC^CO
COCOCOC-CCOC^COC^COOCOOOOOOOOCT- crcooocrcooo^occcroooooooco
000(7>OOC>COCC>COC^COOC7'OCOC>OOCCC^ coococ^ocoooooc^coooocc^co
oco c>oo c> c oo c^oocoo occoo crc ooc c~ c>oc ooo coo c?oooooo C" uo c cr co
oooc'0oc^ooo(^ooc^oooo'00oc^oooco» 0"OOOOOOOOC>OOOCOOC^OOOC>00
f^^lr^'n'^(^JCCO'r'«O^Cl^^ron^r^J_<:;>0000"CO<^OC^ C> OOO O O OOO C> -- <%J r« f*" ITN >C >C QC C^ O O fV '*^

fM(N)r\.rv;f^rsirMrsj---J——<^—4----'-jOO~onr«-miri>jT'><NO O(\ir^>J"irM/>r*-0COO--—— —'—— —'—— fVr^<NJCg

00000000000000 000000000000000000000000000000000000
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

oooccccooocooooooocooooococoooooooooooooocooocooooo
1 1 1 1 1 1

UjUJUJLL'UJUJUJUjUJUJajLUUJUJU.UJLUUJUJUJUJUJUJUJUJUJUJLLJUJUJLLJUJUJLU
CDOcc»^--r^^C'C^aDC'C7>--<^«^co«C^«coC'C''^r^J--r<<u^--C^cr^»OfvO*co»-r^cC'C^-^u^f«^OC^'*^fVC^f^xr^O
cr— >^XCO>r<*^'^>Oir'r^<N;---^r«-c>Of*-r^fMC^fMOl/^OCC«r'7 ^-i/>co>?->o>?'U>"-ciP^O^r*—— '^C^l^o^-N^^(\)
rr^f«^^,«xocT(Mr,^^^o'^<^.'^^'?'^^^^o— C'<^;,^-^^^^^C• C^arir'^f>»>rj-Oacr^OsC'^'^>f^'^— '^CC^sC>?'
u^u^o^^^f^C^U"f^l'<J-^>Cornrg«o^rf^r^Jxf*-u^o>Jc^c^ccro(^u^c^Occ^«-o^^o<5--0*^-0-->ro— C^r^r\jx>->r
f^J^vlf\;o^«C*^OU^Cr^•^f*-^>-v^*\l^-OO0Cf*^^/^<^J-J^J•(^JroC -^c^^-a>»Jl^*>«•o^J•<Jcc^^Jl^.'*^c'— rvo^'^dr'Nif*-
P-<5U^>^rv.'— 0?'^~<C^J<^JOOC<C^r--C^^C'^''7'u^--^/^<^lro^C<^'^C^C^u^'^.X^Clf^•-'OU'^OU*crr^vf^.•^OC'^«CC^
^>rNr>rv^N*>?"r<^r*''^f^'^rr, rvf^<f^f^----<-^cco^c-^l^^coo^g--C'u'^--•--^ccf*^'>f«^fvo^C'^J^^OC'-'~'--'-^'^.'%
^—.— --^--i--—<---'--—<-j--i----—.---j------j--<0"c?>ccf^r^<)ir^f^'Voo--rvj'j"mor^ccxCC^——————— —<

ooooocoooocooooooooooooooooooooooooooooooooooocoooo
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I



Ik

oooocooooococoooco
m LL'm UJ UJ U_' L_' Ul' UJ UJ U.' Uj LL ULi UJ UJ UJ LU
c^ ooo croo o^cocooo oocc
C^OOOO^OOC^CCOCT^OOCOOO
c^oooo^coocooo^ooocoo
croocococ'ccoo^ocoooc
C^OOC^OOtT^OOOC^OOCOOO
o^ooooooc^oooo^oooooo

ooocoocooooooooooo

ooooooooooocoooooo
LUUJUJmLUUJUJIXIUJUJUJUJUL/'JJUjUJUJLlJ

o<Nir-'<oo^<NjLn(7>>o>rvO.—<-Hm»<-xa^m
C::>

^^ ,-4 O- ^ rr\ cc (\iO O^—'rr^>t^ ^rr\r\J^^

oooooooooooooooooo



75

o

<?

O

O

o
o
CO

o
o

z

o
UJ

o Ol
-r

ULI o
o <
«p T
rw
•

O 1/^

1 >
o

1/^

Ol
o
X
3

O

o
o

o
o
I

o
o
t

Ul

o
I

c
o

o
I

o
Ul

o
I

o
I

(7-

o
I

o
c
•

o
I

o
o

01

•H
n
a>

P.

0)
4J
01

>>
x;

0)
4->

CD

E
•H
X
O
U
a
o.
CD

o

o

o.
I

(h

V

c
•r-t

;<

PL,

CM
C\J

bO
•H



76

oo
I

uu
o
o
o
o
o
o
o

r^ (NJ

o
1

o
1

1

UJ
1

UJ
c^ o
o o
o o

oo>-cr
2)0 000
oo a>
o o
o r^

m ro rsj m
O O O o
LU UJ UJ UJ
»t O O O

•~ II o o o o
00 r>-xc o o **

«^v- >-o<cvo mo o
Q Ooo3:o<o x«^

>-0 >3-XO O ro ^
CD m in o o ^O

—' (\j m ^< ui UJ
CO • • • • y— ovo
>t o o ooLf> o o *»^ a2:

r-< :^ _j X << OC
<|lO I— CU" t->-u.«-
UJ ro O f^ —' Z OLU UJo^ <<r — -»—

orxuj o o o oioco uu >— ocz) 3> oo uj-j<
<<o —1^ i-i Z xo_) -J X ooq:
so UJ UJ UJii UJ LU I3U.< <C3 _J_J-«— q: -'JJ

Z—O CsJ o o o oc —I -> > c/> _i_j--^a—'^-

o o •>?• o o o o u.-^ Qr>uj <<xco'xx--
-I o vt OQO 0>t»-« 2 23(\J r^O > —w——»^^w
t— o <\jcoa:oz:ooor^C'-' •-•2^'>— o coujccu.cco'
O O OvOCOOOO^^OODO ooo. ^—< > I? >
UJ GO <\i ooo -< o «/Jt/> UJ—— «2:<xoQc:o>-2TO "^ <
oooo • vi- o in <M Qv-o 5:v-k-a:Z5 >— I3t— »— —

> -^ o
o -^ r~ (M -<ro-^ uj— ^r —'ooocct— I— o — x >->>->- >->uj

00 • • 'i^ro ti-ico >— iro »— uju-'co OZ)0 Ooo>- k-C_j_j_j_j_j_jO
00 o o o o -JDo Q:ciacx:QLQ.z:ooz2:i-oo<2:2:2:2;?:2'Z
o>- Q- UJ uj—— i^ujot———— u.' —>ir<occooCQr
ceo II CL-JOO XQOOOQ.U-Z>CjOOCt— oO QC O
o —(oo^ (NjfNj <_j K cji^uj;^2:i;ocooir>ir.LniPvO

>t~9 O O O-^OO O O <2 X>-UJI^Q; OcrC"UJ U. ^———- Q.
UJ z I z >- •-• OC HH-Oorauja. 1—2: 00 3X< ujujuj UJUJ -^ 1—3 UJ cuJUJ^-z:u_Oo^^-t^02:ot— uJULiujujuJUJajO
H- ^- O O 00 -)>-—C UJ 2: >- U.XXt— UJ U^UJO0UJ_J— Z> CL Q. Q. D. a. CL Q. _)

II 000 o o OC •>— oo_jS — h- h-h- 2:00 cs:>-auj ooq.<<<<<<<n-
u- ^ o o— N^ o O O'-'—Z—!'-'-- a: o^ujt— 1— crxc'—oi— 1— i— t— >-i— n-t— h-3
0-> -^m003:C2 <MOxo QC^onuxh- > <u.'2:2:Oa' zzc Qu—123 CO
zoo omonOi^o XroXO a:-^2i— S"-' >_,^—« oujujoso uj— Oh-i— i— i-v-i—-

vj- soxoh-o oQo ujxuj2:ou-r)i— <_j oo:rr=:c o u. —o Z) rM5 3 z- 1? Z) >-

•"V -J o o ^ o o>—t-o:^o oQ-oot/11— — ujuj>-Q:>-cuLa.>cn.Q.CLO. C-Q.U-
.^> ^ o roi*jm -- o xu_ — Z3 >-«2rz2: aat— u.k- u. t- ^- i— t- i— i— i— •—

CO • • 'i^ • • -OXQQUJXO U.I— C0uju.(_''O»— — ujllU-— I5x>r>Z>Z)3Z:o
Z> 000 00 a: I^-JUJZX^' O—I

——S:02^^^>i/"XCCOCC3CCICOUJ
3_i II I h- :^ _j UJ 00 _j 51 o t— 3o^oouj ^^—•z^—:^:—l u- q.
a:2>-i <ZJu. —3< oxxoo'"—— QCO UJ— u-<oooc'.c!:'x'QCcrr'<xo£roo
OZ-) rO ^ O O fO 2:00 u_ ></^ >— Ol— >>02o0o^t-i/:t— >t—200COCCCOO

>. 2 00 000 —11— UJ_jQ— UJt-— >—Z UJUJZZZ z u. u. u. u. u. u. u_O
<oo II I I >'::<r:2-j'—<—ujoozcc—s—-— 'jj—su-Tcc -
Oo: UJ UJ uj LJ UJ iDr)Z)3<<u. — :2:X < r>'xu. C3 Dnx*— -^<M<*^>rto>or^
uju-uj 00 o c o Errcni— •— •— ex u_»— u_u.u.r:>——c c^ujr" uj
0>'N.' O O o O O ^-•—— •— oov— ouJujUJOoocCC'—'00-JX_j^-cC>— C:uJU-U.'u:ujtL.ujID
O— >r O O >—O C O xzo^xz— uji— dc^ 2: xu-UJ'jjXL-xoxajoooo</:i/^(^oroo_j

<Oi^ XO^OOO OOrooOO <—u_<02a<CCOCOCO<l0.a — _j—<l:<oo33I53^33<.
ooujOK- ootoo—o 3:5:0^7:0'—'oo:>:oo2oz22^oooou.u.u.:r— :^3 >

ooujuj 00 O 0x0—00 00 000 II II II II II II II II II II II II II II II II II II It II II II II II II II

»-"-• >? O (M 00 ^
OOt— K- II ••••»• X O
— I-I— 000000 O <0 T'Z t— ox— <<i-i

I ooOcK5;Z)O^CX>'^Q— ~> O— Ofs:'*"r<- — X ^>f- u>
t-_j_jz ujxccxof-»-o<cc>^ozzi<:ii:i<iiiiXcDXXQ*-— *-



77

oc

<<

vx
oo
a: a:
CLQ.
CLO.
<<

(_)0

ceo

c o
- UjUJl/1

D —

—

O LLU.Z
V i «

OuXCC^
u-uj»— s: srz
CO LU— — itzt:
or3—— u)

(XO OC

OrNj«-< <?«
^ h- k^

UJ UJ >— './I «/^ UJ

II II M II

oouo



78

^- u^ ir^ u^ lA in u^ in in u^ u^ ir» u^ u^ in u> (Ti in u^ u^u^ u^ u^ iTi in iTi in u^ u^ in in in u^ u^ ir^xooooooooooooooooooooooooooooooooooooooooooooooooooo
^ I I I I I I I I I I I I I I I I I I I I I I I

I I I I I I I I I I t I I I I I I I I I I I I I I I I I

jmUJUJliJUJUJUJUJUJLUUJUJUJUJUJUJmUJlijUJlJULUUJ'JLiLJUjUJliJUJUJlJjUJL^

w.(^(X)<--'roO>^r^LnocoorM-^--'>^^-o-^(^^orn^nlnu^rOlnaDOoo(^JC^coc^r^oo-^oo^ocor^(^o
—^ln^-r^'ln^*r^J^-coo>?•c^(^<vr^^u^^-ln^J^oo^^oc^lnln(xrof^Jlnr^f^^JO(Nu^a^^^Lnf\Jf<^OLnC^

xo^^>?•C^oou^C^t^J^'^<>•-^^ln^o^--—<r^aD•-^oror^c>o^-c^^O<)coroaD(^J«r'aDr^^v.'r^JoC^-J^\J(^
0<Nf^J(^OL^^r--<^n^c-^'-^^^sJ(^Jln-^C7>(Nco^^Ol^r^J-Hr^J^oo^C^^r^^nln^-<NcosOOco•--'u^'^
^^-oo^^f^lr^Jfnu^^-o^cor^i^^r^J^^(^x^n•—•aD^o^n.-^c^f^l^>?•(^J--oc>oor^r^oo^o^o^~^-roo
u_^OfO•--'C^^-lnfO--'Ooo<5u-^^n(^JOa^t^^Oln^o^^J.-HCcof^Oln^i-^o^^JOC^cor>--^0'n>T^^.(^^

r-r^r*-vO»OvO>OvOOu^u^u^ininu^v^»^>?>^>*N^>t<"(^rnrnrnf<^ro<^r<N(VfvJ<NJ<NJr\jrvjrvjc^^
_J •

<ooooooooooooooooooooooooooooooocooooooocooocoooooco
2 ^

ro (^ ro ro r<^ ro (<> ro <N ^0 rvj rvj rvj rvj rvj (\j (NJ oo rvj rsl nj fv <\) fNJ fvj rvj fv ro oo fv ^^.' Cvj ^^
. ooooooooooooooooooooooooooooooooooocoooocooooooooo

I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I

** UJLllUJUJUJUJUJUJUJUJLlJLlJLiJlJJUJUJUJLMUJUJ'JJLllLULULL.'UJLaUJ'JJ'JJlJJLU^
b^ ^^c^^*a^^o^-rvlnLn^*^o^or^lo^J-JOoc^ccf^^OlnLnstrof^rg.^-^c^c3^^0ln^^(^^s.'-JOOco^-^^

^-^^\ro.-lC*r-lnO^~^-coc^O-^•-^^^JrnN^lnlno^^coc^C^O.—<r\jrnro>tinoOt>-cocrOo—^<N!'^>^>^^^
0-^(\.'r^ro«^in>^f\JOcoOL'^rO'-ja^f^inrn.-^c^r^LnrOr-(OOOOv^r\jo<^^0<^rvo^f^LO'^-^

•-• co^o^^(NOCO^oco^oco^^Jr^(^J^~ro^o-^NO-^OoLnolnOln(>>?-o^<^(7^^^coroco^<^^^(^J^~f^.lr-•--^

I— •-l(^J^ru^^Ococ^'-<-^r-<^^r-J,-^^^oo<^Jr^Jogo^JC^Jf^Jf^J^O(^ro^nro^Orn^^^*>?N^^^«*•si^^
I— •• • •

ooooooooooooooooooooooooooooooooooooooooooooooooooo
I

u
oooocooooooooooooooooooocooococooooooooooococcooooco
U-
•— UJUjLJUUJUJUJllJ'JJliJUJUJUJUJUJUL)UJUJUJUJUjUJUJLUUUaJLUUJlL('JJU^

u_inrocovof^c^(^TOr<^of^vONrN*>3-v?-ior^co-jfo«oc^(^r^—J'no^c^lno^o<N)cov^--'^-^^^
vi---cCvO<J"<\.'—'C^oo^^^n^rr^rM^OC^oo^~r^Ou^^t>^ro^nt^.'(^J--'OOOOC^cocccc.'^^-^-OO^c^^

_JOvOu^u-\lnlAln^r^r^i^^vt^^^3^J^^^Ofr^r<^rnr^ro^o^nf<^^n^o^o^<^^o^'^, rorsj(\.'f\i^^

< «-OOOOOCOOOOOOOOOOOOOOOOOOOOOOOCOOOCOOOOCOCOOOOOOCOOO
o

b^O'-<<^Jr'^^Jln^o^*ooo^O•--'<\)f*^^*ln«o^-a^o^o--<«^J^o^^u^^Or*-roc^O-^<^Jr<^>*u^^c^-(X'C^O•--^^



79

ooooooooooooooooooooooooocoooooooooooocoooooooooco
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

I
I I I I i I I I I I I I I I I I I I

UJ UJ UJ UJ UJ lU U.' UJ UJ UJ UJ lU UJ LU UJ llJ LLJ UJ liJ UJ UJ tLJ UJ UJ LL' UJ LJ U,' UJ U.' UJ UJ U^
ino u^ IV r^JU^o —< >? >r 1*^ «^^ nT rsj -- re c>o f^ eg >- -- <0 CO C5o ^- f^o u> >c fvin -^u". <; <- >-oo ox* Otr* ---- —'--0

^f^Or^JrsJfv^OO'^^-oc^^~r-coc^Ou^•-^>OOOcou^ccO^COOr^^-^-C^^^Cc^u^--^Ofvc^^Af^JC*^C--v•r^JO>rO

<^i''^^-0^?rcroo--^-^r—'f^'^oo--r^J-^^-Cl^v--c^O*«c<J^C*cor^J—<^^»lno-^ocOC^>^^^.^^^«-aoa".oc^-r*^o»rc*

cooooooooooooooooooooooooooooooocooocooooooooooooo
I I I I I I I I I I t I I t I I I I I I I

I I I I I I I

fV' fv Pv <V' rsj r\; f\' rvj rv' f\- rg fsj rv' <N) rvj r^i rv; p^' f\' rv' rs; rv.' fv rv ,- .-J —J ---- —J ,-,------------—'---'—- -^ _--- -.^ -- -^

ooooooooooocoooococooooccocoooocoococooccoooccocco
I I I I I I I > I I

I I I I t I I I I I I I I I I I I I I I I I I I I I I ) I I I I I I I I t I I I

U; UJ UJ UJ UJ UJ UJ 'JJ 'JJ UJ UJ 'JJ LJ LJ 'JJ 'J IIJ LJ 'JJ UJ LJ LJ UJ LU i:j UJ '-J -JJ U.' "J 'JJ L^^

oooooooooooooooooooooooooooooooooooooooooooooooooo

OOCOOOOOOOOOOOOOOOOOOOOOOOCOCOOOCOOOCOOCCOOOOCCC'OO
UJ UL' UJ UJ U-' U; UJ UJ UJ UJ UJ UJ 'JJ 'i; UJ UJ LU li.' UJ l^' LJ U.' UJ U-' IIJ UJ U_HU L.' UJ l^
O'^^•^^.•*>-r^a^^rC'f^.•O'*>CCC^CLrl--'C^/^<^JO<^^^^-C^-^l^>•^/^cc'^~<^^-OcC'Ol^'^>0'*^rc^^'*^C^^-^

rv; rs; rg (Vj f\j rv: f>j r\j rsj <\j f\j f\j fv rg rsj p>^' 'N: fv' ^w ("^ Tv. -x f\. r% fv. r\.- re fv f\^^

oooooooooooooocooocooooooooooooocooooccccoooccccoo

,-r^;f«^»f^/^.0*»0C^O--r^;r^»l/^^0^-C0C>O-J^.•r<^^Ln^0^^C0C"O--r^'f^^^lnO^e^^O-'^'^>^s*^A'C^^TC>O
l/^^nv/^U^^^^^^^^/^^/^a^^o>0'0'0<)'0'0'0«C«0^*•^•f^^-^-^>-^-.f^^-^-ocoocooooocccoooooccC*Ow'OOC'C C^C CTO



80

o
I

UJ

O
I

«

«

o
1

m

UJ o
00 <D
c CO
•—

•

•

o
<D

(M e
o
1 -P
UJ

OJ

cr >
•

o
m

o
1

C
O

1

UJ
4J

o 3
o (D
00 c
•

>,fc_^o
(N.'

CD

O
1

o

UJ O
•f >J- <;h

t«-

• iH
o CO

<M oO
1

-p

UJ UJ
<;hcr T

r^ —> o
IT —
• +J
O o

O
I/)

> rH
a
1

1

UJ UJ u
>J- u (Do cr. 4J

•

o
o
u.

-J

C
•H

«M < P^
O

1 o
UJ h-
O r^
PsJ CNJ

•

o
U)

«N( •HO
1

[X,

UJ
ir>

Ui

o

O

UJ
00
00

UJ

ID

UJ



81

o
I

m I ir
• I f

o
I

Ul

o •

UJ O
C) o

0)
• v.^

c
0)

o E

Ui P
«^r
^ n
<y >
•

o
,_^

rsj m
O
1

LU J3

o
oc

0)

• N,..,<r

o
X

o :3

UJ <;-•

.^
r^ iH
« CD
• 4->

o o
rsi

+J

O
1 <;-4

Ui o
O" Ulm y 4J
IT
• ^- o
o
«\J \r> 1o > ^

1

u>
V 4J

o r» c
^ -J ^
• u. (<o

-(
(X,

rs( «»

O k—
1 n •

UJ ^ ^o C\J
^k
rsj

•
•

O
»V fco

1
1

i/>

r>

o
I

O

o
I

O
I

o
I

Ui
o

o
I

Ui
0-

o
I

Ui
«>i

o
I



82

f*-(\J

oo
UJLU
OO
OOooooooo

II oooo
b<JOI^

ooo

OO
UJ I

ouuiij
:?roo<oo
xooooo
•oo
Zino

cc • * •

ooino

ocooooooo
UJLLUJUJOOOOoocoocooOOOOOOOOooco
rvj (N! (M rvj

UU UJ UJ UJ UJoooooOOOOOooooooooooococoooooo
iTi in IT' in Lo
(NJ (Nl IN.' f\J (N

OOOOOOOOO
I I I I I I I I I

(\it\j(\jr\jrM<\)fMroroOOOOOOOOO
ujujujuj
ITi—K^", CO
fNJOLP.f^
rOi^occ

r-coOvC
OCCCOO
OOODOCCC
• • • •

OOOO
I I I I

UJ UJUJUJUJ
^^r~LPO
0--<f>^0
h-<?-OrOO
—KNjr-mo
-Jf-OLHOO
ccrOi—'vOO
Or^O—Jin
O O O ^^ CM
• • • • •

OOOOO
I I

I I I

COf^ '-* (Njrv.'f\Jf\)(\j(\j(Nf\jro ro
>-<00 OfvjOoOOOOOOO

o

o
UJ

"=>

UJ
CD

UJUJ LU
OO OOO o
OO oOOOOOOOO
00'-<0
oin CM
r^(\j -^
• •o •

oooo

UJUJUJUJ
(Njvoinco
(NJvOf^O

.^r^fNj ^O
—<f\ior^^ooo
OOOOfNJ

-^ (Nl '\J f\J 'Nl

00 • • • •ocoo
I I I I

UJ UJUJ UJUJ
'^(NICOODO
CO—<—JP-O
ro '^ IT. 00O
OOfNJ—'O
f\,i—<o-^o
LP, (NJ 1^ r\iO
O O f^ O lTi

rorninorv;
• • • • •ooooo

I II I I

ooooooooooooooo
QJUJ
oooo
OOv^
oo
OO
oo
oo
Orsjm

UJUJUJ
OOvC
OOfNjoooooomoo
ooo—lO—I

-'0-'

U-'UJUJ
rMvfO
ro<foc
Croro
(^iCOlTi

or^o

ooin
I—

I rem

UJUJ UJUJUJ
O r^' r<-i >j- O
f^in—tr*-o
LTiOCQCOO
ooOvOroo
h- IT r- u~ic
ou^^f^o
f\j -sJ- o ro ir\

-J—<^ Ofvj

<oo coooooooooo
I I I I I

cooooooooocooc
r>ujuj
0.00
l-OO
Z)Or-coo
oco

uiOvt
I—'Oro
O—

'

CO • •

•-oo
X

UJUJLUooo
oooOOO
oooooo
ooocoo
f\.COv*

UJUJU-IJJ
^0<^'0
ooooo
O^lPim
U">0^0
00<NiO
f*-—irOrO
—I—^OlTi

LU UJ UJ UJ UJ
—'ror^co
f^ooco
c&irico(Njo
r- f\.io o o
00—<omo
O CO r~- roc
CO fMlTi fM ir\

1^ r^ ro o r\.'

ooooooooOOOO
I I I I

o

UJ
00

<
Q

o

o
oo

o
>
UJ
QC
a.

ro



83

fNj r*^ «* u^ «0 <^J ''^^ 1^ «0 <N< **^ «^ i/^ «0 fNj fo* u^ «0 <\j f*^^ »A «0 rs;m^ u^^ (n; ro^ ir\ «0 «v» 1*^ «? IT «o fv» r*>^ «r^ «o

w. rvj rg <Nj (n; (\i ro r<^ (*^ f^ r^ ^j- >} nT >r »?•»/>»/> »r »/> u^ "O «0 »0 <0 'C r<- r^ r- r^ r^ oc oc oc « 00 <^ <> C" O' C' c cc cO

•- oo
UJ I I

z
^ n N

ocoooccccocooooocooooooococcooocococccocrococo oo
I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I t I I I I I I I I I t t I I I

ooooooooooooooooooooooooooooooooooooooooooooo «—

^

LJ'O.'

UJ'JJUJLiJUJUJLUUJLL'LLJUJLJ'aJLULL!U."UJUJU.'UJUJUjUJUJUJUJLLJUJUJUL'UJL^^ — 'JL' CJ LU UJ U-' ZI IT
—ccoooocoooooocooocooooooooocoooc ooooo —

—

"^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC OOOCT >-•—
•ocoooooooooooooooooooooooooooooooooooooooOOOO^OOOOCOCOOOCOOOOOOOCOOOOCOOCOOOOOOOOOOOOOOOOOOwOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^O'^OOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOO
1 0^ ^/^ LP •J^ ^n u^ LP 'j^ tP (/^ IP x\ vr^ ^^^ o^ u^ LP IT in .r i/^ J^ lt o u^ l/^ LO u". l/^ in tp vP o^^ —< i/\

fvJf\jf\jf\j(\jrsjrsjfsjrsJ(Njfv,rs,f\jr\;rv;rs,i>J(NJ<NjPorsjfvjrvjr\jf\jrv;f\/(NJfNj<Njr^ OO
• •

ICOOCCOCCOCOCOOCCCCOOOOCCOOOCCOCCCOCCCOOCOOOCC L-tJ
I I I I I I I I I I I I I c:^

— ^-.—^—^--^—.^—^—— -.^—^--———.^--——1^— --— —.^———— --—.^--——.—— C-—ooooooccccocooocoooooooooooococcoooccccccoooo COC

UJajU,'U.U.U.LLUjLUujL_LL;LULJLLUJUJU.U.'U.LLU-U.U.U^ULUJL.LJL^^ lr^^«'

-i»«xx<^f>.oc(rccoCf\.a:'Xa;orf\'«<Ea:/OCrv,'COccorxrvocttcC(rrsjocc;a;xrgcccoo:ccr^^ ^fC

» .—I —« -- .—
I
C* •—' ^J —'— C" — >— —< —'C --^ «—

' •-» •—' C" —- —^ -- ^- C" —' <—• ^< -^ O* -^ -^ —' —' C* --— -^ —< C~ C C" c c^ c* • •

*-cocofvccoc'^'Cccc-fvcocc<MCooo<N.'ooco'Njc c-oofvcccciN.'NiN.iNirsjfv. oo
O'.PiPiPi^CtPkPip LPO'u'*i^iPiPC't/^ir>LPiPC'tPiPiPiPoirir>i/^if^c~i^u^iPir'C*'^^ip>^i^C" c ^c* c*"©*

ooooooooooooocoooocoococooooooooocoocccoocooo
I I I I I I I t I I

I I t t- —

—000--C000—000C--0000--0000--00C0—0000—C000—'-<--——— cr. i;OOOOOOOOOOOOOOOOOOCOOOOOCOOCOOCOOOOOOOOOOOOOO C-i^ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I r U.U.
"1 UJ UJ U> UJ L-' UJ UJ U,' U- U-' U,' U-' U- UJ U- U-' LLj LiJ LJ LO Uj UJ UJ U- U- liJ U-' l^ LLJ L^ UJ U «^ w.
»J«^^f^^-cc'^vr,*»^^o^*-^r»r^r^£^->>^v^of^^^^»?^o^-^fsr%^«c^-^^»J•»r<^-»r>J•sr•occ«c<>^Ccc

.^»^C00n-0 — —'—IPO--—'—'^C--——'iTO—'-^—''-f^O-^--—'LPO—'-^—-i^C--— —'l^^^^PlPU^^^ OX
O'*^cccrcn^cc^-^-r^r'^0C^-*-•>-r^cc^-^-f^f^c^^-^-^>*r^c^. ^^^-^-'*^<sr^^--^-'^ccr^^-^-^^^r»*'*^<^ CD—

J

CfV'OOO—COoCrgCO'' •rsJOOOOrsiCOOO'MCOCO'^'OCCO'^JOOCOfV'— fVNiP>J"-

OCOOOOOCOOOOOOOOOOOOOOOOOOOCOOOOOOOCOOOOOOOOC <<



81).

fO m f^ f«^ ro

o
1

O
1

o
1

o
1

O
1i

UJ
1

UJ UJ UJ UJ
>*• o vj- CO m
0^ 00 CO r-- r«-

f*- in rn •—1 a>

o ^-t Csl ro ro

00 o >t (N o
•^ c> »i" 0^ >?

fo rom rg <M (\4 -H -<o v0r0(\jrsj--^0 OfVJ<NJ«-'0 r0fvj«-««^0 r^fMr-40
.-^oooooooo (XOOOOCO >j-oooo tnOOOO

* 1

oooo
•

OULILL'LLUJUjUJLUUJ O UJ UJ UJ UU UU UJ CUJUJUJUJ O UJ UJ UJ UJ CUJU-UJ
r\.r-co.-HC7^ccr^o fSj-^O'^-^CO omino ccf^i^C <«ro^
r^Ovftnrvji^Oo inr^Ntr-c^st inofvr^ ro>tO»J- r-i*-^
r^-^CTLr.N^oor-sO OOOLTvO—

<

—KMir.o sCCClTiCO -^inin
II a^irNOr-Loo>ciri II

ccrriOLnvCr^ II ^3-occ^- II in—<r^i-< II oxr~
iPOLT.—'O^LnvOro (NJ fr» LO Cr (N.' 00 OCsOO—

*

CCiCf^O^) 0»--nJ-

—(Mmromr^.vOiTvLn — 0^ r~ ^^ LA—'o -^cro'^m — ccmfMO — nOoooo
»-i—f^-l/>,l^Ov^c^oo r\j sj- cr (M 00m .-1 fnr^>j-(\iv^ Nt>i-orvjxO in—TNi-^

Ln^^vOr\j-j>^<—ICO _i fO »-J ro ^j ir\ vO—*f^00 nTvO^iNJ roroin
• • • • • • • • • • •

ocoooooc^ oooooo oooo oooo ooo
^^ w> ^- «^ «^
UJ UJ UJ UJ UJ

23 T" ^ ;r 7-

>-< II II II II II II II II <— II II II II M II ^ II II II II •-• II II II II « II II II

- h- t— h- h-
UJUJUJUJUJLIJUJUJ UJ UJ U- UJ U- UJ LUUJUJUJ UJUJUJUJ UJUJUJ

.-l(^J^o>J-mv0^^ooc^ ' f\j r<^ -«}• ir\ vO r^ -^(\ir<\>tir\ "-i rvj n^ nJ- in .-ifMrOvj-

II II II II II II II II II II II II II II II II II II II II II II II II II II II II M II

zzzzzzzzz zzzzzzz zzzzz zzzzz zzzzzzzz



85

<~fv;f^J«^i<^;<^J^^(*^^or»^^'^^^?^«^^*•sJl^^l^l^l/^l^<o^»0^»0^»•r^r^r«-^-coc^t^coooC'^^^C»00000 r*^f^
— -'——— CO

I I

U,'UJ

—'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO oo
IT) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I nTvT

u^LLJUJUjujuji-^ujii.'ujL~u^LL'L^ULu.'U^ujujujujuju.u^ujU-LL'UjU.ujUJUJU.^ r>-r«-

p«- r^ r^ r«- r*- r«- r*- ^- h- r^ ^- •*» r^ r~ '^ t^ ^- r>- ^>- r>- r>~ h- r^ ^- >- r«~ r^ f^ f"- P^ r«. f*. r^ r>>- r^ r»- r>- f»- N- r^ f>>- r^ N- r^ ^» • •

t ! 1 ^*^ ("^ r^ (^ f*^ f^ r*^ r*^ r*^ r*^ r*^ r*^ f^ fO p*^ fO f*^ f^ fo r^, r'^ r<^ f<^ f*^ (^ ro f^ ro ro r^ ro ro r*^ f<^ r*^ j*^ ro pfN r'^ r<\ r^ f*^ r*^ f*^ f^,r'ooccooooooccooooooooooooooooooooooocoooooooc o

coooooooooooooooooooooooocoooooooeoocoooooooo ir>ir

f« r*^ ** 'VJ r*^ -<> ^<N «-\ ^' 'T^ r^ r^ f^ ^^ ^^ j-rs pyj mtn ^^^ ^<^ r<> (%j '^ **>^ r^.^ '^^ r*^ '^ (^^ '^ ^' fV 'V. rvj f^ ^"^ h^ ^^ f^ f^

boooooooooooooooooooooooooooooooooooooooooooo «—
ajujLLi'jjLi,LJujuj'xujiiJU.'UJLLiuJuuujuJuJUJUJ'x)UJUJLUiJL'iJUjajuJi^ ^ n rr

-»^f\j>?'»-C!7'fM---^0-<^'*^00-^»J'f^fV0-*C>r''.f*-0'^X—<VO^— -^OCOiTinC—c o -—
»(Mcor»-r^o—<C'*M^.•o-^-^oc^oc^o—'Nto^o^oc^—'Oo^o'^'f^JO^-coov^OJ^c^'\cooooooo
fc-O'*->0OOC^O>3OO-^OfMir^O'N00O'7'oOLn>^v0OOLn—*»J'0-^-^CCCO'*-^-ro'^000000

--'%.'p*>roT>OfNJf^'^C0OfVJi^'^f*-OfVr*>r\jr^OC>O-->?Oa0O>^ir^OO>?'^*U^O--'>rir.>COOOOOO

^^Jr^J--^»rv^vJf^J--.^f^JrsJf\J--^->J^slrs;'-^^-^^Jr^(^J•-^r>~rs)(^J(^J--^^(^J•—•-^—'Of^J^-^-0—'PvJf^ OO•••• • .**.•
IOOOOOOOOOOOOOOOCOOOCoOOOOCOOOOOOOOOOOOOOOOCOo UJU)

I I I I I I I I I I I I I r^-O

OOOOOCOCOCOOCOOOOOOC'OOOOOOOOOOCCOOOOOOOCOOCOO
I I

I
I I I I I I I I I I

>-*-
;_•-:

--0— --—'0000--0000--CCOO—OOOO— 00 0--— 0--—CC—---^—— -<-- C 3oooooocooooooocoooooooooeooooooooooooooooooco C_J'->ltlllllllllllllllll|llllt|llll(||llll|lll|l|l U.J.
~9 '^ U< L. 'wJ U.' L> U. LJ U; L ; U. U^ l^ UJ UJ UJ U^' LJ U.a UJ UJ UJ U ' LL LJ LU ^.-' U. LJ L^ UJ U I UJ U.' LL' L^

UJCCrvt'>Ou^f*^^?^vu'^--^^;f^.--c^--^^•co^^Jfv•--'^f^^-----O^Cf^---^<NC^<?0—*r^xc*«0—'U^--—'—-iP cs:^

O— C«rfV--CCa;fvrvjooxrvjOgooocfv.fNjOCrrN^rM003Df^rs;>^xr»---fVf\jrsj^^ry.'— r^^vrN.'—
tL^—'<7> <o>r— fNw--— oc—'f\;-<--a:—'rM——CO—'«vi--—'cr-<f\.--—QcC'—'--— rc <•—— <: c sr cc orcr, »?• _j_;

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOO •-»-



86

(^ fo fM <N (M
o

1

o
1

o
1

o
1

o
1

1

UJ
1

LU
1

UJ LU
1

UJ
r» CsJ in in nT

vO O ro ^•4 o
h- in vO r- r>-

-i- in >^ (NJ o
00 ^o CO m 00
QD ro r^ i—i •^

0(\J«-0 <-(NJi—lO 0(NI»--^ fVfsjO rn-^O
OOOOO
^ 1

o^ooo r^OOO
. 1

--00 ^oo
• 1

OLULLUJ
•

1

OUJUJUJ
• 1

OLUUL'UJ OLL'LU OLUUJ
Orofsj OCl^vO incccr fVCsJ r-^
OfOvO moo '-'vC^S- oin vTO
f^<MO fMsT^^ CO^vt Nr>3- r~fo

l( r<^cf\<- II vTOvO II --oin II r~—

1

II c^r>-

h-rooo OCMT. (MrMco r^x 00 in
<~cccrLn •-»•—liner «^—'(NJ"^ ~mcc ^>J-v*
or\ir~ir^ r*.r-inro co(^.-jLn cro-' of^o

(\irvj<\i -J.—ii—

<

^^—i(T —'CO —4COvO
• • •

ooo
* • •

ooo
• • •

ooo
• •

oo
• •

oow «^ k» «— "^
LU LU LU LU UJ
s: Z^ ^r :^ 71
•-. II II II •— II II II •- II II II •— II II « II II

>- - H- H- 1—

UJUJUU LLUJLLI UJUJUU UJUU LULU

»H(\jfn>j' ^^(\ir<^Nj- •-<f\jro>^ --fvm —<(NJro

II II II II II II II II II II II II II II II II II II

2:2:22:zzzz zzz zzz



87

——— -'— oo
I I

UJUJ

c c*

rc(N;ovj<N.rs.r^'f\,fs.rvjfNj<\,cg<Nj(\jfvfvjf\j<NJr\jfv.'rsjrviCsirvjfv<Njr\jf\.'rof^ CO-^OOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOCOOOOOCOOOOO CCCO
o I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I <->r
'^UJUJU.'UJU.'UJUJUJUJUJtJJUJUJUJU^U.UjU-'laUUUJtUUJLUU.'UJUJl^UJUJU.^L^^ r^r^

UJOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOCOOOO
r:occrxoroccfcc'crccffiacocc'CCcrccccft^fccccpoccc<r'<T^crcrrorr^ccr«crcrcfcroocrcr^

oooooocoocoooooooooococoooooocooooooooc oooooo oo

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
LULU

UJUJLULUUJLULUUJU<LULUU_'LUUJUJLULULULLL^'LUJJUJLUUJU-LL'UJLUIX,IJJLUUJLUUJLUX'LUU.'U-LULULUU.''^^ ZZ ^
--.^-^^co--Ol^^ro^*>r«-OL'^-^'*^'^O^^oc•-'«^OOf^^^«-f^;o-^coO(^.'OOC^o<^Jo-'^-'^-OOooooo •"-•—

-^'*^^C>?l/^0-^«^:*^<MC--(^.'C*>C^O•0^^f^OOs^^--^ro^'^:-^OOC'^f^OOC^fv.7»0000000 ^-»—
• ^«r^Jr<^^0^?•^CO>^0(^,'00'^JOO-JCC^^O»i-0^o.^>o^-|^—'COOiTirMOOLfMNJC^roooOoOO
•-•0'^«0<^0'T^C'^<^0«00^-C>0<^C*r>-OOOOcr)COoC*U^f\!00'^C^O»^0>^'*^-->?"000000
«^_-f^,«^c^oc^<Ni^c^Of«>^-ou^oocoocooco^-^^croc^o^^-Of^."^c^rv,r^^r——<r^oooooo
^-cr.-^:>>OOCO(*~>C->OOc"rvjO-000033vrOCO>?*<-00'*^-'^'*^OOfVOOO'^'VOvrOOOOOO
X-^C>^-*J^-^0>r-^•-'^--^>^—<u'\-^O•>r•-'^^^O0^>:•O«^'r^»r'^^^l^\v--no^^l/^'>'»->^O.^•'w'^l/^L'^^/>u^ -^iTi

r\jr^,.-«^nosJfv•^^.'«-'f^<^.'^J<^J-^'*^f^JfVf^J•-'f'^<^Jf^J•-<—'r*^<N^^-^i--'<NfV-^—^•-'-^{NjfN^ OO
• •••...•.•...••.....•• IOOOOoOOOOOcOOOOOoOoOOOoOOOOOoOOOOOoOOOOC-cOOOO uuuj

I I I I I I I I I I I I I I 0<NJ
c^o

— —.--O --— '-<— C-<-'----0— --——C———'--C— -'—— 0--—-'--C.—0000——^— ---< f^vTCOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOC'COOOOOOOO r-f^
I CO'-'

UJUJUJUJUJU.'UjLUU<UJUJUJUJUJLL'UJUJUJUjI^LLLL'UJLUUJUJIL'UJUJU;LUUJUJUJUJU.LUUJU.UJU ^cc

"^(^--^vxrvl^c^-ccfv(^-^r">^<"l^lrvJC3r<^ln^or^JO----^0(^;<^Cco^-(v^CC^u^C(^.u'^^r^;Xf^,(\Jr«^(^:f^wrc >j-m
»<-cccc --C" c^ ^rOf^c^o^rf^J«cc^cco^^o•^^c»oo--'l^.c^f^/C"^?rv.^'.-.L'^^c^oc^^^>,•-f^Jlr^c^ c^C" c^c^ c* • •

cc ^ '^ '*" '^J r^,' >r '^' (^ (X o^' v~ '~^ "^ fV rsj >r r^ f*^ r^' (\; >r f^ r\.' -- 'V ''^ '*^ fN.' C^ ^^' fNj "N.' —' f^-

--^-— C^ -M—i-m-j:>-^_*—'—^C^ -^-^-^-^Cr——<'-'—'C7>-<-j—<—'cc—'-^—'— cc--C^cc cc r^-^—<—-^—<-< II "

ocooooocooooooocccoooccoooooooooooooooooooooo •

I I I I I I I I I I t I I
*-<-
ox

-^^4.^^^_j—OC——"—<00—'-^-^OO-^-H— OO-^*—"^CO— '—'—«00^^— —'—'-^-*———'—'-^-^ OfIDocooooooooooooooooooooooooooooooooooooooococo C_J
'-^ t I I I t I I I I I I I I I I I ; r I I I I I I ! I I I I I I I I I I * I I I I I I I I I L1.LL

^LUUJU. L_iU_"w_LJUJUJL. .L'UJLJLJUJL-U.t-.LJU-'U L. -.' L_ L. LU Ll^ _;_' l_ .. l^l^ .UL;^ U_' U- U. L_' f UJ :«J U-' U-' UJ LU — «—

•lTnc r^'^cc'*^ >r>r >r CfNj^-f\iOOPs;-c>- :o»0•>Of^•cofM^C(^.•L.'^C^^»•<3>CC—>-'0'>roOc;OtE«0>C<Coo
fc- C r\;o f*- u" '!*- ~ .-':-->-•—'— >-—<u" cof^-^f^i^f^"^-—c~ >-coo—*--f*---if>i—««ciri'*"Cr-^vr —'•-'--'lA \jj— —-rrrvO"^ j^ —'f^ ?'«'^LP--'C.-^--''-'^oo^cf^iriOC>f\,'TLr>ooin--i/>'T*»«-Lrfs'J" ^. L^iT'ir ^ OX

a:ccT^c::r^^yCr^c^\^ c-irr^c^<'C^^f^c^'^c^a:>c.'''^\r T-^fK '-'•-* 0'>tC'^c^ r^<\ic^c^^ c^^c^oc^ >T u-u.
CC^<>»^'V—*CC"<^^<\'C^C><^»^<^JC*C^O>rf^<"^t^or">^^JroQroc<^••fv>c>r^Cf^|-'C'0^^fv--^^f^l(^;,w
u. >?• cr 00 nT c- cr--— oocci^«-«— '33QC'C"-^-<'3Coocr—'^-ocooO*—'—<ccooco——"Ox»rr«-<,--x>j- c?acr»r _j_j

<<
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO *-•-

CO



88

<\j f<^^ u^O <NJ <*^ "^ u^O r^ r«^ «^ i^ >0 Po (<^ >t u^O <\j rn^ u^ <0 rsj <<^ «tf- in ^0 cv (*^^ *^ "O <v fo »^ if^ *0 (N
••

)—

•

wf^J<^Jf^J^M(Nf'^fO^C(r^fn^^t^^*t>d"^/^l^»u^u^u^^o^O>o»0«o^-f^f^^-^-coocooooooc^a^a"0^<^ooooo <\.'<v

I I

UUUJ

oocc

rg(NfvjroeNj(NJrsjrNjrvjfM(Nj<NJfvjrvjfvjf\jrvjrvjf\j(\jrvjror^r\jrvj(Njoof\j{vjrofvjrof^ —(-j

^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO vCO
o I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i i I I cro
^J LL' UJ U-' U-' U.' LU LL' ll; LU UJ tU LU UJ LU UJ l^ U.I LIJ UJ UJ LU UJ UJ UJ UJ LU UJ L:-' UJ^ -C-O

oo<r'cocoX'COoocPccco<x)COa?cocccDc7COcr;oncococccoorcccocccocococccoc?orco(r • •

^-c^c^G>o^(7'C^c^oc^o^c^c^o^oc^o^c^c^c^c^c^c^oc^c>c^c^c^oc^c^c^(>c^c^c^C7^c^c^o^c^c^c^c>c^

(^Jf^J^^I^vJ(^J<^JfM^^lfvJCors;^^;r^v'f\Jr^JC^Jfsj(N(^J(Nr^JfM^vJr^Jfvr^Joo(Vjr^,'f\Jfv•^

oooooooooooooOooooooooooooooooooooooooooooooo oo
(NJ(N.'

rof**. rvjrvjr<^ror<^r\j'NjrnrO(^(NJ(NjrOfOro(\JOvjrnrnr<*(rvjf\J'^i^'^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ^'-'

LUUJliJUJUJLUUJUJLUUJU-'UJUJUJLJUUJUJUJUJUJUJLULUllJUJLUUJUjUJUUUJULiLUUJL^^ SISI
•«o^-o'^JO^-C^<^JOOof^ocoo<^JrOLn^-o^^•-<^n^novO^-•<5^oo^^u^^ocoovOC7*c^^toooooo —"-•

--)vninL'^>^Ovd-'^rooor*>*-'^'-'OO^f^ir«vfo-j-Nor^inoc>i^r(-ixorovtOLnOvO--<oooooooo •— ^-

» COO ^-oo v:^ (> CO r--o rn n3- <T) COo >j- --< f\J ir>o vf >^ vi" --<o vO r\i rn c> o -^ r^ o^ (>O inoo --'oo OoOo
•— (\j^ (> iTioo COo 1^o -^ r-- r^ cco 1^ c> f^ •-'o f^ --< f^ -^o^ 1^o 'T'oo c> cr oo ^t <NJ f^ -^oc oooo
•«--co^-(^;^oo^?^ou-\^oor^c^c^c^or^Jr^Lnlnooc--'Lnlr\oocof^Jr^-^o--'>^'^Lr^o^---<cocoooooo
^aD'-^a^(NOCo--<^o^^JO-oc^a3fOO(N^o'^coo^^-(^J<^JOC^vOC^oo^-^0(^;Ooc^^^OC^Oooooo

,-^-^(^,-Hoo-^"-^C>-^rO'-<«--'0^^^f\j-^--<C^<--^oO'-^-^co^^cN'-^—<^---*fVoo^~•>ir\J^^Jr-^'^f\J^O^^J<^J^o^^o^ OO
IOOOOoOOOOOoOCOOOoOOOOOOOC'OOOoOOOC'OOCOOOOoCC-OO LULU

II II 11 II II II I I I I I I I I I I I I >;ro

_i^r-^Or-<-^.-<r-.0'-^—«--0'-^—'—lO'^—'^—'C—«—^-^—^O-^-^-^CO^OOOO—^-'—'—<^ vOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOO o—
I I I

i^c
UJ LL' U_' U^' LU UJ LL.' UJ U_ LU LU LLaU UJ LL LU LU LU LU UJ LL' LU LL U.' Li- LU UJ Li,' U- LUUJ U-' LL LL U U- LU LU LL LU LL^ L^ f^' vC

«~C"»-'>CrvjrsjO>r'^'i^<Ncou^u^»^rsjror*-.--i<^r\i--ccrvj(NJrs|COu^-^rorsj(^u". Nrc<\i«--< vOfNi

~^roCf^<N(^J^C^Occ^-(^J^^•'-'U^Of^J^^Ol^^^-^^JO<"Lr,0^v.'0<^'-^<^'(^J"^-^C^^<^J'^''^C^C'(^Jr^ rr-C

»-
• :;C .--cOf\,'C7>c <2cf^^C^^J^io<^J'-^cOr--'r^J(^Jco.-<v^^^f^J^?•^- v^r^(XNtr>-r<"ir^. rvjf^ CO

.—lO—*^o.--^ooo-^'-^ccf^a^co•--'oc^f^l^^••-^o•--^Ln»o•^^o>^•--<r^r--<^^occo•—'rocciTivC—<-^----j--i--4

.--vr--cooO^^--cooc^rnOr^a3c^f^C^f^<•0^«--'CCu^OC^^Cf<^'--'a^C^^ool^^(^JC^(^v^'--^^c~OOOC^?*
CD^O^n^.-H^vJ(^f<^-^'-JO^ro^o.--^Of^l(^(N•-<0<^J'^f^|.-HCT"rvf^J^vJ•--'vtoo,-J--JcO'-^^^

OOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ''•—

'

I I I I I I I I I I I I I I h-h-
OX

»-<^H_i.—i,^!—tOO^^i—'-"^CO-^i—"'-^OO^Ji—<—'Oo—'•—''-'OOi—<—<•—'0«—'-^-^-H^^^HfV^j.-^—<»-<—^—J C. IDooooooooooooooooooooooooooooooooooooooooooooo 0_)
•~ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I U.U.
"^UJUjLJLUajU-.LL)LULULULL'LULULULULULULL'LULLJUjUJLL'UJLJUJLL'UJU.,'L:jUJIJLULULL'lJ-iLULLiU.U-UJUJLU^ *-~-
•.c>O0^Cc:;O>3-C>o</r-fMf^»^ vO^rr^i^rOvCLncriNj-r^vOOr^—<f\l<^cctr^-Ln^0f*-^^L'^o^0x<5O^Ccc

*-Ovr--^r-<L^^-^<^-OLn^Jf^^rC(N.--|^o^~'^^^-^oo'^^rc^-J^C(^JCcc--^-coo(^•— i^'-^ocu^—Ju^•--'--•--u^ lu

ijur<'iO^-oir>00^0—'-^C^^taJ—<(^. <:f*-c^—<%*^0(7»l^l^(N^r--^0^^r<^Lr.vr^-'^C"v^L•^^-.-l/^-^—^-Jin o;^
0<3>^CrrOvOf*"'f^>C(\irOvj o^.--«CrocONOr^rnvorv'r>-0(^CvOC^Lnrocccr*-a"iro<r<N.'vroc<^vrf^i^<^NO O—

'

or'^~-vJr<^L^^^^rof^Cc^cC^ooQOO"Ocx?^Ofnc^^r^of^Jr^a^r<-^-J(^,lC^oo•^oc^o^OJ^a'a:c~^^c^OC^^J• u.^

u.>J"C0O—'vtoc—<—^f<"icccC'^'--<rooooc-^»-<(^cca:>^--^roa5r^--i-H(vjQOvO-— CT'^^co—-(\J-^^J•cx^>JXQO _j_j
• .»,...... <<ooooooooooooooooooooooooooooooooooooooocoooco >— *-



89

rs)f^^f^/^^OP^J^^^u^C^gro>J•k/^,crsl^<^^J•u^Of^Jr^>*lP^O<^.f<^•.J•^^^'^rgf«^s^U^«C>(vr^«Jln'£'r^

^-—'—— ,j CO
I I

LLUJ

rsjf\j(Vg<\jf\y'<\,(Njf\jf\.f\jfv;rs,(\<rsjr>;ror\jf\i(\jfv;rs(<\jp^rsjfNjf\jf\<rvjr\j(\^ f«^'*^—OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCO <^.<^J

O I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I CO
«J" UJ UJ U. U.' U- U- lij UJ LL; UJ UJ LU UJ L-' U» UJ UJm U- UJ UJ UJ LJ UJ LL' UJ UJ UJ U.^ rO f*"

c^c^c^c^oc*c^oc^c^c^c^(>c^o*c*•c^c^o*c^c^c^<><^<>c^o<^(^c^c^c^<^c^c^<^C''?^c^c^c^c^c^C"c^ ir^r

S f\j fV rs, fvj (\j r\, rv.' f\,' Ps.' Cvj re rv^ r\j r^j rv; f\j r\; rv rv; fv rv fNi <v f>* rv; rv re fv.' (\j fv^— c^c*c»c^c^c^c^ooc^c^oc^oc*c^c^c^<>c^c^c^c^c^c^c^c^c^c^c^(^c^c^c^c^c^c^c^c^c^c^cc^c^c^

OOOOOOOOOOOOOOC'OOOCOCCOOOOOOCOOOOOOOOOOCOOOOO CO
•«? >?

'*^r»fvre^'^rrr^.nvJrsJr^'»^r^JrorsJl^'vrors;rorore'Vro'^J(^^^:r^Jror^J'^r^
ooooooooooooooooooooooooooooooooooooooooooooo —*-

UJUJ
(jjujujujujjuluujujlului^ujujll;ujujuju.'UJUJluUJUjujujllujluuju^ 31 m

-»u'^reu'^^>-0--'^.'ro--<0'^f*-'^|-^0<*^fVlnoOu^crooo^OCO^r^^^^COO«C'^0'^0•J^OOOOOOO •— —•

-^r^Xv^r^OO>M/^'^Orr>ao'>00>J-CC--'^'0-<OrsiOOtri^-Or^O'^rv;OCC'^(?'<*>-''**0'T^'~^000 -—
•.rs;^-o»^0-*00^-Oro^^r<^C^Q—<c>0:>Ov*TOOOO^*'^-^f*^OOvfiC*00'^»OCi/^000000
fc.r^J(>vJlr^CC'0-^00--0-->/^l/^OOU^O•^l^lO'T>Lf^l^^!-^OO^^^OOOX'J'^--''^Ol^l,'^N-^0000000
^.'\.'mO'X'00'«>Oi/^o»?"«?ooorors;CMriOr<^r»-'-Mno'-<>?"ir<or>xrvC'7'Ocr>^r»-«Cv*'Oooooo
^ro,*w'\OOi>J'?*rw—•000-^v^O>?f*->^OC--OCO>00^->r'*~>rOC^—'OCOOCT^OC^OOOOOO

--<co>^>rr^J--x»r^^ro-^cC'^^^reC*QOf<^lAr^Jco^^r^J^roOln—'ir.rervj-^0>C(NU^iri>Oc>rorec\jru OO.•••..••••••••••• IOOcOOOOOcOOOOOoOOOOOoOCOCOoCcOOOCCCOOCOCCOCUo UUUJ
II II II II II II I I I I I I I I I I I I I cr^cc

^-<C-'-^——C——^^0— —'—«-<C--—<-4— — --^—0--—'C000— rv.—CO——— -'— -- — f\iOOOCOOOOOOOOOOCOCOCCOOOOOOOO<-OOCOOOOOOCCCCCOO fo-C*

I I I I I I I I I I m-«
UJUJlULUUJUJUJUJLljU.<UJUJlJL'UJUJU.'li,'lJLUJU.'U UJUJUJUJUJUJUJUJUJUjUJUJUJUJUJ LL'llJLULL'UJUJU. LUUI CCX

»»r^.u'^--v*f^.QCf^vn,J•rvC^r^col^fV--r^.^^^-rvil/^r^rsJ<**f^J^OP^r^^^J—'OOrcrN.t'^Orevr»f\rN.r«f^ <00
"^cC'^OOr.— rv.cOvi^fv.<5— r^.r^re— CO^^f^:Of^fVcrro^-^^. f\.--rsjC>.~C~r\.'r'C*'ir>--r^rv.rs,r>.r^rNj rv,rv,

^-rs,Or^f^r^u"'f*^oc^r^Aj-s?rvj—<f\ — >j-'*^%^fs.irr'^^crre<iC"-^<—fVl^»<^•u^or^,'^— 'rrs.rsjrv.^rs.iN.r^' CO
'^C^<0»0<N.'—^^*•'«?'-*'^-^--<x^^^~--^->^l^>^c-^lP'^•>^^J-^'^--f^O'^^J^^^<^J-^cc^^^^rc•--'--------'»^

^-<C^^-<^^qnC^»-^^q>q>„^^(^cc——— cvs*— --— ccfo— crxvCtN.—•h-%j-reir--————— 11 II

COOOOOOOOOCOOOOOCOOOOOOOOOOOOOOOOCCCOOOOCOOCO ——

'

I I I I I II I I I I I I I I I I I

•--
ox— —•—.'«^-*—.C— f^—— —'^—-'0-"^—— —r->--—c— >?———'--•^.'— lf^'*>fV———•— --— -- X"^COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO C-J— I I ' I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I I

'• I I I I I I I I U.U.
-)UJUJUJ'^LLiLLIUJU.'U.'U^Ll^ JjUJUJUJU.'a'L.JLJIJL.'L:jUJUJLL'U. UJUJUJ UJUJ IJw'UJLiJ UJU '. '^ LU LU U.' U. LL' U< UJ UJ '-'-'

•a>vnvr>?-ccre^cr>revCi.'N»r<Nj>?o— inoir\»Or»>C"iri<ooLno«or«-«c^cr--<r'>ct. xcrr-ocrc ooco
•->^>C'^<VAr>u^Lf>r'>fN.'— ffincc«^— iTcocrv;— c*—c'^— vCCC^u^—— trcc^'— oc'>r>?"-^tr--'--—'»i^ uj

^vTvC— ''^k/^^"^r^acc^——'w*C7^0-^>r—'f*>^— cccrc-^—<f**.<V;cC0— OC^>Cf*--^<r'^^-^—"i^—'
— -^J^ 2^D

0>OOlr^-<;r^Jl^l--c^'*>0•-*C-^'^^*Clf^f^.'*^•CC«^>?'*^'*^C*•^f^'*'--^«^orf^cc^»•crr^ro,£,r^f^,f*^^ C-J
Oi'^>rCO">r'^'Vccj^O'«0-^f*">CC'^QCrsjC>C'fVJ«^«CU^O''^in'-*'*-CT'cr«^<--«CCC'>?"f*"'N.i/^^»;-C'0'C'«^ U.U.
Oi^^^-cn--'--<r<^ro,*rsio«*^rwir'«NJ<»rgo'^<NJU^f><>r<^ryjr>-c'^0<N'CCOr^^*'^-i-'<-^'^

ooooooooocooooooooooooococooooooooooooooooooo <:<



90

rvj ro X*- u^ nO rsj ro >t u^ »0 (V CO sj- u^ «0 (VI rr^ «^ u> «0 (\j f*^^ ir> <o (\jm -^ i^ >0 fvj f*^ «d- ir> «o fsj ff\ "d- inO re

w.fvjrNj(Nj(\jr\jfnror<^m'*^>^>t>f>t»tinu>u^u^u^o>OvOvOvOr^f^r-r--r»-oooccoooooo*c^CT>C"<>ooooo rvjfvj

I I

LULL)

r^J(^J(N<N(^Jf^J(^J^Mr^J(^Jf^JPsJrvJ^OfM(^Jrorvf^J(^;r^JrvJ(^Jru^^Jf^J(N^orsJr^J(^J(^^^ >^>r
^ooooooooooooooooooocooooooooooooooooooooooooo coco
O I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

cocc
>0 LLI UJ LL' LU UJ U-' LIJ LL; U. LL' UJ LU LL) UJ LL LU UJ UJ UJ U-' UJ UJ U_' UJ U- UJ LL'^ 'JJ ILl OO

>^ v?" >? >^ ^g" >^ V?" >? >v"^ >3' >i' »; «^^ -J" "^ V?" «? si" >^ ^J" vj" »J- «J- >3" vi" >? v^ »J- v^ vi" >i- »^ vj" v^ »^ si" v^ v^ >i" >^ V?" "^ v^ • •

ScccccococccccocococcaDcooocrccc?co<r?cococcaDcocccococccococcoccC'ccrocccccococcc^
— <rcccccccocccccocococcocooocococccc(X)cocc!raDcccocD(r(»cocncocooccocccccococ
»—OOOOOOOOOOOOOOOOCOOOOOOOOOOOCOOOOOOOOOOOOOOOO II II

cocccC'<»cocoaDcccccocoQCcocoooooccocccccccccara'cocoxcccccccoccocccaccccccrcccocccrra

ooooooooooooooooooooooooooooooooooooooooooooo OO

ooooooooooooooooooooooooooooooooooooooooooooo
LULU

lululuujujluujujlulululuujuliluluujlululuujlulululuujluujluluujijjujluluujujlululu'-uujlululj sis:
-•>i^J•lr^--<c^^OL'^ccoocx)0^^)of^'^Olr^«^Oco<--•coL'^Cl^^oO—'Of^o^Jino^^ccrntnooooOo -—
~^rM(^C^OOOv^^-u^Oo'^co^?-o^-^v''.C^Of\.lO^-f\)ocOvO<>^-of\l(N)0'^C(^i(^Jf\l--<OOOOOo t— i—

•.oroco(NJoor--oDrs-oor^->j-oo'-<rs---^^ooococ\ivoOf\jf\j^^Lno--'>^'-<'^oocor*-rooooooo
I—iCOir\Ooo^OLr*<NJOr^OOrOO<V)OOOOvONO<;f^OOfv—i|^OfNJ(^v*-(N)or>-corOf^OoOOOO
**lrl^t(TLnou^oocc(^JOr^JCOO^O^-<^J^<^^:^OOo^Ja3f^JOf^'^ccoo<-^c>^^<"a~.o--fV--<ooooooo
-^0-JOr^Ov^vCf^roOror«-cC!r\o-Of^cor\iOrnLnoD>-OrONj-v^ooc>-^OcccNOLnc^inooooOo
Xu'^rvl-^ccu^s^^Ocolr.^oo^^r)a^L^^-u^-^c^u^co^-!7^0LnO'-JsC^^J^^JOO'-^-'^!^J<^-^o^/^u^'J^ --0

IOOoOOOOOOOOOOOOOOOOOcOOOOOCOOCOCOOOCOOoOCOOOo LbLU
11 II II II II I I I I I I I I I I I I I I I I i I rv<^

I—i-HOO'-'i—t-^CO'-'^^'-'OO—^.-<000"—'--4000—^COOO'-^COOO-^OOOO"—i^-'--'.—"-^»-< —^CCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO cc<-
I I I I I I I I I I I fVh-

LULULUU-'LUUJLULLLL-U.LUUJUiLULL'LUL1-UJU-U_LUUJL1JLUU-UJLLLl;LLUJU.'L:.iLJL._LULUU^L-U.1X'L^ O^O"
»,^Oco,-^c^(^J(^Jr<^,L^.^-c\l^of^J^^coc^JU~.^occ^~^vJl^^^-r^J^^(^JC^•--^0(X)c^)^^u"»c^j<^^J^^ fviosi

-^<\;^OL^,^(^Jrna>(7'03f^L^>^~<^Jr^JC^(^ja:;o^^Jfv<^^~f*^r^J^>-o^^O"(^)OC^vC<^(^:CO <vjvO
•>0<^'^u^C^u^r<i•--<(^la^^ou^f^•--lC^cor^-^^oc^^Of*^0^-o^(^.u^O(\JC^•--^^.<)^C^^^^--f^J^o • •

-OC^O>^fvOvO—'Xrvjrns?->?-^-rM>J'r^. <;'3:?<^OOrvr<^fMU^OOi^c\jC^Ororvr>o<-r^r--r^rv,rvfv.'Ocr^ OO
•-^u^'^--4>r«-<fNJoc^u^-^vf'-^CCo^-'incocxjc>'--'i^'r^ONr—'rOf\jcorO'--<r--cO(Nj«-H^-jrNjrocCr^
^-r^osjvrc^c^r^'-^'-^oc^vO'—^^>^c>s^<^:l^%'•c^Cf^JOf^c^^^vJvfu^c^f^ol^coc^LOf^.!C^a^c^^(?<c^
c2ooc^lPOvJooc^^Of^Joocc^(^JOC^^c^^'N'OLO(^,lr^^vJ^sCr^v^o^J^-fvc^N*f^'f^'Lr>.*crf^'r^JC^

•-'^^r^cvj'—'-^'--'f^rvJ-^•--^•-<^^<^-^^•-^(7^-^^J—<--ja^f^f\j<--ic>co\0(^'^0>Oro>*-jr^rOr*sO-^ ii ii

ooooooooooooooooooooooooooooooocoooooocoooooo -^-^
II II II I

I II II I I I I I I I I I I I I
"-)-

ux
^^^(N.'^.-JO'^I^J—'-^0'-<(NJ^'-<—<--f\J-^-H—<—'(NJ---^—<—<'-<--'-<---^—<-J(N;^r-^-^—.—.—I—.—--^ CCZ2OOOOOOCOCOOOOOOOOOOCOOOOOCOOOOOOOOOOOOOOOOOOC O—

I

— I I I
I

I : I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I a.i_

^LUUJLUUJLULULUUJLU1^UJLULJLJUJLULUUJLL'LULULULUUJLUU-'U-LL'UJU.iUJLULJLULL'LUUJLUlU'LULJLULLUJL^ __
.—"^-«o^?•cof^{^J^H^^O^or^(^.f^;^Of^oooOcr•"--'^^(^.'0'^C^'^ln^cr^C'c^^^^CO^-n'*COc^^co>Ccc

«— oO'-4f^Lnv*sro3vO'--''^<^'— c-^CsTO'X)—icccL'^GC—'Or\ju'^x--N^o<^r<^--Csr'>^'^'--'in---w—«in u_'

•--^^Jr^l/^•—'r^vi-f*~r^if^Lnf^s?-<fcr5u^ccc^^ri^iJ^coCfvjr^u^r^fOf*^crLno?--ofvu^u~>?-f^ Ox

a:^*-c>(^-\^r^Tr^J^o^OLnc^^<"-^.-^r*-c^^<^o^<^f^JOf^Jf^J>r00^u^C"OC^. a^u^(^C^C^O^0^<^O u-t^
CX'-^^r^^^f*-Or\ir^<NJNCO'--'0'r\J>toccoir>r\ioo(NJOO(Nj—'^>"^o-^<^.'rvQ:^^c^f^fVf^JC«Cf^'--<^;r^^
u_<Nllnr<^(^^ru^.-->o^occvA•—"»o>oociri0^u~»r*-coin(>LOQOoC'vi-r^>r—^corgro,i^-<c^ _j_j

• <<OCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCO »--
OO



91

rvJfO«^^0(^J(<^»fU^<Of^;(*^<J•l^»C<^JfO^}•u^O^^,rn^fl/^^f^,'ro^LP^^f^,'ro,J•^^CfVf*^. >^u^^^.'^

^-f^.f^J^^J(^Jf^Jf•^^*^<*^«*^»*^^J^r^^>^»^tf^^r^^/^lP^/^«0^'0'*<0^*^-r^^-r^ccocoDoooocC'^C'0*ooooO — --
————^ OO

I t

UL'UJ

fOfO

—OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO CCQC
c ; I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I r^r^
GOLLtLULLLJU.U.U^'U^'UjUJV^'mUJU.'U.'UJU.LLU.UjUJU.'UJUJLUUJirL^ OO

r^JP^Jt^.f^^(\J(^.fVf^J<^;^Jfvr^:r^:(^J^v;(^J<^Jf^,r^Jf^ofV^v)(\;f^^f^^f^J^,f^;fvr^Jf^ ^*^^

^ecccr=occoccccc'cccoaccccrcccrccccccxcccoc:)cccccococccoc)CCc;accC'Ccccccc-c— ^^^^~^«.^-p^^-^-r-^-^-^-f^r^p*-^>•^~^-^-^-^-^^^-^-^-^^^-f^^-^~^^^-^«^-r^^-^-^-^-^^^•^^^*-r^r^
t-oooooococooooooooooocoooooocooococ OCOO'^OC>0000 M M

COOOOCOOOOOOOOOCOOOOOOOOOOOOOCCOOOCOOOOOCOOCO CO
ccoo

ooooooooooooooooooooooooooooooooooooooooooooo *-«-
I LL.'UJ

LUw u. LJ ll; LO° ll; UJ >i; LJ u. Lj LI.' uJ uj LiJ uj uj LL' uj UJ uj LU uj ll; ll: '^ . .~; ^ M
-^oj>^c>Ow*-^2coo^^-fN.oof^Of*^^oofNJ-'>r^oooc'Cos;cCknvcof^f^iv- '^ ——
• u'^'v——«0'wrvcoco--or^'3f\;inoo—•^-^-oo-^f^;OOOcOv^CT«o^o^^vnr*^c=o^o^-cocooooo

— -^f^-^:^«0'^J"*-=3r^o<^JOOOOO'^iror^JOa^a3ou^O-^-^l^l>^o>-C^>^--0^^•0—•'VJO ":

^ '^ 00 oou^r> .'*-'"> oi^^~ 0•^r'^'^;fvJ---'^«?•N*•r««.f\<lA'*^^/^vC•^ j>f\j.^vnrs.' j^Ou"*'V'-—u" .'
. - -"j-^ —--O

• IOCOOOOOOCOOOOCoOOOOOoOOOOOOC OOOOoOOOOCoOOCOOo UJLU
III III III III III I I I t I I I I I I I I I I I I I I cro

OCOO—CCOO--COOO—coco—OOCO--COOC—0000— 000—— -*--— -^ trr^ooocooocoooooooooocooocooooocooccoooooocooooo r^\r>

I I I I I I I I I I I I
'^'^

ujuju.u.'UjUJU.ujLuujUJii.UJUJijLUJUJUJu.ujujujajujijLUJu.uju'i:.uJU.'L:ju.mi^^ i/^O
-»ccf\jrnC'(N;C^»rr^CrN.— arfv^n^sJCOOf^rs;(^^o^•Lr.fVJ>^p^.^CCT"f^;f^ifVL^cDr^Jl^ccco^ C>r-
"^fN.cro^-fs.C^'N'*^ — !%;<%.— -'^--rs.— .—CO fN-Crr^ociT f\.'vO>r<-"*C^fN.'NjO«orv'(\iN;cof\jC^(N<\.(v r\.(N.r\; f\.ro
»v3— ca-c<oc:r^--c^--cof\.'c*C"00--'^c^N?-r~<x;--'Crr\<rs.oc>C'r'i>cr~»j-c^c*f^oc>>cc^oc-r crcr • •

--^?u^»rO•-<u''.N•«oc^-^u'^^-ccf^.--c'^^^CK•-'--^-^«•o—•'^c^c^cO'-irNccocc.— rOf\;>?o^'—"•—<—'-^—

-

I

c N^ c '^ '^ f^! '^^ C" f** f^^ ^' '-"• i^ f^' '*^ fv f^
'
^^^ c* >^ !^.' 'X' -- 1^ u'^ f^ ^- -- ^r c* <N' c: fv.' V* ^^

c^c*>Os^— CT CO ^•c-—'C^ cc«o«^-- 0*00 IP >^-'c^ccl^l >r^f*-'^>r vT"-^ <>?•— u^ --'>;•>? in r*- --—'--'-- -^-^ n n

coooccoooooococoooooooccooooooocoocoooooooooo •

I ; II II II II II I I I I I I I I I I I I
'->-
ox

^—.-.fv.—._,—.— ----^—.^^—^—..-_—.^^— -^_i—.—.— ^--^-4C^'— —.---<----——j^——^ crmOOOOOOOOOOOOOOOOOOOCOOOOOCOOOOOCOOOOOOOOOOOOO C-J
'->

I I : t I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I u.Li.

^ Lu 1-- L_ u.. -»- u. 1^ LJ -- u i u. ll; ll; uj '^ uj u.' u ) UJ UJ u-' u.' uj u.' U- u: u; uj uj u_- ix' uj oj lj ll' uj i_ i:. u^ 'j - u- u-' i-.' u. uj w. «-
.^«.^-^rrococ^^'^'C<•^"^x^g^'*^fxrvJU^oolnr'*c*^0<^.^-f^;--^cocO"-^~o—'r^ir>f*-Cfr;>CNCNCcc

.—•C^->rcc^-^^^o—.f^u^o^^lnr»-l^.'*^^^OK'n<xf^»<;r^.u^»^C*--O^^C--^^.O^nc^^*aJ^^lU^•>-l^L^v^^* ox
UJCOOC"U^^^u^r^^-— ccrvjcrx— fv.j^r«-C*'—u^ocooT—occ——— --<<0ccr^--<Nif\;O«r--kn---«--Ln 2:Z>

c::— j'.ou><-crinsCroc'C'^Nroc'C'crf»-r-tcr»£.ccfV'f*-C'<rvnirc'crxc>r->cc'f**>^>cc*c>>ror'?'^ u.u-
Cf*^oo-^—"knocc^.vnxoocc<Njf\.>rirc>rgccoofvJC*OC'f*^'*^— oc—— ^'-^>r— •^'^-^^'W—

• <<OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO *--



92

rj ^'^ ^t' IT* sO «NJ f*^ •* «r> >0 c\i <*> %^ u> »o <\i fo «^ u^ vO <\j fO »;^ u^ %o <NJ ro^ iTi sO fNJ fo «^ ir> vO fv f<^^ »f> »C^

•^(^Jr^Jf^J(Nfvf<^^or^(^fO^J•^i^^^*•^^lnl^ll^llr^u^^o«co^o^^^^-^^^-^~oocooc(»ooC"<^(>c^c^ooo^ --»-^
»-< 1—1 «—< t—< .-< oo

I I

UJUU
oo

^^^^^^^_4^,-|^^,^^^^^^_<^^^^--.-<_J^^^-<-<-^^_<-<-J.---^--^— --—^ CO—OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCCOCOCO CCCO
O I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i I I I I I <->^
O UJ LU LJ li' UJ LU UJ UL' LIJ LU UJ UJ UJ LLl UJ UJ UJ UJ UJ UJ UU L'J IJJ U_' Uj IL; LL' LL' L^^ rO fC)

.-"COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOO ——

'

c^c^c^c? c^c^oo c^c^c^O(>a^c^c^c^a^c^c^c^<>c^c^c^c^o^c^O"C^c^c^(^c^o^oc^oc^ c^c^ooc^o • •

ujoooooooooooooooooooooooooooooooooooooocooooco
:rcocrcccoocccrocccccO(rcccococo<X'cococC'C003cocococoa:arcrcDccc?cocococ^

OOOOOOCOOCOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOCOO OO
CO

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO —

—

LJUJ
UJ LU UJ UJ LU LU UJ UJ UJm UJ UJ UJ UJ LU LLI UJ LL' LU UJ LU UJ LU UJ UJ UJ l^ L^ rH TT

~-^0<^JU^OO'^J^-^Of^J>^'•^.^Ooc^Ococoo-^C^•—i-^0(\)(^fNj-HO(NJr<^cc'^OC^CDiriOOOOOC ^-—
~?aorvJOOfvOO^|^Oa^OO<^^^Lnoocor^^oo^-r^coooc^Ln-^<--'CC>--J---'^^oo'^f^^OOOOOO *— t—

O0^|^f^O--^or\)u^OLn'^^0CT>o^0|^->c^aDOcnln(^^-Ol^cc'--'<-oc0(x;'^OOrNC^cc^0OOOOOO
«— u^o--^v^oc^'^'cNf\iON^coc>voooLnr^'^o^-aoo^—'Orvoo(Njoc^NOf\;r«-oorvj-j'^.O'~'00oo
w-oo--'tnovCoc^f\iO(\ir^vOoOvncrof\Jooo(^(N;--'o--^ir\'^r^.o-Oh-OLnOroJ^'-'OOOCooo
•--|r^oa^r>-o•--'^Oocoo^oC^OOO(^^Of^J^OOC^C^^coocoL'^o^J^oo'^vr^n•--'C^^>-<^;ooOOOOO
X-^—^f^Joo'-'^•-JO'*^'^'J^^c^^c^u^lnL^\^oc^lnLf^o^Jool^lr^Jv*•c^^ou~^L'^or^c^t'^^^J'^c^-- —in

(Nj.-H(Njccoo(Nj'—*fNr^c^J•--'CC(^Joof^J-^|-^f^Jcof\|^-•-^rnc^(^.'^-<-<^oG^(^J(^>^J^C^<^ OO
•

IOOCOOOOOoOoOOOOOOOOOoOOOOOOOOOOOOOOOOOOC CCOOc U-'IJ-'

III III III III I I I I I I I I I I I I I I I I I I I I I I I I CO
coo

0000--iCOOC--COOO.--OCOO--0000—aoOO-^CO—C—*OCOO—'-'—'—-—4—. ^nOooooooooccoocoooooooooooccocooooooooococcccoo COC*
I I I I I I I I I c^O^

U_' UJ LJ LL' LJ^ LU U-' IJJ U.' UJ LJ U.' UJ UJ LU LU LL' UJ UJ 1X1 U J UJ UJ U_ LL LiJ LL.' Uw L^ CC —

<

-~c^(^N^^-^^J^^JLnococ\lxc^JC^o^^)0^3>^(^.'c^J^co^^Cf\.'L^ll^LO--<(^Jf^JO^o^no^J<>Or^.^ cc—

<

-^L^^^sJco<^JO(^vrco<^J^6<^oc^f\JC^^<^c«c>(Nco.--coc(^JCr^r••— cvl'^ocv'clcxccc ^'-^

^- a; 0^ O u^ Oxj r- .-^ V* O' (Nj (V roo IT. (N.I —- IT. u^O {\j n^.O ro <- (%: OvjK v^ L"". fMO (V cc rv.' (\j C-C f^^ CO
•-'COorsJC^•-^u^oc^^o--'C^^^t^o--^^Ol^lr^C-^C^f<lf^O-^r^u^^^--^—*C>^>^f*-—<c^<"<Ni»r--''-<----<--''^ I

oor^v*L^»-^cor^^?u^--<cx;^-^ru^.-<ccf^^J•^rl-Jr^^o^<^u^'^^ou^.r^JlA•--^Of\J^oo-^lnl^^^c^-'^
cr sOCT>

II II

OOOOOOOOOOOOOOOCOOOOOCOOOoOCOOOoOOCCOCOOCOOOO •

II II
I

I II II II I
I I I I I

I I I I I I I
>-)-
ox

oooooooooooooooocor.ooooocoocooooooooooccocooo a_j
•~

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i I I I I I I J.U.
"^UJLJLL)UJUJLjUL-'tJJLL;UJmUJLL'UJUJU_'LJJLlJUJUJUJliJUJLUU_'UJUJUJLLIUJl^^ *»*•
»r^cc.----jc, lnfO'-<o^oa^rnr^r^^Cl^ocpOvC^r(^J^-f^oa^•— vCf^^ooi^/N.'r^<:NCO--c^ocrc«oow— ^-<^o^r^Ol^coO(^--'^^c^-^f\J--r^^i--^J.— crf^c-^«—'>;^f^c^Ln--o^o•-'cc•-^l^.ln^^w^'— u^'—-— —-in ui
'-'Occ>TOr-(>jr^N^^u^ooociJ^>t<— r^u^invOcrovCi/^Q'^'— <'CLr\n?vOu^rv.'irp«->0(^C.irr^L";^ O"**
ujao>rrOLn>fO(^»T.--<.--u^,—^vT-^f^irirsjr»-—<>C(^rou^.--Ovro^o--cocr^rvj—<rsicru^C^--L'^— .---u^ 0:3
Ou^>^L'^>OvOf<^f^O"0(^iPccOccro-^cCvr<Njr'^ONtvrc^(^>^rcryjr^j(^N^a^--Joornrnoccr»-rno C—

/

a.u^f«^cDco^rco-J^occc7^co^^roC5C^^~'»tc^^~•c^NrsOr<^OC^c^)--^co(7^c^^or^cooo^^^>^or^•c^ u-u.
CoO'-<•--<ro^^«Cf^J^o^-<^JL^.Of\JCCf^Jro^oc^co^^JC^ool^^cf^Of^••—'coroO-^^c^fNJi^. r^C^O<x^
u_,_jrn»-^—J^3-^n^cr^;(^JQCf<^^crc^vJCO(^u^--fvoo(^J>J•.—<(^coro<^r*-(^. ocu^vO<"r^ _;«j

• <<000000000000000000000000000OOOOOOOOOOOCOCOOOO *->-'

CO



93

o
I

il;

o
X

00

OOOOOOOOO
«_ _)
c

c oo
C CO
e CO
c oo
IT _ _ _ _ ,. j^\i\\r\

oooooocoo
I I I I I I I I I

cocoooooo
uj ll: uj u.' uj tu Lu uj ujoooooocoomocooooooo
c oo c c o c c oooc oo
oo c oo
COC c_ . r OOO
r\jrv;rvj(v(\i(\,'rv.fMrM

cocooooco

ooooooooo
UJ U,' U_ U' U J LL' UL- LU UJcococ coco

•j-oooooooooooooooooooooooooooooooooooo
ooooooooc>
u^ 'i^ lA -,'> u^ lA 'i^ j^ vr>

ooooooooo
I

ccoccoooo
UJ U.' UJ UJ U.' UJ LL' UL' UJccoccoooc

r<^CC ooccocoooooooooooooooocoooooooooooocooocooo
lO ir LP lt vr> IT L*^ LP L*"

fv. f\,' fvj fv. fv. r»j fv.' fv. fM

ooooooooo
I

ooooooooo

oo
I I

11 II

oo

UJLU
o

I

UJLU LL
or»c ^
>Crr\ •-

COvO
COCNJ •-

oc

II II c:

X
»— UJ UJ v_ . .. — ^—

Z OOC r ox
— fVIC^^ wO QlZ^

II C ^OO o_j
O ->C '^C U.U.
^ occ —

—

u^ occ— VT 'J^ L- J- ^- _ ., _- o , —
u. rv;fN-(N,rv.f\j'\ifv.'fvrg OX

• •••••••• ql3
Lj ooooooooo 0_lx

I
LLU.

2r
o
<

(\;r^>fT'<ir^CCC^CD <.<

00

LU
o
X
Z3

ooooooooo
UJ UJ UJ U.

' LL' UJ U.' LU UJ

(CrsjfVNifVjfVjrvfVifvjfVj

<\;fVf\jf\.rNj«Nj<\i(%if\j

ooooooooo
I I I I I I I I I

ooooooooo
UJ LL' LLl UJ U.' UJ UJ UJ LU
CCCCCOCTocCCCCOrsi

\r>»?">rN?">rNr>j">?"v?'<vi
—— -.— --—^^O
OC'OOOOOOfVJ
LPvr>u^iPiPiPioinc^

^^^^^^^^^ oo
• •••••••• IIocooocooo

I

M II

ooooooooo oo
UJ U.I UJ U-' U.' LLl U-' U.' LU
cc T cc cr rr CZ' a: or. (\

OOOOOOOOrv UJUJ
r\jf\lfNi'\ifMfMrv<Vi—^ rri^
ir>if>\/>L'MnLPL0ir'O ——
<^ >« vf ^ «r- >J- >?• vT" fM »- >—

OOOOOOOOO
I

—— _---.-i— -<-4 ooOOCOOOOOO I

LULU
Li-LUU U.'UJLULL'LL'UJ CC ^
cc oc. cc CO oc oc «•a f\) -cc.

COCOOCOC-fV.' COfV
f\ f\j <Nj t\j r\j (Nj r\. f\j •— vT.r-

IT lo^ u- 'j^ lO IT. ir>c »f «c

CCooooooooo
I

—I —J ^^ ^^ ^^ ^4 ^^ —^ .^ II II

ooooooooo
UJUJUJUJL'JLLUJLUIU »——
rrrcrrT'3>rcvrr(\i ox

II _.—.--—— —.— --c^ o_j
"10CC00C00<Ni LLU,

rv rsw' f\. fv. rvj (M f\. (M -^ — *-

J^ 'J*. tP L~nr> lP if\ iT c^

———I—— —I-*——' ox
Q.3

OOOOOOCOO 0_J
I LLLL

CC

OOOOOOOOO
I I I I I I I I t

LLU. U-'LJUJUJUjUJUj
cc«o^o>c< ^c >o«cec

r*-if\v/>iPirvLf>tr»cAr«-

tr,— -<— -4— --— tP
Cf*^ f*^ f*" <*" f

1
(<> r^ «C

»^r\j<NifNJf\j(NJri.rv<«-<

<X cr K CC oc « oc ^
OOOOOOOOO

COOOOOOO--OCCOCOOOO
I I I I I I I I I

UJ UJ U. U'U ! UJ UL LU UJ

C'--—————— in

COOCC'OCOfv— f\.f\jfV.fVj(M(\;f\,cC

coococooc
oo

I I

II It

cocooooo—ooocooooo *»-»
I I I I r I t I I oc
LULULULULULL L !LLU»

v^ r\j 'v^ ^' fNj (Nj rv.'— LU UJ
tt f^ "*- >- ^^ **- ^- f*- '^ :^3:

ooooooooiv W-^-
— <Ni(\jf\.'(\jf\jr\jr\jco

1 ooooooooo
II — i^oooooooo— oo
•^ ooooooooo 1

o 1 1 1 1 1 1 1 1 1 UJUJ
U. LU LU U. LL' LL.' U. U.' LU or>«0
S-»*«^sJ'>J-v^.*^»J .CiO

fT.^ ,-^(<nf<>,r«^(<-,fo,«r.— C—
•_« O—— -'—'-*— --U^ x%c
LU vr<^''v<Vif\.'(Wf\j^ CINj
2f" ccr^r*-f*-r^r»-r^r>-fO kr»r>-

» >rc-c^c-c^crr c^C' *?• c
k- C'COCOCCCrsj <5rw

— f\.r>j(\ifNJ<N.fV(\.OC • •

t— CO
< OOOOOOCOO
-^ —COOOOOO— II II

OOOOOOOOO—
1 1 1 1 1 1 1 1 1

*»^
,^ UJ LU U-' LJ u- U-- UJ ',^' LU >-*—
LU ^P^-f»-r^^«.^»^-^co ox
o 'v."oo<;0'^o«c>CirN Of 3
a: II roccOCOOOr^ O-l
o -JO'C^OO'CO'COiA U.U.
Lu mcccr^crccxcroco """^

—

1

(^-'OCOCCC o— LU
<r l;^-.—————-.>» OX
o Cl3
— ooooooooo C-i
^ U.U.
u^
tr —<-J
C' <MfO*}"4n^r>-XC7'C <<



9k

I—

<

X
>-

ooooocooo
UJUJUJUJUJUJUJUJUJoocooccoovOGOOOOOOOOoooooooco
c ocoooooocoococcooooooooooo
LrMnLrMnir.irMni/Mn
f\j(\jfVfvjf\;(\)CN.<\j<\i

' ooocoooco
1 1 1 1 1 1 1 1 1

CsJ (NJ fsj CM CM ro f\J CsJ rO

mmoo
1 1occoooooo UJLU
rofo

CO LD LU LU LU LU X' LU UJ LL' r-r-
O r-^cr\jr^«Nco—<o c^o^

1 in fv.' cc r\j vO iTi CM vi- -^o mm
liJ r*- CM C^ vT -^ CM >^ ccO CO
CO OOLr>0>0>?-0'^C <rvt
r* oocT^Lnr^f^'-H—'O p-h-
o cccor-r^-vfintnyOO ^OvC
ro r-r»-r»-f«~r^ir\v?-cMm • •

o p-r-p^r»-r*-r>-\0—<CM oo
•c coooooooo

OOOOOOOOO
LLi UJ UU U_ LLJ UU UJ LU UJ
-J- ^^ m. CMm -^—I

O"o
>j-mLAir\oc-;'<^>or^o
|»--AC^-JC^fMO<NJO
^oO'^JOv^--xcoo
--'^-^CMncomoo
mromovj—^vff^mo
C^ O C^ ^ O CO i-'^ -4" i-Pi

ooooooooo
I

mmmmmmmcMmoooooooco
luujujljujujujl^lli
(MCMvi->3-Cr^op—Jir.O

mc<rC^<cMNomcro
CJO^^vOOsCCCO^O
^-«coa;Lr,in.-'r^O
sOvC'C'-^c-a^NOcro
rommm oo >i- vTO
f^rom.f^imcMCGinm
rvcMCMPorvjcM—ir*-(Mj

OOOOOOOCO

II II

LHin

—iLn

OO
I

UjU^
r-o
CM»^-

<J <
CO
c^m
CM in
ITvC
• •

oc

m
o

I

UJ
m
r^
o
m
o

o
»-w o
UJUJ

in

UJ

ooooooooo
UJULlUJUJU-tUJUJUJUJ
rvrvjCN/CMCMCMCM'CMCM

>OCMfMCMOvjfM<N;(M'(NjCM

CMfM<M;cMCM(-\j(N;rMr\j
1—If—ii—i.~it—1_(.—',—i-^

OOOOOOOOO
CM(MjCMC\jCM'<\ICMCMfM

oocooococ
I I I I I I I I I mmoo
—

< I—I
•—

( r—1
<—

'
•—< r-

1O -^
I IOOOCOOOOC UJUJ
mm

UJU.IUUUJU.IUJLUUJUJ p-r^
omv^r^ooinvrcM O^o

inm<\ir-(M-^om.<f(M m.fo
vOOvTcMinmcC'vC-o oo
CMr\j(M^-,-H>J-C£'<.'(M •^>4"
—'—!•—'—lOfocMvO'-^ f^r^
rv'(M)<NJrMfM-jr-vrO oo
.—I -J —< ,- -J ,-oo (^ • •

-^-<.-t,~i—^^-^CC-^ CO
ooooooooo

I

It II

oooooooco —

—

in in
UJ li) UL' UJ UJ a.' UJ u_' UJ
sr>^m—<ccr-cx^'— fvj

^^-^L^lnco>^'r)vOmrv
inv^Oinin. "^On-o —.»-.

rom CMo O >- (Nj 00 Pvj ujuj
oooo^-N.—icM-^ STs:
cocox"~-^-^OfM^-o —o—
f^mmromrorTio'Mj ^— t—

ooooooooo
I

-(-.-^^-j-i ---.-. oocoooooooo I

LbUJ
r-o
(NJ»*

co
Oro
CM in
ino

n U_' UJ U_ LU UJ U) UJ U_' UJ
I— o:r^>^o—'Or-vrcM
h- mcccoooo— r^ro(N,

<rroLnr>-mo-^oo^
I— v-'^cino^^—'>rm.(Nj< m. fomr^^cccr^ro—

I

mmmrom-^sC--o
^- ^>^<->i"">rv^mf—icv
~> —I _l ,—1 _, ,_( .—1 —J ,_! _|

m
o

I

UJ
m
p>-

o
m
o
>5'

r«-

O

in

— ooooooooo oo

ooooooooo
i I I I I ! I I I

U-' U_' U_' U-' U_' LJ UJ U.I U.I

CCvOvOOC'vO^OnCOO
Oir-^^j—— —'-^— in
^-inmminminmp^
in—i-^^'^^—H—

m

vCmmm,mmmro<o
>i-ooooooo<"
—(r\.'CM'CMf\:CMCMCM<-<

sroococoacC'coco>?-

ooooooooo

--'OOOOOC---^ccoooooco
I t I I I I I

I I

UJU-LJUJUJUJUJUJ'>-^
vO—'OvCr**. sCLPmO

in r^ o vc oc -^oo cc—

'

sCOinf^-Hf^Occ*^
OinincM—

I—CO—

<

cMCOOc^mmom
ininm'-'^^«^<r»rO
CM' CM (NJ CM fV CM -- v^ CM
vOf—'•—<l—<l—ll—I—4>OCC?

ooooooooo

'-'CCOOCOO-^oocooccoo
I I I I I I I I I

UJ UJ UJ U_' U_' UJ UJ UJ UJ
—'ccmvMnoccvOvO

vi-—'—<NrcofMinm(Mj-^
v^O!n(N,'mN-ocotn
incvj—ir\.'r^r-00-j
v:;inin>^coovO">i"m
:^ooo<-C)v0m>i-O

ooooooooo

ooooooooocoococcoo
I I I I I I I I I

U: U_' U.' U_' UJ U-' UJ U-' U-'

L'*.m r<^, CM CMX—mo
mr^vCct^'-T.vrr^o—

•

^^^c«^vrcM<•^nom
cMi>*-cMc:r^oocr—

<

CM <- vT CM m. C' o CMm
CMv*-<->^r^OU"\mc
OCOOCCCCCMfN!
•—I CM CM CM !M' CM '-^ •—' CO

OOOOOOOOO

mro
oo

mm
oo^mm
oo
p^r~
vOnO
• •

oo

II II

in in

UJUJ

--in
CO

I

UJUJ
p*-o
CMvT
<" <
CO
r->j-

Om
rM>n
in>r
* •

OC

21

mmmromromcMm ii iiOCCOOOOOO
UJ ^-.•-^ X
H- UJ U- UJ UJ liJ ULi UJ UJ u- 1— t— •—

^ CMO—<--—'mr^ino ox V
1—

•

(MfMf^vCmcCCvCi'^O q:Z) h-
II CM—

I
—

. o o o r- ino o_i <
Q ~500—<fMOO—T-O u-u. >J^ occcomcococm.o <^^«
UJ CM'fM'fMtMJOCOO—lO >
1— NT-^vrvrmcMor^-L'N UJ h-
U_ CM CM' (M' CM CM' CM'— r»- CM ox _

• «••••••# cr:3 1/1

o COOOOOOOO O-l 23
•—

t

1
U-U, UJ

H. o
dU _I_J
Z cMm«^invOr«-cc<7>o << Xo ,—1 t->- -^l

< OO _J
z »-»- u.

ooooooooo
UJUJUJUJUJUJUJUjU-<
rMvOOir,oov*--fM

(NjOf^^-N-OCfriror^-CM
11 -^o-^r^-CMirvvTmo
-^f\r\j— mr^ccv.'0<M'

»3-s?->J-m»o^-ino-^
»j'vr>j"->j"vrcM'r*-'—'O
>?->3-v?->i'<j-<-m—<CM

z: ooooooooo
I

CMro>j-in'>or'-cooC

II II

Ox UJ

C^I? o
C-J cy:

U.U. oWW u_

LJ —

1

OX <
ciiZi o
o_i *-^

li.UL h-
UJ

-J—l (21:

<<, o
H- 1— UJ

CO X

-JOOCCO—<---<
ccoo c-coco

I t I I I I I I I

UJ UJ U.I UJ U-- UJ UJ UJ UJ
O sT r*- V? fv.' roO ,•«- CC

fMvCO—'iJ^OCCMCOin
II CO nc f^ vn vOo CO r«- r-
-jcrrorMsTmocMroin

>or^r-ocM>?"CM'cOvO
CTromm,-*^— ^(NjN*
—<cococ>r-(M—

<

'-' oooooooco

II 11

ox
C_i

'JJ

ox

U.U.

CMm^iTiNOf^ooOO <<



95

ooocooooo
c-u-u-u-'- •...•_)

OOOO ji

<CCOOCC Jooooc _>

OOOOC
c'- - '

c
l.~ . .- .-

rs.f\.(N,(Vf\,(\.fv.(\.(\;

coooooooo
1 1 1 1 1 1 1 1 1 OO

(\;f\jPvf\;f\.f\.r\.f\.r<-i
1 1cocooocoo LULL)

<NJ L.' LJ U. UJ UJ LU U' UJ UJ cro
O ^r^c:>j-fV<NJ'MCJO r^r-
1 jr\ir, rv;O 0» roo OCc oo
LU O'C'iNir^u^Ocr'^o occo
•^ <Xjr^C»Oa:o>?«ro «^>?
0» C C* L'> c? cr >- f\J foc rr-r^

r- 'Cvr>c^r<;f*^c>r'0 r——* rv.'

o ———«—^cr^'^O'-'^ • • c
00 (<>.-oror^rnf\j«(y«.fVj OO 1

UJ
ococoooco

^•*
1 1

o
• It n r^

C ^'^f*^f<^f'^^'^f'^f^{^,f'^ c
OOOCOOOOO ^^—^ oc

OO «i-

u, U-'u UJ '^' UJ a- u.' u.' «—'—

'

"^

II CTf^r^—••^-CCI^O —

^

»^vrr'"r*-^—•—•'^-c^o •

»« r^OOsoC—<f\;C*0 •^•^ o
o «C fV "^ >- 03 (V nO—O LL'UJ
.w r>rooo<---c^-'0 SST

^ ^ C^ CO ^ **^ '^ ^o •— >«
^•^>?"sr>?"(^C'>?"l.'> I— »— II

~ — —.-<-^-^-<— ^rsj

UJ ooooooooo o
3: 1

•^
— -^m
_ rO '^ r^ ro ro ro ^o ^^ r^ OOocooooooc 1 .

«—

t— UJUJ UJ
< UJ u.' UJ u; u-.' UJ UJ u- UJ OfM Zl

r<^.r^'-cc«\)a:c»—

o

0*^. •-»

— m<;^f\>rCMMc;f\.o r->r h-
~>

(\i sOC --C r^ in(\0 r>-ro
m. C^C-C-OClTC^'^O CO— »—

•— r-. -X' >- cc >-c -o —c r^a <
w m f*". Os. O vT r^ (N f\io l-nC
— CCCOC^r^r^r^vT* ^r•J^ —

•

- fvTs.(Vif\.—— ^-fvrsj • •

CO
-)

> COOOOOOOO ~
—

1
^^

to. >rf

*/5 r"r^f<^f'>r<^mrorsjrA II II £
z ooooooooc
UJ ^i.—

>

X
^- UJ U,' UJ LJu • LJ U.' U." UJ k— >— —
z r». u"^ u*^ r^O—"CiP C- u:x Of
»« rVr^^-.Oc-'^COO a:: —

M >^ >r fv.O •^ '*- >C '-'>O C_J <
c ">ocr<: cc^c^cc>^o t^u. ^
_J — Cr roc CO C" ^ sT c ^^—,
^»- c crccv: crxcf^c >
»— ^—— C5:>rc- \r UJ ^
u. Mrvjrgfsifv— --fvrg ux fc^

• •••••••• CC3 «/>

«_* OOOOOOOOO O-J Z
^-

1 U.LU LU

H- o
Ul -<-J
z rvr^^in^r-ccCTo << X
o vM »->K- 13
< cc -J

ooooooooo
UJ UJ U. LL U.' U.' U-' UL" UJ
fv. r> J (\i rv. rsj fs. f\. rv. (V

rs. r\, fN, Cs! f\. f\, rvi r\.' rg

OOOOC cooo
I I I I I I I I I rvjcsiOO00000000-- I IOOOOOOOOO UJLU

UJ UJUJ UJUJ LL'UJ LULU C^CT>
rcir>r«-ir.ooir*inf\i r^r^

iriccrvinvO-cf^Ocorg oo
•-rr)oC*m<NJr~Lr\a* coco
nC^ >r O" o 0^ vC o* f\. >r<-
ct cr- vc C f^ •-;> p^ c —

<

^r^
—^ -^—'c "^ f*- o f^^ c^ --—

<

!N.'rj(v,'r\;--C^<\jC^f\.' • •

c*c c* o* c^ 00 cr p<^— OO
• ••••••••
Ooooooooo

I

It II

coooooooo — -»

oc
U. -J 'J.- !!. U.' LL'U' U.'

cr v' r :^ vCOO V*- f^ rsj

> '-V. — -^ j-\ -- CO •/> f\"\j
CO o rv ^ —

'^ «C fv ^ <*»»»

O T* iTN LPi vT tO CMO f\J LL''_U

>c -"^ -T' "^o (M <n; rvj -^

OOCO'T f*-c^oo —

^

-^-^-«", r'>f\;(\l—'fNJCNJ ——

ooooooooo
I

—— -<-.— --—O— OOooocooooo I

LULU
LUU-U'LUUJUJUJUiLL OPv;

CO <- <• ccO CTiT* »* cr f^ro

c^c•>^-^'Vv^^o>o—^ ^-ao
C'C^c^c-ccvrir>-vOC" l'^>c
r*". r'^ r^ ro f«*, ro f\.' c* (Vl ^ j^
<—

• »-——I —« .—1 »j CO <—

1

• •

OOcoooooooo
I

———— -'-.—C— II II

ooooooooo
UJJJLDUJLULUUJLJUJ »— >—

C'rr->*c^>*— ccrs.' OX
rcC"C>?-coo>c>CJ^.r\. ^Z3
II »r c^ococfN-—'v'c* o_/
•^COv'l -^C^ ,r — 'T3V/><N.' U.U.

——<— —'Of^cr—

c

——————^cr— ox
Qt:3coooooooo O—

<

I U.LL

«>4f«^^i/>^^ecc*o <<
CO

o
I

—i—i c~

o

srir "^

LU

LU
o
a:
O

o

oocooocoo
I I I I I I I I t

UJUUJU.UU.LLU.UJ
C0o<0>O^vC<CnCC0

«^r^r". f*^-^ "vO

>r(rcccoccaa.c:>j-

ooooooooo
rvjfv;

oo^——-.———^ I 1Coooooooo UJUJ
I I ( t I t I I I "J'.J-

UjUjU.U.'UJU.U.-LUUJ CC
r<^>roc:r>.rwf>*co«c r^h-

^/^^-0^-m— 0'./>C>—< COoc >C— (NlCC— PvJlT. CCQD
r^K >r— oc—i»r—

—

>r^
>C <Ni C f\.— >r >?»?• ro r>^r^
f\j iT. >? r* L"^ -- C" »^ C ——

<

(%' »^ V*- »^ f^ C < IT IN' • •

>?-CCCO0CCC0C^— OC CC
ooooooooo

II II

—coooco—

—

000000000 **—
I I r I I I I I I CO
UJLDLL'LL'L' 'U.U.U_UJ —

—

L'>sr<N.'r>*cor>— vco
»j-o-'^—o^=-— >---

(Vjfvj'O—«Or^.-'^(^^r> «••*
(N; O '*^ f*^ 'X; cr? sT O—' UJ UJ
nT >C vJ^O -^C iTi rO -^ V.ZZ
^j '^ r*\ ^ N» a-^ ^^^ ^ ^M «^

co-------— oco

ooooooooo

—<COOOOO--— COcoooooooo I

1 I I t t I I I I u:uj
U'U.'U.'U.L^'U.Uil^LU 0(M
o>rr*.<-fvj>o»o»c c>>c

cCf\,^OC'OCr^L'% r-f^v
>^ (^ r<^O 'C r" CC o »- CO^j
CO-^r*" vC-*"^ 'i>-'^ P^CC
P-rr,rO(\,C<V;CC^C^ \r <:
>c c c^ c- 'T" cr o CMM <ir»
cr———--—— f»- CO • •

CCOOOOCQCC'O

II IIOOOOOOOOO
I •' I I I I I I

—'

—

L. . U'U.U-U* -»—
-f\j>C>?-cr ^-.x

II — «c—— o>r>cco*»- o_j
"^— OOC^-'^^.•J^— •-f^ u.-^

or>CiJ^— CCT" vTfN;^
c cr cr c ^~ f*^ rv.— —' u-
^? c^ c* c^ c cr cr> <•< u:x

— OCOOCOOOO c_<

o
CC



96

ooooooooo

X

UJ
I—

UJ

LU

O
<

UJUL'oo
»ooo
ooooCO
oo
f\Jf\J

UJLUUL.'UJoocooooo
ocoooooooooo
oooo
LP LO in LT^

U-i U-' LDoooooo
oooooocoo
ooo
(XfVJfNJ

ooooooooo
LU UJ UJ LD UJ UJ LU LL' UJ
<\j(\i(\j(M(Ni(\;r\,rvcM

»Of\jf\ir\i(\fr\jc\j(NJfVtNi

<\jr\j<N.'fMf\i<Njr\.r\;fNj
I—if—(»—J t-^ ip-j «—( l-H f—1^
f\j(Njr\i(\.'(N;r\;(N.f\jf\j

' ooooooooo
1 1 1 1 1 1 1 1 1

<\J(\J(Nlf\J«N.'f\JCNrofO

<M(NJOO
1 1

ooooooooo
1 1 1 1 1 1 1 1 1

oooooooo-^
f\J(\J

oo
1 1ooooooooo LULU ooooooooo

1 1

LUUJ

<NJ UJLLiLJUJUJUJLJUJUJ ccoc UJ LL.1 UJ LU LU UJ U-' UJ LU ccoo
O (Xocor^rosocoN^o f.Ln (Ml*-—'sr<\.irOOO<M in in

1 IT* »i- nc --^ vr '^ cc 'J^.oo ^~tr-4 lr^(^,'r^o^-Oo-l^c^oo(^: f-4^^

LLI or~coLr\'-<oa>-^o sOvO foom'-^r^in—'^c^ oo
h- mrf">x^-^ccO'-*o a-c7> ccoO(xr^r^r<~.o^<N; crcr
co r<~.oO LO LT. CO inoO <:<: rf^r-KXx)- ^r^GO'-* vOO
LA fv (NJ <-o cr r~ f<-io c>o rofM OO O OCO^C cr fv —1 C" <\JfV
•—1 r—1»-1-^,—ir<^r~»-c7^inm • • o —

'
—

'COO <?• —' rvi f\! • •

o ^—(—1^—<-^(\JvO(\J CO 1 sC»c«c^tnLnNi-(\j—

'

oo
o LU • ••••••••
vO ooooooooo

CO
in

OOOOOOOC O
•

1 1 1 1 1 1 1 1 1

II II II II

o (\J(\J<NJ<NjrvJf\|(\.'(NJ'*^ •—1 ^-—<—<—'—.—400-^
ooooooooo _.-. vC OOOOOOOOO «««>.

oo a> 1 oo
UJ LU UJ U_l UJ LL' LU LL' LU f\J(\) vC LUU-'LLILUU

' Li.' UJ LL' LU' fV.'(\J

II OfvO inmvcooo (\j Oinin—^(V—->^<MNJ
st in r<-, •n in> >- ro OoO • ^J^-ccJ^mu'^'-^c^c^(^J

_ r-cc^rvvj-roc^oo _—

'

o C0vCP>-O—'rOCT'vOC^ w.«^
o oor^^-!^ocnr«-.o LU'JJ --vC>J--^<?"OroOf\J UU'JJ

(NJ rvinOLninrsjr-.coo SI^ '-^ooonjLA—^coLn—

<

^ ?"

covCcor^f\0(MOO fc-rf*—

4

coxr^r^Ln—iin—lO •—ll_<

vnvO'J^roooinv^C^in f-1- II
^^^-4—I^C?—IfNJ ^-t—

*- o^c^c^c^co^-s^c^J{^J
^^

—l-H^-J-^^Ov*--^

ooooooooo
I I

mrorOrOf^rOfNJrvjroooooooooo
LULULUU.'LULUa'Li."LU
f~-C^f^rO-^^-ino^O

fninr^>?T^^Cro< ^o
C' C7> >^ -H vr (N,' r^ voo
r^f^c^'—^co<r^o
.— —-o^vnr^oOf^o
LTim -r <- f^'^ f^i ^- in
,—I—.—I—4'-^—ir*-.-<(Nj

ooooooooo

—-in
oo

I

UJLU

vOsOa—

I

f^O
(^vO
vOfSJ

(^•^^
• •

oo

o
(NJ

LU

ooooooooo
I

-4——I—l-<^r-.0—

'

Coooooooooo I

LL'LU

UJU-'LUllU-LULUU-'LU vTO
^^>c-inr*-c:inin>3-<N; vOrri

r<^Ov';— 0>t rO'-r-(Ni OvC
CO or*-ro in ca"(x;o cr-^
oo<NJcc—'i^^-o<N.' r*-c
00>-(7>-^>J-vO(r'—' fOvO
—'^O O* (X f<^O< O^ *CfNI
r^, f^. ro (NJ f\i (Nj •—I vT (N' r<". <•
—1--1.—•—J—^—J—JLT.*-^ • •

OO^ OOOOOOOOO

t^ ro ro r^ ro f<^ f\j (\jm ii iiOOOOOOOOO
UJ UJ UJ LU LU LU LU' UJ UJ
or~0(N.i'-JOOco

(M-o«^r^osro<Nj^oo
II oc<rro«d-vr >/^—'ino
-3(NjO'-^-(^--0-ro
coNrr*(N)Coo—^r-o
co(2;^C(Nj^c>r-c^o
»o>c<'vCin(Nj'-'<-i^
f-^r-l.—Ii—If—li—(OCi—'(N)

ooooooooo
I I

ox
(3c:z3

O-J
U-U.

CO

X

<Njrc<-LnvCf^oo<^0 <<
CO

OO

UJ
o
X
ID

•—<•—1»—'—Hi—(—<-^Oi—

I

oocoooooo
LUUJUJUUU_iU-LULULU
C>0<3?r0—(TX^—J(NJ

rMfOvC>J---CO«^irirvi
II •C'*^—' cr^ vC >?• o CO

o

-^ vC :^c »-- '!'> «i- >r m rsj

-^OccoOr^>?-ro-^
st>?Tnr<*— vCrO(r>, :?*

(^(^(^rOrO(NJ—<f^<NJ— ^-j-^-j-j.-4in—

<

OOOOOOOOO

rs;rri>i-m»Of^ooOO

II II

OX

o
CM

LU

ri;3 o
C_l q:
U.U_ c
^^'*— LL

lU _lOX <CO O
O-J _
U.LU 1—

LJ
_J_J oc<< o
t— — UJoo X

ooooooooo
1 1 1 1 f 1 t 1 1

LU LU LU Li-i LU LU LL' LU UJ
CC vCO vC xO vC vC vC CC

»oin—'—<—<—i—<—^—<in
r-ininmininininr*-
ir\—4^^-j-j^^ir,
NC(^(^(^f*~>(^rorO>0
»i-c^(7"C^a"Ooo^>?
t—

1 (M (M (M (NJ <M (NJ (Ni—

'

>rrocGcccccccccc»i-

ooooooooo
fM(NJ

CO
^^^^^^^f^.^

1 1ooooooooo
1 1 1 1 1 1 1 1 1

UJUJ

LL LU UJ UJ LU L_' UJ UJ LU oco
oo^(^r~-(N,'j^cr>c inLT.

\ri--\riC\j<i-ccC:r^-^^ —H-^
Osi-<:<:sOvrror-ir. vCO
Ovococ^invcr^r*-^ oo
fO(MOr^OL''.COCC(^ vC "C
ino or r^. r>- cr cc ex; c> (M<Ni

orr^-vC'vO^OvOcrfM • •

--"frrof'<"(^(N;^>^cc OO
ooooooooo

(M
o

1
•—lOOOOO-^—'-^

II II

LU ooooooooo •-..-«

h- 1 1 1 1 1 1 1 1 1 oo
CD LL- U. ' LU LL' LU U_ 'JJ UJ LU (M'fV'

in OC^r-ro<*-—T^tno
•—

1

>t—'OOir.-v*-.-cO(S5'-j
vO CD '-' r-— r<^ 7^ CO (M tn «^^«
o -HOvi-.*>--C>-J>J-C7*-^ UJUJ
o c^o-j>or^i^'^<"<^ ^clZZ
(Ml (V^COCOvCxiCNjOSO k-Mk^

• a^rOromrof\iOvO(NJ k-r—
o >0'-J-^>-H-^—<o-^co

OOOOOOCOO
—Jin

—.oooooo-H-^ ooOOOOOOOOO 1

I I I I I
I

I I I UUUJ
LU LL U.' LL' U- 'X LJ U.' LL >?"O
Osi-fN'r^ccrOLnrOvC »or<^

ro N^ <- nT "^ C~ fV CC -H^ «CnO
Lnij^rnroco<-»—Oin 0<-^
oOO*^^<rL'^N^«—' ^-O< 1^ O C (N.' <. cc f\ ro r^-o
<-0 0cirri-^^:r\0 >0(M
u^ r^ <<O «dn (N o fv fO »r
CC —-—<.— ,-4— —- fNj cc • •

COOOOOOC'COO

^^^-4^^^_^ I, „

ooooooooo
I I I I I I I I i

LU 'JJ U I UJ LU U.I LU 'J_' LU — »—
c^o^->rLn.oco^-cc ox

<N;o--r~00or^inin a:z>
II or^v*(MOOcC'Or'— C—

i

~?r<^0— '"^n^<N.'(^Ol'N lL'J.
vOroivrOvOOC"^0 *-—
r>-<-co>rf^cr^>r
v^ooccino>?0-^ LL
<-c: crcrocr-vC— <• ox
• •••••••* clI2

•— ooooooooo C—

I

(M(*^>J•ln,0^-C0CT'O <<
CO



97

O
I

OOOOOOOOO
LJ UL' LL' U.- UJ U.- LJ UJ UJCOOCOOOOOocooccoooo
ocooc.ooocc
o '- ^ •

-- - ^
C CO
vr _ s\s^
(V; (N. fN. fx r^ r^ fv. cv f\j

• ••••••••
OOOOOOOOO

I I I I I I I I I

rvj fM rsj fv (\: f\j (\i f\j roocococooo
LJ U-' LU LU II.' UJ UJ L- LU

ir\fMTO (\ O r^ CO f*-

C

^r^-CC^Or^OmO
cc—ou^rN^crco
ct.^Olp-'^CO'^O
o—^roc^-c^oo
c^c>c*o— vf^^^'^.•u^

ccoococoo
I t I I I i I I I

c\j fv rsi fsj <\/ fvj— (M roOOOOOOOOO
Uj UJ U.' U. U-' LL' U.- UJ U.'

iAr^'^ir*ccoCL'^0

C0roc^o-*C^OO
j> O J^m -'^O— f^ O
OOOOOl-nC^vOO
•-•^ rs.'— ^«- cc rs.c c^ O

OOOOOOOOO
I I I

(N; <V fV P^ fVj f\j f\i f\j r^ocoocoooc
UJ U. U. LL.' 'J^ L^ U. 11. L.'

<N.{\.r»-f\.c>s^coo
m 'J". < =c cc c ^ r\. rrc
r^o>rc'"f^f^>ooo
<\; c I-'", c i-"* k-"^ i-'^ t/^O
t.^r'>>r-fN.>->r<;'*^0
<-c^or^c>:-— cro
cc r«- ^c— fv. >r cc L*^. lTi

cccc cc cc."*-ir\— iT.fNj

occooocoo
I I

OOOOOOOOO OOOOOOOOO
UJ LL' U: U.' UJ U.' U.' U.' U."

1 1 1 1 1 1 1 1 1

UJ U. UJ U.' U. UJ UJ UL' UJ
fN-r\,(X(Njf\.fv.<N;(\,f\j co>o>cc<:c>o«ccc

^fM(Njf\,<\,f\J(N.rs.<\;<\( <Oto——<—'—'— ——inccccccccc ^~j^inj>i/MAv/>mr*»
<N.'<\.'f^r\.fV.(%(Nf\;(Nj

<0 '"^f f' f^. f^. f^ r^O«rccccccc^ccccccccc
<Vi rvj tv. fv rvi (\j fv.' fvi <Nj

<CC0CC0CCCCCDCO>J-
• ••••••••

occooooco OOOOOOOOO
rvfvj 1 1 1 1 1 t 1 1 1 fM«M fVjrvj

oo
1 1

——-'—-<--co—
oo

1 1
(^rTirOf^ro^j-fv—*"-

OO
1 1

UJUJ oococcooo L-'UJ OOOOOOOOO LL'UJ

O'O^ . 1 1 1 1 1 1 1 cc 1 1 1 1 1 1 1 1 1 CC
o^ LJ Lj U: U.' U. UL U. LJ UJ OvC UJ U.' U. UJ U. UJ LL U.' UJ 0<i
r-t^^ N?>r-krf^mroooinf\; ofv«riA^f>-ccr»o ^•m*
t*>rf, ir>oor^s?-cr — c^--fM r^,rr\ »rv(\!fv.>j-rv,'r^Lnrvj>j'— rrr*.

r\ir>i '^o-<>^fv>r->Cinc (M(M ir.rsirr.oincoiriJVun t\jr\j

CC fv.o— <-a:—(CfSjOsj CC f*^ CO C" -'O f^——

<

CC
(*>fO

• fv.—'"^«C>^Cfvos;»^ r^ro r-C"«^r\jv;r'^cc f^-ro core
IT IT ro r^mr*-->Cf\,'Lrif\,c- iriT ^«m•ndA^-acl/^c^ IT IT.

• • o rrr^rvvCcrcor^fVJ • • OO^U^K\r*<lC— rvjCvJ • •

oo 1

UJ • ••••••••
cocooocoo

1 1 t 1

OO

rvj

.rCC0>C<NjC<TOC0
• ••••••••
OOOOOOOOO

OO

II II cocoooco— II II O
1 — 1 — fVj— II II

-^^^ fVJ OOOOOOOOO i~«>. UJ occc OOOOO ««—

>

oo c
1 oo c 1 t 1 1 1 1 1 1 1 OO

'^-vT- rri LULL.'a.'LL' LLlL U.' Ll..'JL >?->r o U-'U-'U-'LL-U. U.U- IJL. ^f^y
LH -- IT cr ro Cvj r^O rs.' fv >^ o cTfV'Oir nC -- X vo
• ^Qx^fr\Of^-'(N;C«r'v ro ^m -^T oo r> CO o—

•v^> o u'-\ vC— .r> r<'^ r\j >C' u*' C^ •a«w> (M -->^rs;— Ti-Nir^Cin <M><>.>

UJLJ roo'N'^'^>^--l^lT'^; UJUJ C ^:CCrr\oc::'^r^^ UJLL'

^^ vO—'f*'-'«nvrf^p^—•—

«

V :^ <^ »/>•-< o -^ >r" in.o CO f*^ zry.
^^>^ fM—<.nr\;r\j--a:sCC .^^^ in OX.'^rsiO-J— fvc —^t
»-t- II

o

>- N. >Cir in; rMno 'M

• •#*•••••
OOOOOOOOO

1 1

^—i— •

O >.* c c c 'T »>^ «r >?• c
• ••••••••
OOOOOOOOO

^-—

— .n

OO
LLU.
C^^OX
— CN.

r~c
IT.-
cccc
oo
• •

oo

— ooococooo
U-

I

£ u.lju.u.uju.u:u.lu
^- mp»TOf\jr<-.OOOfvi
— rO.-OfN,— Of^rr.— c^osj

fN-Ckn»^—'0^^-^c

in vn >r pr. o r<^ '-' in c~ ————— c>rc.fv

— OOOOOOOOO
'-'

I I

--•J^ II — v/>

oo —OOOOO— r->— oo
1

—

«

OOOOOOOOO 1

U-U^ e 1 1 1 1 1 i 1 1 t LULL*
CxT >? LJ UJ LL' U.' U- U' U- l-j U. c>r-
Ccc ir.%r«3-inccc;f\i»o oco
— r^^ r'\»cm.mc—Cmc— — fv
r-C — scacr^u^^-0^nf^.^n f^C
in— LLi vC'J^C—CCf^O-^- m.'—
ccco E v^m- COCir.'^-r'-. CCK
Co •— < fv.— a.. »- u". >r f*» c «co
r\j<N; 1— <:r'p'\(N.'f\,COO<NJ C\.f\i

• • «o————r^— CO • •

oo OOOOOOOOO oo

or

UJ
OOOOOOOOO

Z IT- r^r^w." <X)0"^0— r\;.'^o'^>r— in-^co
II «N,'— or —< vT <r c "«^o3 "1^—— u^ 'i' O X J^ C

_J <Vi v^ ,?• rr» r«^— ,j- r«.O
^ r^.rv.c<r—r^COC— coou'>inNr>r^kn
u. ——— (rcc>Cf\jin<N.

O OOOOOOOOO— I I

zo<

a::

o
O

«N;n^ir>or*-xco <<

CO

X
CC

<

UJ
a
X
3

—— —— —_CN.—OOOOOOOOO II II

LL' U,- U J LL' LL' l_' UJ LL' UJ
"^ X C — lT. O— u" ^1

<NJX— 0--<:f^Cr^f\;
II r** iT r" (N! iT. in r»- —< c
"^ rv n nt— L'> vC in <r i'n;

^^-— r«-in'*>Nj'X<"^
C c C"*- >r ."^ r> L*^.C—————ox— fVl

ox
o_j
U.LL O
.—w LL

OOOOOOOOO
L_'X

O-J

f\. f<^ >«• IT c r^ 00co <«i

o

OOOOC OO
I I I I I I I

UJ UJ LL' LL' LL L'. LL
C .'N- J-- —J --rt 'J- .^

'v.^^mxinr^oO-
II >r -r rs.. r- V- O a?
"l>rT^— •C'X.rvrr

«0f\.O-*>Gr'^—
r* »*> O cv- 1^'X

_i in—oxin>-x< f*^ r*. r«- sC vC in r<^

U
— OOOOOOOOO ZZ^-l
t- LLU.

iL'>— II

OO
LDU.' t—
OX o
^J-\ cr.— f». O
>Oin LL
x«o •»•

>rc
m— UJ

• •

o
cr.'

c
cz: — CO



98

o
I

LU

CO
CO
o
00

o

-5

ooooooooo
LL' LU UJ U.' LL' UJ LL' UJ UJocooooooooococoooooooooooooooocooocoooooooooooooooooooo
in u"^ \s\ IT, iTi in L'^ L'^ ir\

(\JfM(Nlf\jf\if\jC\l(\;f\l

• •••••t**
ooooooooo

I I I I I I I I I

f\j (\j CNJ (Nj cn; f\l (Nl rO (^ooooooooo
UJLUUJUUUJUJLULUtU
•—

' CC (Ni vMTi ^^ LO LOO
inOt'^.<"Orv>-co—'O

f\J i-^O —J vC LA o~! roO
C(N.t^CM^>-<VI^O
in f\.' CT" v^ (M (NJ '-'^,oo
f\r^mfv>-ocOLno
COCCcr^C^OvT—<0"^
OvOvCvOI^^-CO—<f\J

ooooooooo
I I I I I

I I I I

ooooooooo
LU UJ UJ LLI UJ LL; l^' UJ UJ
IT, U'^ '7^ in COO -J (^.o

»^o^r~-cor\jr^oOrNjo
ccco^J''-^cv;.—I—ir»-0
OLnooo^>^,-oo
0^co0^occco^:^'-^0
Ol^COTOCOv^OC^O
—'CO—'O^vCO'-Jin
,-j—<0^f^'-^corocof\j

OOOOOOOOO
I I I I

<\J(Nj(Njrvjf\)(Njr\j(Nir'^ OOOOOOOOOOO I

UJLJ
UJUJU-iU-'UJLULtJUJUJ O0<-
vrocovO—'occco fNj—^

fO ro >* r>- c\jo vo (M fsjo —<cc
r<^ r>- >- r^ CO cv vT cco cov^
ir,oooO(\jr^coc (N.'r-

nJ- f\j 02 (\j fvm< rvjo CT'C^
_< sO r^ r»- in <- •-' u~io (n,i fNj

<Nj -^ c> L-^ r~ —1o >i- in (Nj vO
IT. iTi sj- >+ rn f\.' —J r^ r\j • >

OOooooooooo

oo
I I

UJUJ

coco
ccco
oo
CC'CO
• •

oo

II II

oo
vOO

o
I

UJ

CO
CO

o
CO

•-— o
LULU

O

ooooooooo
LU LULU LU U.I UJ LLiUU U."

fNJ C\J (\| fM fS.' f\J (X CN,' (VJ

*Ors:(\,'f\j(\i(\jf\jr\j(\jrvi

CNJC\JCsJ(NJ(N)f\;C\.ifVj<\l

Osf CM r\j rv cs.' rsj fs,' <\j <Nj

OOOOOOOOO
t I I I I I I I I

oooooooo—

*

OOOOOOOOO
I I I I I I I

LULL'LULUULILUUJUJUJ
or>~-co^-r^c:,>i->;-r\j

ir>—'CCN^Or<-iONrorv;
in ro -^ ro r»- f\j—I f<-,o
*^ CO— C3 ro in fv' r-^, (Nj

c>o v^ >^ r^ L'". cr ir^o

• ••••••<•
OOOOOOOOO

I I I i I I I I I

OCOCOOOC^OOOOOOOOO
I I

U_' UJ LU LU LL' LU LU' UJ UJ
^jLnincrrvJOc\i(N.'fv

>^m.o-^'X>r^<rvOLn(\i
ro —(r^ -JOOO f\.'

o

O^^ O <\,'O ro >- c\j

'-^OOCOocOrNjcO-^
«*--H^tn, vO<-r^co'7^

r^r*-f«-f^f*-Oro<-'-^

ooooooooo

^^„H_<00000'-<— ooooooooo
LU I

:r LULULULUIUU:U-LLLU
•-' ccroCNjor^—'in.--(N;
I— m ro o^ r- r\j <- o^ C- O f\J

•vrr<^.irif^r~iiri(Njp>-o

H- o vr<-(^coor^(NJ
.5 >-<cr—<ccr*-(Mcc'r^—

'

CVJ"—i-^OvOvJCNjOOvJO— ooocMnNOCML'^ifv

— ooooooooo

00
I I

LUUU

CCCO
coco
00
cccc
• •

00

rvj

II II

1

«-..-. VJ
00 r-
oo *»^

r^
>^

'•^-^ CO

LULU CO

:?:."?:

•——

1

CO

r-O
00

I

UJLU

Q0<-

00
<NJsO
• •

00

LU

OOOOOOOOO
I I I I I I I I I

LL' LU LJ LL' LU LJ LL' LU LL'

CCnCsCvCv-O^CvOvCCC
•Oin^-j-^—<^—i^in

r*. L'Mn iTi in in in in r^
in— —•—<—!»-•—i^in
vO rf>m r^ r~i r^. r<>, (^o
—JC\;f\:f^.<^jr\)f\;(^J--

<cocococccoccc&^i

000000000

000CO0000
I I I I I I I I I

UJ LU LL UJ LU LL' LL' UJ LU
v^ r*- <Nj'o nsi on r^O vO

in.r^oocccocoror-^—
—irocor'^.r'-ccrvjfv.Ln
coinc-^—'c<^. ir>0'^
f»-v^m.— o^r^fMf^
^ n i^ rvo cc cr (^o
ro f>~ c in cT'— (T' vC (NJ

msC'vOr^co—'—'-^x

ooooooooo

OOOOOOoOO

^00—i-.-^-^—I-IOOOOOOOOO
I I I I I I I I I

UJLL LULLU.iLLU.Ll.LU
i^cvfvo—cor^o

roovrrr,<t-c:. rvo<-—

«

r^i^vTOO''^—<<-in
fM— vC(\.Lnr^>G— .-4

N^< r^ lt . cc v^ fo IT,m
CT' M—O (VO ro r<^. CT
--OC COOl^ COf\j(NJ

IT. '-- •—
' C" C^ r^ m "-I CO

ooooooooo

fsjnj

00
I I

LULU
r-f-

COCO
COCO
CO
coco
• •

00

II II

ooooooooo — ->

I I I I I ! .1 I 1 00
LJLJLL'UJLL'U-'U-LLLJ O O

>4. _j or --o Ln -j^ r<^ 'J* -H

in rvj vT "^ rv' r^ O tv Ln «— ,».

rO-wCC<-(N.i>:-NC!\J'^ ^LU
vC CO >^ >^ (^ X ^^ N^ ro ZH^
ror^—<ro vT OC 1> «—»—
.—'(^J— corvo>i-Ofv t— *—

roOvC -n in vT— f\;co

00

COn*

C C^

• t

CO

I/O r\.' f\j (\j fs) cv: rvj^ (n;m II II CC

2 OOOOOOOOO
LU .•^.•^ X
t— UJLLIUJLU'-ULUUJUJLU 1— 1— fc-H

:^ ^'-'OfNCOunr^. vtO ox Cr'

•—1 fMf\ioor^(\jcof\j(Njo crrD t—
II —J r: <N, —' vr; O-J -a-

—J cr —< r— -Nj vT' CM r^ LLLL •f^

-J L'^ in rJ r- vC r^. •-< «— ^<
LU Os3-r^sOr<->(^,C^OO >
K— Ln^*•(^J^-c;o'^if^.Ln LU 1—
LL vONC^in<rr<^s:-h-fV' OX

ccz> LO

OOOOOOOOO—

I

1 1 1
U-LL LU

1-
UJ _J_J
2: <Mr<-,>j-ir.>or~cco^o << X

^-4 h-H- z>
< 00 _J

s: »—

K

LL

-^ ,_( ,.^ ^J ,_(QQO ,^ II IIOOOOOOOOO
LU LULU LULU LULU LULU I— >—

<: ^'<^Lninc>r-r*~(\j ox
(\jrvroinC"fVf*-OOfNJ cf:3
II o in f<^. CO vO r\.'—<— o O _j
'70C'm>rOina^v^f\j llll

inf\jv*Lninpor>w(\j—J .^«^
f^r~>c<"0>j-'rinoocooo— r^fN,f\i LU
—<!-<.—.—'--c^ vOr^^j Ox

OlI5ooooooooo C—

I

I I U.U.

rsjrri>3-irsC(^oco^O <<
— t— »-

CO

4f\:,

UJ
o
a:
C

o

o
LU
X

C C'OOOOCOO
I I I I I I I I I

Cj UJ L_' LL' L^ I L_' LU LL' LU
—<^»•o^^co''*^^-c^co

'v;o>r-^-ooo»:^vCin
II cvjorocrairoccinr*-
"JoC'J^—iP^O—O—"^
rOf\[>r-0>^X>-—o
r»-(N.'<^r^f\-u"Nino>T
xf^o>?-o — f\.fVJ—
cs. in ijMn m N^ f\ 'n >r-

—
' ooooooooo

II II

ox
0_J

ox
ex. ^
0—

'

f\j rn <•m vO r»-X (7*o <;<



99

coccooooo
I I I I I I t I I

UJ u. U.' L-' UJ U,' U.' U-' UJ

— (^;f^.(^.fWfv<^.•—
<»cccoc:cooooo,«•

COOOCOCOo

^sJ•

c
I

UJ

(*>

»?•

CO
^•
o

oocoooooo
I I I I I I I I I

UU U.' L_ UJ UJ LL U.' Ul UJ

%r cc c f^. "^ >- fv— <^

oooccccoo

^-—— —— —'fx—.—

<

ccocooooo
I I I I I I I I I oo

u. V ^••w'_ U-' cnco

«^ —< u~ O vT '-' r**.^ vr> <»••»

C"Nj:>r^c;— ceo— uiuj

COOOOOOOO

C
c

o
a:
o
u.

<

C

oocoooooo
I I I I ! I I I t

U-' U. U_ U.' UJ U^ L-' L.' UJ
r- r^ r^ fv I," "^ CO r^ »C

(*^0^(^>CC*rsi>-Cr.-«

<; LT rv. ir>c c: »C rv—

<

•— ^irv>ri/^"C"r^.cm
u"L'^.'^c.c:iro>rC'
COcr,<-<:Occ<-f\J
<- cc r^ >- o -'^— fv. cs

ooooooooo

OOCOOC'OOO
I I I I I I I I I

Lj UJ u^ UJ u. u.' u. U.' UJ
r-Of^-^c>fv.c—'C3

fVJ r^ f\, >- f*"— 'J" >• in if>

II »o»r>or^cc»r>oc*r^
"JO^" ~" 'V. L'*O—^ iTv

rr - • - - _, ^ -^ ,j

COOOOOOOO

(\.r^vrir>»cr-cDCro

oo
I 1

1 1

UJUJ
<\J(\'
rOfO
«O>0
*r*r
coco
r*f^
oc
^'^^ ^-)

• • ooo 1

UJ
CNJ

ro
11 II sD

CO

ooooooooo
Ujl: • —'UJ

oc'C>C"C*r"Cco
rv <N. (% fv. (\; f\i fv. (N. rvj

ooooooooo
t I I I I I I I I

—

—

c cOCOOOOOO—
I I000000000 UJUJ

I I t I I I fvjrsj

ujuju. u-ujuju-ujuj ror<>
C*CrOr^U'^C^C0f\;fM >C ^C

iT.f^—— Oinc^fMCfM >rNr
iTki—c^r^— CNr>ca^ cccc
f*". >i-— (Nj >; C r^ C fv r»- r-
ooiNicrococcC'-^ CO
CC^r'^O^^Or^r'. C^ -^—

-

(\! t>w' r^ >Mr.o o >r- fN. • •

»^ >r >r^ vT >? IT f^— OO
• ••••••••
COOOOOCCO

1 I I I I I I I I

II IICOCOCOOO'-OOOCOOOOO -.-.
I I CO

UJUJUJU-'U'U.'U-U.'UJ COOC
r^ >- f^O >^ >C u^ a- fV'

>j- c^ ^. J^ c =^o o rv >:
o r«- fv—• cc (7* r«- X o «»w
Lnxcc»^-^C^r*-r^fM UJUJ
oo cc vC >- C>O >r- -^ iZS

O OOOOOOOOO
CO t 1

-•o — sCoo OOOOOOOO— OO
1

>*» COOOOOOOO 1

UJUJ UJ 1 1 UJUJ
ceo Z?i U. U^ UJ UL UJ UJ UJ U. U.' crc
in-- •-* rv->rxof*'fVfMocr\j L'N--
ar- }— f*^. cr fv— —< ."^ >rc cc (\.' CTf"-
f^in — cCCOvC'^^'VCr^Cr' r->vr
—-tm-i \— f^r<^f^f\.c:;sO— —'fVJ ^-^
ITO < u~. f^ r>- >r r^ cc 'T fM— irc
c-r rs,c^C->-of^i.'NCC^ c<-
rv,'^ -» CC^CO^C -fvjrfV rvr~
• •

CO
1

o Cc:coc:co>.<>r— • •

- COOOOOCCO
t 1

OO
1

II II C2 OOOOOCOO—OOOOOCCCO II II

—— X 1 1
—>..->.

»— - fc- UJ U_ UJ U.' LJ UJ U.' UJ UJ 1— t—

ox c: ccc^ — o:^vrf^;ln^v, ux
q:3 >— (\jfv.c*f\.— cofMrv^fv; C£.Z^
o_i < II vCvO— 0>J'f\;r^C^C« O-J
U.U. .:. -^ ro soo cc >r c> <; >r «Ni u-u.
•— «i« >?• LP. J". C^ .^—' -J^ r'^ — ^^^^

> <---— rr — ^r-cir-c;*
U.' — >ocn'N.cr>-c:"^(\,' UJox
ctU
C-J 7-

cc^crp»cci^>r<-—

'

ox
OOOOOOOOO oHi

U.U. 'JJ
1 1 U.U.

-J_l —1—

1

<< X fv,r~i^irt<Of»-c&co <<
^^— 3 mt 1— t-

OOOOOOOOO
LL' i:.' U-' •_-' • - UJ
c '.: ": '

. o
C - '_- ^ ' C

O
o
O
O-in

f\ (N. <% rs. r^ rsy <N. f\i (V

ooocooooo
I I I I I I I I I ^"^

oo
f\;f\,'<N;fSf\.rsi(\;r^f«-»

\ \oocoooooo UJu:

-- UJUJUJUJLUU-UJLLa' '^f*^

O C^OO^fOCCC^O >C^C)
»n(N!r^c»o>r>rcr«^o >r-v*
--—•inr^Cf>'^>CCO cccc
ir>- -c;crc f*-r^
— a -^—c cc
OCC — rvmOv— LT. • «

CCCC a ccccxc— (V

I

u:
re

>?
CO
r-
c CCOOCCOCO

I I I I I I I I I

cc

II II

ccocooooo <~-»
CC

U.U.U.LLL-'U.'U.LL'U.' COCO
II f^ c^' f\ r- -" T- '-~ 'TC

>?'-«~r'>'r""^~j^v---0
-» —-cor, ^*f^;>^^^^.0 ^^^
O f^.-'^c^—•ootncoo ouj
CO -~-^'\;Nr<:r>-xo ss

cr •ror^c--'^v*--'C —

«

nC :>o'>.:>-o-Of\j-'\ —-
— CO CO ^^ -- ^< fV. I?* 7* 1^

U- ooooooocc
n I I t I I I I t I

^ (N.'iMiN.'fVjfV.'OfMfVj'^ooooooocc
»-

I

< UJUJU-U.'UJU.UJU.'UJ
in—«r*-c»f>.'O'50(v.c

«-* f.iT.cLfs.or^onco
-5 fvjccx—— cc>r<:o

•• — <^<N(NcrccCsrc-

— <N.N.Cf\x — ^^c•o— CO >• <. fV^ LT. r«- IT v.-^

COOOOOCCO
I I I

—OOO
I

UJUJ
COO

f^.in

u-.c
c>r

• •

CO
I

</»

o

OOOOOOCOO

c r —

-

^ ox
fv. c c -. ^ -

- - o c:: i;
11 u-" iT. r* c <r <; c COc C —J
T*-<'^C'=" v:c^-c u-u.
*?-f^c— ir.vc xxo — >-'

X r\j rv'o -'^-— f^ f>.O
C C" r^ f^' >r rr t\.^ .n UJ
.-«»^r<rrof\.Xfv.'CO'M ox

a:i3OOOCOOOOO C-l
I I I U.U.

oc cc
2: «Mfri^mof^oca»o <
O — 1-1

< c,



100

OOOOOOOOO

O
I

o
r-
o
cc

O
O

>
1—
•-^

CO
2:
LJ
^-

O
-J
UJ

LU

O
<
3:

UJUJUJcoo0000000coo000000
LOLnLO
CNJfVjCNj

UJ U_i UJ000000
000000000
000

UJUJUJ000000000coo000000

OOOOOOOOO
I I I I I I I I I

OOOOOOOOO
UJUJUJ

>J-f\JvC

r*-coo
CO ceo
cococc

UJUJUJ

roiO-^

OC0f<^
O^OrO
ccc>o

UJU.UJ
^-L'^o
<^^;^o
C^r<"iO
^-^oo
inc^o

OOOOOOOOO
I I I I I I I

I I

fM(\Jf\l(\l(\J(\J(M(\.'fACOO000000
UJU J UJ UJ UL' U." UJ U-i UJ
f\,vOir\a?—'fMcocoo

^(NlvOrOO^CO-^—^^-O
mrvOo^t^'-iincoo
.—if\jO^-0^Of\)-^O
'-'O^OO'^'-'C—'O
cooOfVLn<NjrO(Nio

OOOOOOOOO
I I I I I I I I I

OOOOOOOOO
U,' UJ UJ UJ UJ U_' UJ U.' U-'

vOrv.'>?-OC^mr^v^O
rorvjr^vrcor^iTi^r^o

crororf^.iricococ^c
Orvjccir. crOsCfMO
ocr-cr r^i-'^T-Lnc
o^cc^mc^'-'^v^^-c
.-'CC^L'^fN.'<-CroLn
—J -- cc L-^, —J .—I N^ c f\i

OOOOOOOOO
I I I I I

(\l f\j (^j f\j --^ 'H f\; f\.i r<^

OOOOOOOOO
UJUJUJ
--c<^J

(\ja3C>C
II O—'in

00<NJ

LUUJU.'

or-fv
>Occ-^

UJUJUJ
fNJOO
000
rorvjo
C^O^O
vOroC
f*-rOO

focr (Nj

000000
I

000
I I I

CO
I I

UJUJ
oc

00
CCCC

roro

• •

00

II II

00
CO

—(LA

00
I

UJU.'

00

cccr

cc —

00
I

II II

ox
cyr>

U-U.

UJ
ox
0_J

-^ >-i-oc

UJ
o

o
00

^^ o
UJUJ

o
o

CO

X

cc

<

;^
UJ
Q
X
Z)

OOOOOOOOO
UJ U.I L-' UJ UJ UJ U.' U_' UJ
f\,f\jOvjf\jf\ir\,'{v;(Njf\i

>Or\;(\|f\;(xf\i(\.'f\:fVfM

fVfMf\,'CN,r\Jf\.t\.'f\JfM

c^G^c^o^c^c^c^oc^

cooooocoo
I I I I I I I I I

00000000—

<

000000000
UJU-i

r-cc/

in CO CO

ino^
OsO
r-cD

mm
• •

00

UJUJUJ
CTfvO
CT^vCO

iT.Osi-
r0s*0
-if^O

in in IT.

• • •

000
I I t

UJUJUJU.'
I—irOLPitNJ

—'CCOCNJ

ITS rV! LT, f\J

—11 ;^^

m. <? r^^
• • • «

ccoo
I I I I

00c000
I

I I

UJU-'UJ
>i-oo

COC>^
o<^c^

co>iTn
conor-

000oco
I I I

U-U-iUJ
v^r>-in

inrOvi"

r-rvcc
<fOO

—lO—

'

000
I

UJU.IUJ
f (\Jf\J

CNJinrsj

COfMfM
vj- <%.'—•

OfOC"

^0^0—

•

OOCOOOCCO

0000COOO
U_' VJ UJ UJm ir. (V >i-

(NJCNJCOCO

ccsC—'ir.
roOC^fO
C>c^>-in

0000—

'

oocoo
I

U-U.U.'Uii_L.

cor^ootNi
—^^-occ<^<
.— ro CC/o c^
Ocr:ooo<>J
r<^ in x^ >i-

—

'

CM^COOC^
Or>-<^cor\J
vOmcNJin^

— OOOOOOOOO

00
00
UJUJ

(Nino
II r^C>

ccin
roc
vOO
ccor;

000
oco
LJU.'UU
noo>r-
sCO^ CC
fviin—

1

CT^mco

CDCTl^

000—

'

0000
I

UJUJ UJUJ
Ln(\)C^(\;
Cinccrs,

(NIvT 0<N

^-OLno

Of^m—

'

f^,n~.^J•cn^c^.oC'0^0

00
I I

UJUJ
00

00
cocc

POfO

* •

00

II II

OC
oc

UJUJ

—Jin
00

00

coc^

cc»-'

CO
I

11 II

ox
OCZ>
o_i
U-U.

OOOOOOOOO
I I

ox

U.U.

<<
Kl-00

UJ
o
o
o
CO

o
o

UJ
2:

UJ
o
o

<
o

UJ
a:

o
UJ

OOOOOOOOO
I I I I I I I I I

ULi u. a- u. I u.' UJ UJ UJ U.1

COvO»CO»C<:nC^CC
O'n—J—<—!—<—<—<—<m
r^inininirinminr-
in—<—<-H—<-^—J—<Lr.

vC r^ f^ (^1 rt^. f^ rA rt-, vC
<-c^cro"Oo^a^C"v^

xj-cccocccccoccoosi-

OOOOCOOOO

OOOOOOOOO

—J—J—<•—'—jr\jf<^—^—

<

OOOOOOOOO
I I I I I I I I I

UJ UJ UJ UJ U.- UJ U_- LJ UJ
i-<—.'f^ccr^-sCCN—<vC)

^^»:^0—*—iOC>—<m-j
^^f-c.-^Ovf-m-'^in
v^ roi ^^ fv' r^ cr p>~in-^
lnc^o<^<^(^J—'Oro
ccroroOrOvC^-coC*
—Jrn(N.;o.n-^-^':^r\j
I—ifNjCNJ.—*.—i>-v^fOC0

OOOOCOOOO

oco
I I i

UJU_'U
cor<^r\'^mooo
cor^o
OvOm

-wpOO

.~i ,—4 —^ (\i —I ^^000000
I I I i I I

LL.' U- U- L- LJ U.
<; fv.—' in >n >c
^r^-^^.cL'".-H
-- o -- vC vc in
in r^ooo .^
CO <- c^ C"O ro

vO cc o" -- (^ f\J

in^n^vCr^cc

OOOOOOOOO

000
I I I

LULLLU
r^inin

II 0(NiO
->:><—

inp->'j-\

in or CO
oOvCin

00
I I

LUUJ

<ro

—O
^- >^

coco
till
UILL'UJUJ
mo-cco
vrc>inin
coarr>-r^
o f^"' (Njm
CCOOvT
OOin--
fVin-->--

•— OOOOCOOOO

cc
OOOOOOOOO 1 1

UJU.I

1 1 1 1 1 1 1 1 1
00

UJ UJ UJ UJ U_- U^ U. UJ LJ 00
--Ci^C^r^rviOvO r^r»-

in vc (^ nj <^—< m, COm -J co
OsTCMnvOOtNJOin CCCC
m>^xj-r-irofN/0—

4

»; <
vC CO rv' C7" nj cvj >- r". r^.m
cococr^ooco<NJO ^^^^
mr-oocrorooccM •

.-if\;(\;f\Jfnr<-rriOcc cc

II II

oc
oc

UJUJ

--in
00

I

LULU
00

ceomo
cc--
cc—

'

CO
I

II II

ox
0_J

ox
C-J

ro

I/O

<

C

<
o
l/>

ID
O
>
LU
err

Q.

f\jmsj-insO'*-cocrc <<



101

CCfV
oo

1
1

UJUJ
c^c-oo
'** ^^
** V.

oc^
oc^ o
oc> b<r

c>^
OOC3 ^
• • -
oo

1 II

II II II o
or: z
ir.u:c <
r»-i<i

LU

%ou> <oo
1

LU
a.

uju; o 2
oo* 3
«oc^ I/O or
<?— •»
«-ri»0 >-
r~0 ^ <:

vP-> O
^^>- UJ LU— .-*« (/- o
• • _•
oo < <

UJ t/5

c: —
II II II

CL V/1

o •-•

on u. TT

r>-b^ V/1 H-



102

S.3 Discussion of Output Data and Results

For the sample problem considered, a magnetic field in-

tensity of 250 amp-t/m was sufficient to saturate the core.

Assuming uniform flux density, initial values of total force and

flux can be calculated using equations (2-2) and (2-ij.); hence

(2-2) ^ = BA = (1.1^.52) (O.OOij.) (0.008)

= 14.6.11.614. X 10"^ webers

B^A (1.1|52)^(0.001|) (0.008)
(2-I4.) F = = = 26.8I4.3 newtons

2[iQ (2)(l4.7i X 10-7)

Total values computed by summing B(I,J)h and FORCE(I,J) compare

closely with those given above; thus one may conclude computa-

tions of total force and flux specified by subroutines FORCX

and FLUX are valid approximations.

Distribution patterns are indicated by the print-out of

Tapes 9 and 15. Tape 15 Output Data indicates values of field

intensity and flux density for each point in the lattice of

Pig. 12 in a convenient format. (Note physical position of

H(I,J) in Fig. 12 and matrix output.) Examining these values

as time increases, i.e., for TIME(O), TIME(5), TIME(IO), . . .,

TIME(lOO), we note that points near the boundary approach

boundary conditions much more rapidly than those at the center

of the core. Given sufficient time, all points will reach the

same values as that on the outer boundary. Let us think of the

field intensity at each grid point as a vector pointing in t2if>

z direction (see Fig. 7), whose magnitude represents the
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magnitude of field Intensity at that point. If a membrane was

stretched over the tips of the vectors, the surface generated

as time Increases represents the distribution pattern. We may

visualize this distribution pattern by citing the following

example. Suppose a soap bubble has been partially formed by

exerting pressure behind a membrane across a tube of rectangu-

lar cross section. If we release the pressure sustaining the

bubble, the membrane will return to its initial state. The

changing shape of the bubble during the period of time in which

it is decaying to its initial state, is analogous to the shape

of the surface representing the flux decay distribution pat-

terns. We should also note that force depends only on the mag-

nitude of flux density, thus force is always positive. Further-

more, it will return to a value corresponding to H = -250 amp-t/m

wnen all "cransienLs nave decayed.

It is hoped that the solution given for the sample problem

vas useful in illustrating how one might obtain a solution for

oLner equations of znis type. An explicit expression for H

and B was not found; however, the thesis does present details

of how the Modified Euler Method of numerical integration may

be used to establisn a numerical solution wnicn approximates

the actual solution.
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APPENDIX A

Terminology and Formulae

I. Terminology

Most symbols are defined in the context of the thesis.

Definition of variables in the program are listed in section

I4..25 ana in the "comments" section of the program listing.

(Appendix C, Cards MG90000 - MG90106.) Those variables not

defined or frequently used are given in this section for con-

venience. Overbarred symbols indicate vector quantities.

2. V =
V— , — , — ) - Del-operator-^

1. i, j, k - Unit vectors in cartesian co-ordinates

^ 6_ _d

dx dj dz

3. E = (E^, Ey, E^) - Electric field intensity

If. B = (B^, By, B^) - Flux density

5. H = (H^, Hy, H^) - Magnetic field intensity

o. D = i'Dx* ^Y' ^z^ ~ Displacement current density

7. i = ( -X' -^Y' "^z^
" Conduction current density

8. dS = (dS^,dS , dS^) - Differential surface

9. dl = (dl^,dl^,dl,) - Differential lengthA y z

10. 0~ = - Material conductivity

11. M-o
~ ~ Permeability of free space

12. t - Time in seconds

•Parentheses denote vector components, e.g., H = (H^,Ky,K2)

= H^i + H.,J + H^k.
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13. h

Ik- ^i

15. Pi

16. I

17. J

18. B(I,J)

19. H(I,J)

20. Pi(l,J)

21. FORCE (1, J)

22. FLUXT

23. FORCT

- Grid size in sections 3.1 and 3.2

- (dH/dt)^

- (6H/a)t).

- Specifies row of matrix shown by Fig. 12

- Specifies column of matrix shown by-

Fig. 12.

- Flux density at grid point I,

J

- Magnetic field intensity at grid
point I,

J

- dn/dt at grid point I,

J

- Force at each grid point

- Total flux

- Total force.

II. Formulae

1. Curl of H

V X H = d/dx d/bj d/bz

H. H, H,

2. Divergence of H

_ _ ^H^ dE^ dE„
V . H = + ^ +

dx dy dz

3. Gradient of ^

_ hi _ di _ di _
V (0) = i + j + k

dx dy dz
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li.. Other useful relations

a. V • V ^ V'^

b. V X ( V • H) =

c. V . ^ V X H) =

d. V X ;VxH) = (V- K) - V^H

e. A X (B X C) - (A X B) X C

= A(B . C) - (I . B)C
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APPENDIX B

Units and Conversion Factors

Several systems of units used interchangeably ere the MKS,

CGS, and Mixed English. Conversion factors are given below.

MKS CGS

Length meter X 102 = cm X 0.3937

Time second X 1.0 = second X 1.0

Force newton X io3 = dyne x 22i|8.0xlO

Voltage volt X 1.0 = volt X 1.0

Current ampere X 1.0 = ampere X 1.0

Resistance ohm X 1.0 = ohm X 1.0

Capacitance farad X 1.0 = farad X 1.0

Flux weber X 108 = maxwell X 1.0

Flux density weber/m^ X 10^ =: gauss X 6.11-5

MMF amp- turn X .k-Tl = gilbert X l/.kTl

Magnetic
intensity amp-t/m X .00i|TC ^ oersted X 2.02

MIXED ENGLISH

= inch

= second

° = pound

= volt

= ampere

= ohm

= farad

= maxwell

= lines/in

= amp- turn

= amp-t/in

B-H Conversion Factors

B (lines/cm^) Gauss x 6.I4.5O

B (lines/in^) x 0.1^5

H (oersteds) x 2.020

H (amp-t/in) x 0.14.95

B (lines/in^) Maxwells/in^

B (lines/cm^) Gauss

H (amp-t/in)

H (oersteds)
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APPENDIX C

Program Listing with Data Sets

The program is written in FORTRAN IV language for use with

the IBM 7090/70914. IBSYS operating system. Processing is to be

with the IBJOB FORTRAN IV compiler. All cards with a "$" sign

in column 1 are system control cards used for all programs to

be executed and are not unique to this program. All cards with

a "C" in columns are comment cards and are not processed.

The program consists of a main program named EMEX and six

subprograms FLUX, FORCX, FLUX, PPLT, INSE, and LOGI . The sub-

programs PPLT, INSE, and LOGI are provided to obtain graphical

results while FLUD, FORCX, end FLUX are subroutines called by

EJffiX to perform specific calculations. One should also note

that organization of the program is sequenced by numbers in col-

umns 76-80 of the listing. These also aided in locating various

sections within the program in the discussion of section l;..0.

The data input is on tape unit 5 and data output is on tape

units 6, 7, 9, IS, and I6. Definition of symbols used is given

in Appendix A, in the "comments" section of the program listing

and in section I4..2B. If a larger matrix than 35 x 35 is desired,

additional storage is required and the dimension statement must

be ax^-ercG accordingly.
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The purpose of this thesis was to investigate the time

dependence of the magnetic field in a rectangular toroid when

subjected to an applied magnetomotive force.

According to Lenz ' s law, eddy currents generated in the

transient state induce an mmf in opposition to that applied.

This results in a nonuniform time varying distribution of field

intensity and flux within the core during a transition between

states. An equation describing time dependence of this distribu-

tion pattern was derived by applying Maxwell's equations with

the assumption that symmetrical boundary conditions were applied

along the length of the toroid and no leakage could occur. Com-

bining this equation with another which provided an approximation

to the B-H relationship for a given ferromagnetic material,

yielded the Hysteretic Diffusion Equation.

dE (C2 + H)
2

6t crc^C2

d^E d^E
+

dx2 dy2

Its solution yields the time dependence of the field intensity

as a function of position in the core.

The Modified Euler Method of numerical integration was used

to evaluate time variance of the magnetic field intensity and

flux distribution patterns from which the time dependence of

total force and total flux was calculated.

Discussion of error criteria and selection of an appropri-

ate time increment to insure convergence were discussed and a

sample problem illustrating the method was given.




